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A B S T R A C T   

Gaucher disease (GD), a lysosomal storage disorder caused by β-glucocerebrosidase deficiency, results in the 
accumulation of glucosylceramide and glucosylsphingosine. Glucosylsphingosine has emerged as a sensitive and 
specific biomarker for GD and treatment response. However, limited information exists on its role in guiding 
treatment decisions in pre-symptomatic patients identified at birth or due to a positive family history. We present 
two pediatric patients with GD1 and highlight the utility of glucosylsphingosine monitoring in guiding treatment 
initiation.   

1. Introduction 

Gaucher disease (GD, MIM #230800), the most common lysosomal 
storage disorder, is caused by biallelic pathogenic variants in GBA, 
resulting in enzymatic deficiency of β-glucocerebrosidase (EC 3.2. 1.45) 
[1]. The β-glucocerebrosidase enzyme catalyzes the metabolism of gly
cosphingolipids in the lysosomal globoside degradation pathway and 
enzymatic deficiency results in an intra-lysosomal accumulation of 
glucosylceramide [2,3]. As glucosylceramide accumulates in lysosomal 
macrophages of the spleen, liver, bone marrow, and occasionally the 
lungs, it undergoes deacylation by acid ceramidase to form glucosyl
sphingosine (lyso-Gb1), a sensitive biomarker for GD [4,5]. The accu
mulation of these substrates can lead to progressive, debilitating disease 
with multi-system involvement [6]. 

Type 1 GD is the most common form in the United States and Europe 
with an estimated disease prevalence of 1 in 40,000 to 60,000 in
dividuals, with an increased prevalence in individuals of Ashkenazi 
Jewish descent [6,7]. Phenotypically, type 1 GD is distinguished from 
types 2 and 3 by a lack of central nervous system involvement. The most 
prevalent pathogenic variant in patients with type 1 GD is the c.1226A 
> G, p.N409S (NM_000157.4) allele, which can be attributed to a 
founder effect in the Ashkenazi Jewish population. Individuals homo
zygous for this variant present with a variable clinical presentation 
ranging from early-onset disease in childhood to onset in the sixth 

decade of life [8]. Symptoms may include hepatosplenomegaly, anemia, 
thrombocytopenia, growth delay, and bone or pulmonary involvement 
[7,9,10]. Targeted treatment in the form of enzyme replacement therapy 
(ERT) and substrate reduction therapy (for adults) are available and 
effective at reversing disease symptoms [11–13]. 

Disease progression is monitored in patients with GD via analysis of 
blood counts and chitotriosidase (CHITO) activity [14] at baseline and 
every 3 to 6 months or 12 months for ERT treated and untreated pa
tients, respectively [15]. Visceral and skeletal involvement is assessed at 
diagnosis and every 6 to 12 months for treated and untreated patients, 
respectively, using magnetic resonance imaging (MRI) and ultrasound 
(US) for visceral assessment and MRI of the femora, spine and symp
tomatic sites for skeletal assessment [16]. Furthermore, in addition to 
assessment of bone marrow infiltration, bone mineral density is assessed 
using dual energy x-ray absorptiometry (DEXA) [17]. More recently, 
lyso-Gb1 has shown to be a useful and reliable biomarker for the diag
nosis and monitoring of treated and untreated patients with GD 
[14,18,19]. 

Here we report the clinical, biochemical, and molecular findings of 
two unrelated pediatric patients identified due to high risk screening 
with type 1 GD. Both patients were followed closely and treatment was 
initiated based on clinical evidence of disease progression and rising 
biomarker levels. We highlight the clinical utility of lyso-Gb1 in the 
decision-making tree and also its benefits in evaluating treatment 
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response. 

2. Methods 

Medical records were reviewed for two unrelated pediatric patients 
diagnosed with type 1 GD with lyso-Gb1 data available. The two patients 
were followed at different institutions and managed utilizing standard 
surveillance and treatment guidelines. Review of the patients’ medical 
records and clinical parameters was performed at each institution by the 
respective treating clinical team. The first three samples for lyso-Gb1 
analysis from patient 1 were obtained from a repository study ‘Genetic 
Disease Repository for Blood, Urine and Tissue’ (IRB# Pro00007612) 
and lyso-Gb1 analysis was performed under a research study (IRB# 
Pro00088186). Both studies were approved by the Duke University 
Health System Institutional Review Board. 

