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ABSTRACT

Niemann-pick disease (NPD) is a group of lysosomal storage diseases
that overlap in some clinical features such as hepatosplenomegaly and/
or central nervous system involvement. There are three distinctive types
of NPD; two that are an acid sphingomyelin deficiency (types A and B),
and a cholesterol-binding protein disfunction (type C). Type A patients
present hepatosplenomegaly and neurodegeneration, while type B
patients also have hepatosplenomegaly and lungs alterations, but no sign
of central nervous system involvement. Type C patients have different
clinical features depending on the age of disease onset.

RESUMEN

La enfermedad de Niemann-pick (NPD) compone un grupo de
enfermedades de almacenamiento lisosomal que se parecen en
cuanto a sus manifestaciones clinicas, como hepatosplenomegalia
y/o degeneracion del sistema nervioso central. Hay tres tipos de
NPD; dos que presentan una deficiencia de esfingomielinasa (tipos A
y B), y uno que presenta una disfuncién en proteinas de transporte de
colesterol. Los pacientes con tipo A presentan hepatosplenomegalia
y neurodegeneracion, mientras que los pacientes con tipo B también
presentan hepatosplenomegalia mds alteraciones en los pulmones, pero
sin signos de afectacion neuroldgica. Los pacientes con tipo C tienen
diferentes manifestaciones clinicas, dependiendo de la edad en la que se

presenta la enfermedad.

1. INTRODUCTION

Niemann-Pick disease (NPD) is a genetic lysosomal storage
disorder that accumulates different types of lipids in specific organs
and structures. It was first described by the german pediatrician Albert
Niemann in 1914, mistaking the patient's symptoms with Gaucher disease
(another lysosomal storage disorder). The patient was an 18-year-old
female jew with hepatosplenomegaly and a progressive neurogenerative
disorder leading to death weeks after being incorrectly diagnosed with
Gaucher disease.” In 1927, pathologist Ludwig Pick analyzed children
that presented neurodegenerative disorders’? and the same symptoms
Niemann described in his patient. He differentiated the disorder from
Gaucher disease naming it Niemann-Pick disease.’ Allen Crocker and
Roscoe Brady described the biochemical aspects of NPD and classified
it in four types: A, B,Cand D in 1961 and 1966.'3

NPD is classified according to the genetic mutation and clinical

features. NPD types A and B are caused by an acid sphingomyelinase

(ASM) deficiency due to a mutation in the SMPD1 gene. NPD type A and
B are differentiated by severity and presence or absence of neurological
symptoms.* NPD types C and D are caused by a deficiency involving
lysosomal cholesterol-binding proteins and mutations in NPC1 or NPC2
genes.> NPD type D is considered a variant of type C, therefore they are
both contemplated as type C.!

NPD is inherited in an autosomal recessive manner. ASM is produced
from the SMPD1 gene located in 11p15.4, inherited from the maternal
chromosome. The degree of clinical manifestations depends on the type
of SMPD1 mutation (more than 180 mutations have been found in this
gene). NPD type A has a global prevalence of 1:250,000 newborns, but
there is a higher incidence in Ashkenazi Jews (1:40,000). NPD type A is
the most frequent form of NPD, presented in 75% of cases.? There are
3 specific mutations that are seen in 90% of Ashkenazi Jews with NPD
type A (p.Arg496Leu, p.Leu302Pro and ¢.996delC).2® Another specific
mutation (deltaR608) was found in 15-20% of NPD type B individuals in
Western Europe and North America.

NPD type C is due to a mutation in either NPC1 (95% of cases) or
NPC2 (5% of cases) genes that encode for NPC1 and NPC2 cholesterol-
binding proteins.®’¢ NPC1 gene is mapped from chromosome 18q11-q12
with more than 300 mutations. Mutant allele p.11061T is the most
frequent and correlates with a juvenile neurologic onset. NPC2 gene
is mapped from chromosome 14q24.3 with one mutation (E20X) that
appears frequently, even though many others have also been described.
The true prevalence of NPD type C is unknown, but it is estimated to be
between 0.66 and 0.83 per 100,000 births.®

