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Commentary

In animal cells (especially humans), there is an enzyme called acid sphingomyelinase (ASM) 
(EC 3.1.4.12) which can break the large molecule of sphingomyelin and convert it into smaller 
structures of ceramide and phosphorylcholine [1]. ASM has three isoforms: isoform I (lysosomal 
or extracellular) which has catalytic activity and plays a role in breaking down lipid substrates and 
transporting cholesterol from the lysosomal membrane, and isoforms II and III which have no catalytic 
activity and are unable to bind to the Zn2+ cofactor [2,3]. Any mutation in the gene producing this 
enzyme leads to Niemann-Pick disease (NPD ). Following the mutation, the substrate accumulates in 
the lysosome of different organs, leading to the development of clinical symptoms of the disease [4]. 
Since the inheritance pattern of NPD is autosomal recessive, this disease has four clinical variants in 
terms of phenotype: A, B, C, and E, of which the first three types are the most common. The average 
incidence of NPD (depending on the type) is 1 in 150,000 people and is most common in Ashkenazi 
Jews [5]. The diagnosis of the disease depends entirely on the type of the disease and the severity of 
the disease symptoms, but the measurement of ASM levels in the blood of patients and the Philippine 
test are routinely used [6]. In addition to supportive care, approaches such as enzyme replacement 
therapy (ERT) [7], substrate replacement therapy (SRT) [8], bone marrow transplantation (BMT) 
[9], chaperone therapy [10], and gene therapy [11,12] are used to alleviate the symptoms of the 
disease. Recently, most studies have focused on the last approach. 

Clinical variant A (early-onset form) often affects infants neuroviscerally. In this form of the 
disease, which is the most severe form of NPD (due to missense and frameshift mutations in the 
SMPD1 gene), there is no sphingomyelinase enzyme in the cell to break down the lipid substrate 
[13]. Type A often affects children between three months and three years old, and the most common 
complication of NPA is hepatosplenomegaly, which worsens if left untreated. The most common 
signs and symptoms of this type of disease include very poor growth of the child, various respiratory 
infections, lung involvement, visual impairment, and muscle weakness [14,16]. NPA has a poor 
prognosis and is usually fatal by the age of three. Recent research has shown that there is a direct 
relationship between clinical symptoms (phenotype) and the genetics of patients (genotype). 
Thus, one or several different mutations in the SMPD1 gene causes various clinical symptoms. In 
addition to the latest report by Hosseini et al. [17], some researchers have recently reported cases of 
NPD type A. For example, studying a 7-month-old Thai girl, Ngoenmak et al. found that she had 
symptoms similar to NPD type A. In the child, they observed symptoms such as hepatosplenomegaly, 
neurodevelopmental delay, rough face, cherry red spots, hypotonia, lack of growth, and Mongolian 
spots. Also, according to the Sanger sequencing results, they found that this patient had a homozygous 
pathogenic new variant (c.1214T>C (p. Leu 405Pro)) in the SMPD1 gene. Finally, due to a lack of 
timely diagnosis and treatment, the child died at the age of 4 due to respiratory failure and severe 

Citation:Hosseini K. An overview of 
clinical, molecular, and therapeutic 
approaches to Niemann-Pick disease. J 
Clin Exp Hematol. 2024;3(1):35-39.



38J Clin Exp Hematol. 2024;3(1):35-39.

Funding

This work received no specific grant from any funding agency in 
the public, commercial, or not-for-profit sectors.

Competing of Interests

The author declares no competing interests.

Acknowledgement

The author acknowledges the Molecular Medicine Department 
of Shiraz University of Medical Sciences. Also, I would like to thank 
Shiraz University of Medical Sciences, Shiraz, Iran, and the Center 
for Development of Clinical Research of Nemazee Hospital and Dr. 
Nasrin Shokrpour for editorial assistance.

References
1. Schuchman EH. Acid sphingomyelinase, cell membranes and 

human disease: lessons from Niemann-Pick disease. FEBS Lett. 2010 
May 3;584(9):1895-900.

2. Kornhuber J, Muehlbacher M, Trapp S, Pechmann S, Friedl A, 
Reichel M, et al. Identification of novel functional inhibitors of acid 
sphingomyelinase. PLoS One. 2011;6(8):e23852.

3. Jenkins RW, Canals D, Hannun YA. Roles and regulation of 
secretory and lysosomal acid sphingomyelinase. Cell Signal. 2009 
Jun;21(6):836-46.

4. Thurm A, Chlebowski C, Joseph L, Farmer C, Adedipe D, Weiss M, 
et al. Neurodevelopmental Characterization of Young Children 
Diagnosed with Niemann-Pick Disease, Type C1. J Dev Behav 
Pediatr. 2020 Jun/Jul;41(5):388-396.

5. Levran O, Desnick RJ, Schuchman EH. Niemann-Pick disease: a 
frequent missense mutation in the acid sphingomyelinase gene of 
Ashkenazi Jewish type A and B patients. Proc Natl Acad Sci U S A. 
1991 May 1;88(9):3748-52.

6. Vanier MT, Latour P. Laboratory diagnosis of Niemann-Pick disease 
type C: the filipin staining test. Methods Cell Biol. 2015;126:357-75.

7. Pan YW, Tsai MC, Yang CY, Yu WH, Wang B, Yang YJ, et al. Enzyme 
replacement therapy for children with acid sphingomyelinase 
deficiency in the real world: A single center experience in Taiwan. 
Mol Genet Metab Rep. 2023 Jan 31;34:100957.

8. Patterson MC, Vecchio D, Jacklin E, Abel L, Chadha-Boreham H, Luzy 
C, et al. Long-term miglustat therapy in children with Niemann-Pick 
disease type C. Journal of Child Neurology. 2010;25(3):300-5.