Plasma lyso-Gb1 analysis for Patient 1 was performed according to a 
previously published method [20] by Duke University Health System’s 
CLIA/CAP certified Biochemical Genetics Laboratory. CHITO analysis 
was sent to LabCorp, a CLIA/CAP certified laboratory. 

Plasma lyso-Gb1 analysis and CHITO activity for Patient 2 were 
performed by Sema4, DBA Mount Sinai Genomics Inc., a CLIA/CAP 
certified laboratory. In brief, lyso-Gb1 analysis was performed by liquid- 
chromatography tandem mass-spectrometry (LC-MS/MS) and CHITO 
activity was measured by a fluorometric method using artificial 4-MU- 
β-D-triacetylchitotriosidase substrate. 

3. Case reports 

3.1. Patient 1 

Patient 1 is a 7-year-old Caucasian male homozygous for the GBA p. 
N409S pathogenic variant, diagnosed prenatally via amniocentesis after 
his parents were identified as GD carriers on prenatal carrier screening. 
He was first evaluated at 6 months of age and established care at Duke 
University at 3 years of age with follow-up appointments approximately 
every 6 months, with his most recent examination at 7.5 years. Height, 
weight, and head circumference trends have always been appropriate 
for age. Initial abdominal MRI at 4.0 years of age revealed persistent 
hepatosplenomegaly (Table 1). DEXA bone density evaluation at 6.4 
years of age was normal with a total spine Z-score of 1.6 and total body 
Z-score of 1.9. 

Hemoglobin and platelet counts have always been within normal 
limits; however, marked elevations of lyso-Gb1 and CHITO were 
consistently observed (Fig. 1A). Lyso-Gb1 concentration was elevated at 
45.8 nmol/L (NL: <1.9) at first assessment and remained moderately 
elevated with a maximum observed concentration of 97.5 nmol/L. 
Similar trends were observed for CHITO with concentrations as low as 
789 mmol/h/ml (NL: 5.1–120) at first collection and as high as 1637 
mmol/h/ml at the most recent collection prior to treatment initiation. At 
no point was there a history of bone crises, lytic lesions, avascular ne
crosis, or pathological fractures. There were no complaints of pain, fa
tigue, increased bleeding, or developmental delays; however, in view of 
the persistent hepatosplenomegaly and rising biomarker levels, 

treatment with ERT was recommended. The patient began treatment at 
7.4 years of age with velaglucerase alfa (VPRIV®) at the standard dose of 
60 units/kg every other week. After 3 months of ERT, biomarker values 
showed a marked reduction. 

3.2. Patient 2 

Patient 2 is a 9-year-old male of Ashkenazi Jewish descent with a 
positive family history of GD, homozygous for the GBA p.N409S path
ogenic variant. Diagnosis was made at 5 years of age via targeted GBA 
genetic testing and care established at the Icahn School of Medicine at 
Mount Sinai with follow-up appointments approximately every 12 
months. Gross/fine motor delays and speech delays were observed upon 
initial examination at 5 years of age, which resolved with physical and 
occupational therapy. Liver and spleen volumes as obtained via 
abdominal ultrasound showed mild organomegaly from 6.5 years of age 
(Table 1). Most recent DEXA bone density evaluation performed at 9 
years of age showed a Z-score of − 2.4 and − 1.1 at the hip and spine, 
respectively. At 9 years of age, the patient noted joint pain in knees, feet 
and hands and reported easy bruising and fatigue. 