2. DISEASE OVERVIEW
NIEMANN-PICK TYPE A AND B

SMPD1 gene mutation causes an acid sphingomyelinase (ASM)
deficiency. ASM is a lysosomal enzyme that maintains sphingolipid
homeostasis. It catalyzes the hydrolytic cleavage of sphingomyelin
producing phosphocholine and ceramide. Sphingomyelin is a major
component of cell membranes and myelin shed, and the principal
accumulating lipid in patients with Niemann-Pick disease (NPD) types
A and B.2 Insufficient ASM activity leads to sphingomyelin accumulation
in the monocyte-macrophage system and other cell types (hepatocytes,
dermal fibroblasts, vascular endothelial cells, vascular smooth muscle
cells, perineurium, and Schwann cells).?*

Clinical features in types A and B are due to lipid abnormalities in

cell membranes. Sphingomyelin and other substrates can build up over



time and cause cell and tissue damage. The
primary organs affected in all ASM-deficient
patients are the liver, spleen and lungs.?*

Pathologic analysis reveals lipid loaded
cells (foam cells) in the liver, spleen, lungs,
lymph nodes, adrenal cortex and bone marrow.
Foam cells have a “bubbly” appearance when
histologically analyzed, as we see in Figure 1. In
the liver, foam cells are present in hepatocytes,
Kupffer cells and bile duct epithelium. Liver
biopsies reveal some degree of fibrosis, which
usually leads to cirrhosis. In the lungs, lipid
filled macrophages and neutrophils can be
found.*

NPD type A patients usually present an
atrophic brain. Ganglion cells are swollen and
present a pale and vacuolated cytoplasm. There
is a loss of cells in the cerebral and cerebellar
cortices and some areas of white matter show demyelination. Foam
cells are present in leptomeninges, tela choroidea, endothelium, and

perivascular spaces of cerebral blood vessels.*

3. NIEMANN-PICK TYPE C

The biochemical defect in type C NPD is an abnormality in
cholesterol transport due to a mutation in NPC1 or NPC2 gene.'#1°
Cholesterol-binding proteins (NPC1 and NPC2) become inefficient and
fail to transport cholesterol out of the lysosomes.5%® Cholesterol and
sphingomyelin accumulate in lysosomes.® Cholesterol is an important
substance needed in cell membranes, failure to transport cholesterol
leads to membrane cholesterol deficiency ending in dysfunction and
apoptosis.®

Lipid accumulation is different in the brain than in other organs. The
liver and spleen accumulate unesterified cholesterol and sphingomyelin.

This accumulation explains the dysfunction of intracellular metabolism

FIGURE 2. Typical cherry-red spot on macula.”
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FIGURE 1. Niemann-Pick cell. Characteristic foamy macrophage, cell contains sphingomyelin and cholesterol.®

of lipids. The brain accumulates glycosphingolipids that causes
neurologic dysfunction and as the disease progresses neuronal death
becomes prominent.®® The participation of cellular cholesterol transport

abnormalities in the pathophysiology of NPD type C remains unknown.?

4. CLINICAL FEATURES

Type A Niemann-Pick disease (NPD) has an early onset. Patients
present hepatosplenomegaly and failure to thrive within the first
year of life. Figure 2 shows a cherry-red spot in the maculae that is
presented in 50% of the patients."? NPD type A is characterized by a
progressive neurodegenerative course with profound hypotonia. It can
be diagnosed within the first 6 months of life if hepatosplenomegaly
is present. From month 6 to 15 development plateaus. There is a rapid
progression of psychomotor deterioration and most patients never
develop the ability to sit independently.?2 Death mostly occurs during
the third year of life."?”
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Type B NPD has a variable onset® and there are no signs of central
nervous system involvement.? This makes it less severe than type A.”
Hepatosplenomegaly is present and accompanied by liver failure.
The lungs are frequently involved in type B NPD, therefore pulmonary
function is compromised. A cherry-red spot can be identified in a few
cases.? There is sphingomyelin accumulation in bone marrow and
lungs. There is a high chance the patient can survive to adulthood.®’