9. Iravani M, Nedaeifard L, Alimoghaddam K, Mousavi A, Karimi M, 
Ghavamzadeh A. Bone marrow transplantation in a child with type 
C of niemann-pick disease (second case in the world). Biology of 
Blood and Marrow Transplantation. 2006 Feb 1;12(2):129.

10. Keyzor I, Shohet S, Castelli J, Sitaraman S, Veleva-Rotse B, Weimer 
JM, et al. Therapeutic Role of Pharmacological Chaperones in 
Lysosomal Storage Disorders: A Review of the Evidence and 
Informed Approach to Reclassification. Biomolecules. 2023 Aug 
7;13(8):1227.

11. Hosseini K, Fallahi J, Razban V, Sirat RZ, Varasteh M, Tarhriz V. 
Overview of clinical, molecular, and therapeutic features of 
Niemann–Pick disease (types A, B, and C): Focus on therapeutic 
approaches. Cell Biochemistry and Function. 2024 Jun;42(4):e4028.

12. Hosseini K, Fallahi J, Tabei SM, Razban V. Gene therapy approaches 
for GM1 gangliosidosis: Focus on animal and cellular studies. Cell 
Biochemistry and Function. 2023 Dec;41(8):1093-105.

13. Eskes ECB, Sjouke B, Vaz FM, Goorden SMI, van Kuilenburg ABP, 
Aerts JMFG, et al. Biochemical and imaging parameters in acid 
sphingomyelinase deficiency: Potential utility as biomarkers. Mol 
Genet Metab. 2020 May;130(1):16-26.

14. Vanier MT. Niemann-Pick diseases. Handb Clin Neurol. 
2013;113:1717-21. 

15. Irun P, Mallén M, Dominguez C, Rodriguez-Sureda V, Alvarez-Sala 
LA, Arslan N, et al. Identification of seven novel SMPD1 mutations 
causing Niemann-Pick disease types A and B. Clin Genet. 2013 
Oct;84(4):356-61.

16. Wasserstein MP, Desnick RJ, Schuchman EH. Types A and B 
Niemann‐Pick Disease. Lysosomal Storage Disorders: A Practical 
Guide. 2022 Jul 21:126-33.

17. Ngoenmak T, Somran J, Foonoi M, Srisingh K, Singpan N, Tim-Aroon 
T. Case report of a novel variant in SMPD1 of Niemann-Pick disease 
type A with a liver histology from Thailand. Global Pediatrics. 2024 
Mar 1;7:100096.

18. Gul F, Begum S, Rasool P, Shah S, Waqar M. A Rare Case of Niemann-
Pick Disease Type-A. Cureus. 2024 Apr 30;16(4):e59427.

19. Al Shahrani AM, Asiri W, Alqarni SAM, Al Murayeh LM. Novel 
Mutation in Chromosome 11p15.4 Causing Niemann-Pick Disease 
Type A in a Saudi Child. Cureus. 2024 Mar 10;16(3):e55883.

20. Zampieri S, Filocamo M, Pianta A, Lualdi S, Gort L, Coll MJ, et al. 
SMPD1 Mutation Update: Database and Comprehensive Analysis of 
Published and Novel Variants. Hum Mutat. 2016 Feb;37(2):139-47. 

21. Schuchman EH, Wasserstein MP. Types A and B Niemann-Pick 
disease. Best Pract Res Clin Endocrinol Metab. 2015 Mar;29(2):237-
47.

22. McGovern MM, Wasserstein MP, Aron A, Desnick RJ, Schuchman EH, 
Brodie SE. Ocular manifestations of Niemann-Pick disease type B. 
Ophthalmology. 2004 Jul;111(7):1424-7.

23. Maines E, Franceschi R, Rizzardi C, Deodato F, Piccoli G, Gragnaniello 
V, et al. Atherogenic lipid profile in patients with Niemann-Pick 
disease type B: What treatment strategies? J Clin Lipidol. 2022 Mar-
Apr;16(2):143-54.

24. Simonaro CM, Desnick RJ, McGovern MM, Wasserstein MP, 
Schuchman EH. The demographics and distribution of type B 
Niemann-Pick disease: novel mutations lead to new genotype/
phenotype correlations. Am J Hum Genet. 2002 Dec;71(6):1413-9. 

25. Beck MM, Thomas S, Sowmya S, Goel A, Danda S. Successful 
Outcome of Pregnancy in Niemann-Pick Disease Type B: A Case 
Report and Review of Literature. J Obstet Gynaecol India. 2022 
Dec;72(Suppl 2):399-402.

26. Ordieres-Ortega L, Galeano-Valle F, Mallén-Pérez M, Muñoz-
Delgado C, Apaza-Chavez JE, Menárguez-Palanca FJ, et al. 
Niemann-Pick disease type-B: a unique case report with compound 
heterozygosity and complicated lipid management. BMC Med 
Genet. 2020 May 6;21(1):94.

27. Wu F, Su D, Wang W, Song X, Fan S, Su J, et al. Case report: Clinical, 
imaging, and genetic characteristics of type B niemann pick 
disease combined with segawa syndrome diagnosed via dual gene 
sequencing. Front Genet. 2024 May 17;15:1391936.

28. Las Heras M, Szenfeld B, Ballout RA, Buratti E, Zanlungo S, Dardis 
A, Klein AD. Understanding the phenotypic variability in Niemann-
Pick disease type C (NPC): a need for precision medicine. NPJ 
Genom Med. 2023 Aug 11;8(1):21.

29. Bianconi SE, Hammond DI, Farhat NY, Dang Do A, Jenkins K, 

Citation: Hosseini K. An overview of clinical, molecular, and therapeutic approaches to Niemann-Pick disease. J Clin Exp Hematol. 2024;3(1):35-39.