Hemoglobin levels consistently measured within the normal range 
while platelets had dropped to borderline low at 8.4 years of age. Within 
one and a half years, biomarker levels nearly doubled, increasing from: 
122.6 to 211.6 nmol/L (NL: 0–2.17) for lyso-Gb1 while CHITO values 
increased slightly from 4680 to 5000 mmol/h/ml (NL: 5.1–120). There 
was no history of bone crises, lytic lesions, avascular necrosis, or path
ological fractures; however, as the patient exhibited evidence of disease 
burden with increasing levels of biomarkers including lyso-Gb1 and 
CHITO, ERT was recommended and initiated at 9.2 years of age. After 5 
months of treatment with Imiglucerase (Cerezyme®) at the standard 
dose of 60 units/kg every other week, a marked reduction in biomarker 
levels was observed (Fig. 1B). 

4. Discussion 

Increasing numbers of pre-symptomatic children with GD are being 
identified due to widely-accessible carrier screening and incorporation 
of GD into newborn screening. As these individuals are being identified 
prior to disease manifestation, it is important that effective disease 
monitoring is established to determine the optimal time to begin treat
ment, and thus prevent long-term, irreversible damage. 

Although the p.N409S pathogenic GBA variant is a common patho
genic variant in type 1 GD [21], individuals who are homozygous for 
this allele exhibit a high degree of phenotypic heterogeneity [22]. While 
some individuals with this genotype may present with mild symptoms 
and/or remain asymptomatic for decades [9], others may present in 
childhood with severe clinical manifestations including hep
atosplenomegaly, pancytopenia, growth delay, and bone and lung 
involvement [17,23]. Therefore, disease monitoring and initiation of 
treatment must be tailored to the individual based on their specific 
disease course. 

Guidelines for the evaluation and management of patients with GD 
recommend a comprehensive evaluation of all disease domains to 
establish baseline disease characteristics to monitor for treatment 
initiation [24]. In addition, guidelines for the management of asymp
tomatic children with GD recommend annual examinations for in
dividuals with the p.N409S variant and more frequent monitoring for 
individuals with variants known to result in a more severe clinical 
presentation [15]. Yang et al. reported the clinical, laboratory, and 
imaging data of 38 pre-symptomatic children with type 1 GD diagnosed 
after parental carrier screening, and concluded that disease progression 
could be effectively monitored via laboratory studies including CBC and 
CHITO activity at each visit, assessment of organ volumes every 1–2 
years via abdominal ultrasound or MRI, and assessment of bone mineral 
density via DEXA every 2 years. Treatment was initiated when growth 
parameters were not met, osteopenia was present as evidenced on DEXA 

Table 1 
Patient organ volume and BMI.   

Age 
(yrs) 

Liver Spleen BMI (kg/ 
m2) 

Volume 
(ml) 

MN Volume 
(ml) 

MN 

Patient 1 3.9 586 1.2 142 3.7 16.9 
6.1 770 1.3 181 3.8 15.9 
7.0 873 1.2 202 3.5 17.2 

Patient 2 6.5 1028 1.9 139 3.2 15.4 
7.3 1189 2.1 159 3.5 14.6 
8.4 1023 1.7 128 2.6 15.2  
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scan, organomegaly was present, and/or an increasing trend of CHITO 
was observed [25]. 

CHITO has been shown to be a valuable marker in the assessment and 
monitoring of patients with GD [12,26,27]; however, CHITO analysis 
will be unreliable in ~6% and ~ 33% of the general population who are 
homozygous or heterozygous, respectively, for a benign modifier variant 
in CHIT1 [28,29], thus resulting in a barrier to monitoring disease 
progression in a significant proportion of individuals. In place of CHITO, 
some physicians may choose to monitor therapeutic response with pe
riodic assessment of ACE and TRAP, which have a high degree of cor
relation with CHITO levels; however, as they are not specific to GD, they 
are not always utilized in the clinical assessment of patients with GD 
[29] and lyso-Gb1 analysis allows for improved disease monitoring in 
these patient. 