The classic presentation of NPD type C occurs in mid-to-late
childhood with the subtle onset of ataxia, vertical supranuclear gaze
palsy, dementia, dystonia and seizures, and it may present at any
age. Neonates can present ascites (buildup of fluid in the abdominal
cavity) and lung or liver infiltration. Many infants die at this stage and
those who survive are hypotonic and present delayed psychomotor
development.® Organomegaly is present in infants, but then decreases
over time.® Adolescents and adults may present neurological disease
with a slower progression. Adults are more likely to show psychiatric
symptoms (dementia). Lifespan of NPD type C patients also varies
from a few days until over 60 years of age, although the majority of

patients die between ages 10 and 25.2

5. DIAGNOSIS

Because Niemann-Pick disease (NPD) is rare, diagnosis may
be missed during the initial stage of the disease. NPD should be
suspected in patients with hepatosplenomegaly, development delay
and a cherry-red spot on macula. Diagnosis is difficult to accomplish
with clinical presentation and has to be confirmed over biochemical

or molecular genetic testing.*

Quantifying acid sphingomyelinase (ASM) activity in leukocytes
or fibroblast is the standard confirmatory diagnostic procedure.
Sequencing the SPMD1 gene is also an option to confirm the
diagnosis, but it should not be used as a first line diagnostic indicator.
Presence of vacuolated cells in peripheral blood or bone marrow is
also indicative of the disease only if there is deficient enzyme activity.
The differential diagnosis of ASM deficiency include Gaucher disease
and type C NPD.2

Clinical diagnosis of NPD type C is easy in patients who have the
typical symptoms (splenomegaly, ataxia, and supranuclear vertical
gaze palsy). Although clinical presentations may vary with age. The
demonstration of impaired intracellular cholesterol transport and
homeostasis is the primary diagnostic test for NPD type C. This test
requires living cells (skin fibroblast). Fibroblasts are cultured, fixed,
stained and examined using fluorescence microscopes. Gene testing
is advised with every new diagnosed patient to confirm diagnosis and
identify type of mutation.®

In neonates and young infants NPD type C should be differentiated
from idiopathic neonatal hepatitis. In children and adults other
conditions that cause cerebellar ataxia, dystonia, cataplexy and

supranuclear gaze should be considered.®

6. TREATMENTS

There are no curative therapies for patients with Niemann-Pick
disease (NPD). Treatment is limited to symptom management and
supportive care.“® Experimental treatments like bone marrow transplant

and enzyme therapy are yet to be approved as a method to cure NPD.*

CONCLUSION

Niemann-Pick disease (NPD) is a rare lysosomal storage disorder
caused by a genetic mutation inherited in an autosomal recessive matter.
It is a progressive and life-threatening disease. Today, we know that there
are three distinctive types of NPD: A, B and C. NPD type A and B are
caused by an acid sphingomyelinase deficiency and type C is caused by
a cholesterol-binding protein disfunction.

NPD is characterized by having lipid accumulations inside of
lysosomes and/or cells. The lipid accumulations cause clinical
manifestations such as organomegaly and neurodegeneration. There is
no cure for NPD and the only treatment includes symptom management.
Death is highly anticipated with this disease and patients can only receive

palliative care.

AUTOR DE CORRESPONDENCIA:
*Sabrina Munita Miller

Correo electrénico: sabrinamunita@gmail.com



ARTICULO
DE REVISION

REFERENCES

1. Villamandos-Garcia D, Santos-Lozaono A. Enfermedad de niemann-Pick: un
enfoque global. Ene [Internet]. 2014 [cite 2019 Oct 15];8(2). Available from: http://
scielo.isciii.es/scielo.php?script=sci_arttext&pid=S1988-348X2014000200003&l-
ng=en&nrm=iso&tlng=en doi: http://dx.doi.org/10.4321/S1988-
348X2014000200003

2. Schuchman EH, Desnick RJ. Types A and B Niemann-Pick disease. Mole-

cular Genetics and Metabolism [Internet]. 2017 [cited 2019 Oct 15];120(1-
2):27-33. Available from: https://www.sciencedirect.com/science/article/pii/
S$1096719216303171 doi: https://doi.org/10.1016/j.ymgme.2016.12.008

3, Zarco-Roman J, Romero-Gémez HE, Carbajal-Rodriguez L. Enfermedad de
Niemann Pick tipo-A. Presentacién de 12 casos [Internet]. 2017 [cited 2019 Oct
15];38(3). Available from: http://www.scielo.org.mx/pdf/apm/v38n3/2395-8235-
apm-38-03-0152.pdf doi: http://dx.doi.org/10.18233/APM38No3pp152-1641387
4 McGovern MM, Avetisyan R, Sanson B, Lidove O. Disease manifestations and
burden of illness in patients with acid sphingomyelinase deficiency (ASMD).
Orphanet Journal of Rare Diseases [Internet]. 2017 [cited 2019 Oct 17]; 12(41).
Available from: https://ojrd.biomedcentral.com/track/pdf/10.1186/s13023-017-
0572-x doi: 10.1186/s13023-017-0572-x

5. Hopkin RJ, Grabowski GA. Chapter 411; Lysosomal Storage Diseases. In:
Kasper D, Fauci A, Hauser S, Longo D, Jameson J, Loscalzo J, editors. Harrison's
principles of internal medicine [Internet]. 20th ed. New York, NY: McGrawHill;
2020 [cited 2019 Oct 16]. Available from: https://accessmedicine.mhmedical.
com/content.aspx?bookid=2738&sectionid=227554953

5. Patterson M. Niemann-Pick Disease Type C. In: Adam MP, Ardinger HH, Pagon
RA, et al., editors. GeneReviews [Internet]. 2000 [updated 2019 Aug 29; cited 2019
Oct 21]. Available from: https://www.ncbi.nim.nih.gov/books/NBK1296/

7. Cerén-Rodriguez M, Vazquez-Martinez ER, Garci-Delgado C, Ortega-Vazquez

A, Valencia-Mayoral P, Ramirez-Devars L, Arias-Villegas C, Monroy-Mufioz IE,

Universidad Andhuac Querétaro | 23

Lopez M, Cervantes A, Cerbén M, Morén-Barroso VF. Niemann-Pick disease

A or B in four pediatric patients and SMPD1 mutation carrier frequency in the
Mexican population. Annals of Hepatology [Internet]. 2019 [cited 2019 Oct
15];18(4):613-619. Available from: https://www.sciencedirect.com/science/
article/pii/S1665268119300560?via%3Dihub doi: https://doi.org/10.1016/j.
aohep.2018.12.004

8. Vanier MT. Niemann-Pick disease type C. Orphanet Journal of Rare Diseases
[Internet]. 2010 [cited 2019 Oct 22];5(6). Available from: https://ojrd.biomedcen-
tral.com/articles/10.1186/1750-1172-5-16 ANTES 10

9. Lichtman MA, Shafer JA, Felgar RE, Wang N. Normal & Abnormal Monocytes &
Macrophages. In: Lichtman’s Atlas of Hematology [Internet]. New York, NY: Mc-
Graw-Hill; 2016. 31, Niemann-Pick. Marrow film containing characteristic foramy
macrophage of Niemann-Pick disease. The cell is engorged with sphingomyelin
and cholesterol; [cited 2019 Oct 24]. Available from: https://accessmedicine.
mhmedical.com/content.aspx?sectionid=116917785&bookid=16308&jumpsectio-
nid=143614434&Resultclick=2

2. McGovern MM, Desnick RJ. 104.4 Lipidoses (Lysosomal storage disorder). In:
Kliegman RM, St Geme JW, Blum NJ, Samir SS, Tasker RC, Wilson KM. Nelson
Textbook of pediatrics [Internet]. Philadeplphia PA: Elsevier; 2019 [cited 2019
Oct 22]. p. 773. Available from: https://www.clinicalkey.es/#!/browse/book/3-
s2.0-C20161017121

1. Bailey K. Sarraf D. Mieler WF. Yanuzzi LA. Chapter 3. Pediatrics. In: The Retinal
Atlas [Internet]. Elsevier; 2016. 144 &145, This patient shows evidence of abnor-
mal inner retinal accumulation of sphingomyelin and cholesterol in the perifoveal
region, which causes a cherry-red spot. The photo on the right shows a macular
halo, which is a classic presentation of this disorder. There are also multifocal
spots produced by the abnormal storage; [cited 2019 Oct 14] Available from:
https://www.elsevier.com/books/the-retinal-atlas/freund/978-0-323-28792-0