More recently, lyso-Gb1 has been shown to be a key biomarker of GD 
and its response to treatment [4,18,19,30–32] and several analytical 
methods have been developed to measure lyso-Gb1 in plasma, urine, and 
dried blood spots [33–37]. The development of clinical assays for 
measurement of lyso-Gb1, a sensitive biomarker for GD, has the poten
tial for major clinical utility in monitoring disease progression in all 
patients with GD; however, there is increased utility of this biomarker in 
patients such as those described herein that were diagnosed prenatally 
or in early childhood, to determine when to initiate treatment with ERT. 
While Patient 1 did not outwardly exhibit signs of disease such as pain, 
fracture, or bleeding, moderate elevations of lyso-Gb1 in the setting of 
persistent hepatosplenomegaly was evidence of disease and allowed the 
physician and family to make the decision to initiate treatment. For 
Patient 2, elevated lyso-Gb1 in the setting of pain, low bone density and 
borderline low platelets provides supportive evidence for the decision to 
initiate treatment. The elevated lyso-Gb1 together with the elevated 
CHITO observed in both patients strengthens the evidence of disease 
progression; however, additional data from larger cohorts would be 
beneficial to show the clinical utility of lyso-Gb1. As both patients 
continue to receive ERT for GD, lyso-Gb1 will remain an important tool 
to monitor effectiveness of treatment until organ volume and bone 
density are assessed. 

5. Conclusion 

The addition of lyso-Gb1 in the clinical assessment of two pediatric 
patients with type 1 GD diagnosed pre-symptomatically allowed accu
rate monitoring of disease progression and determination of ERT initi
ation. The persistent elevations of lyso-Gb1 together with the persistent 
elevations of CHITO was an important factor in the decision to initiate 
treatment. Upon treatment initiation with ERT, a marked reduction of 
biomarker levels was observed, highlighting the utility of this biomarker 
in treatment monitoring. Integration of lyso-Gb1 would be a beneficial 
addition to the routine monitoring guidelines for patients with GD to 
inform treatment decisions and other clinical determinations as well as 
treatment monitoring. 

Acknowledgements 

The authors thank all of the providers who cared for the patients and 
their families, and Heidi Cope for technical review of the manuscript. 
This work was supported by Duke University Health Systems and an 
Investigator-Initiated Award from Shire Pharmaceuticals USA, a mem
ber of the Takeda Group of Companies. 

References 

[1] P. Kaplan, H.C. Andersson, K.A. Kacena, J.D. Yee, The clinical and demographic 
characteristics of nonneuronopathic Gaucher disease in 887 children at diagnosis, 
Arch. Pediatr. Adolesc. Med. 160 (6) (2006) 603–608. 

[2] M.J. Ferraz, W.W. Kallemeijn, M. Mirzaian, D. Herrera Moro, A. Marques, P. Wisse, 
R.G. Boot, L.I. Willems, H.S. Overkleeft, J.M. Aerts, Gaucher disease and Fabry 
disease: new markers and insights in pathophysiology for two distinct 
glycosphingolipidoses, Biochim. Biophys. Acta 1841 (5) (2014) 811–825. 

[3] Boer DEC, J. van Smeden, J.A. Bouwstra, J. Aerts, Glucocerebrosidase: functions in 
and beyond the lysosome, J. Clin. Med. 9 (3) (2020). 

[4] V. Murugesan, W.L. Chuang, J. Liu, A. Lischuk, K. Kacena, H. Lin, G.M. Pastores, 
R. Yang, J. Keutzer, K. Zhang, et al., Glucosylsphingosine is a key biomarker of 
Gaucher disease, Am. J. Hematol. 91 (11) (2016) 1082–1089. 

[5] Bobillo Lobato J, Jimenez Hidalgo M, Jimenez Jimenez LM: Biomarkers in 
Lysosomal Storage Diseases. Diseases 2016, 4(4). 

[6] M. Balwani, T.A. Burrow, J. Charrow, O. Goker-Alpan, P. Kaplan, P.S. Kishnani, 
P. Mistry, J. Ruskin, N. Weinreb, Recommendations for the use of eliglustat in the 
treatment of adults with Gaucher disease type 1 in the United States, Mol. Genet. 
Metab. 117 (2) (2016) 95–103. 

[7] Stirnemann J, Belmatoug N, Camou F, Serratrice C, Froissart R, Caillaud C, Levade 
T, Astudillo L, Serratrice J, Brassier A et al: A Review of Gaucher Disease 
Pathophysiology, Clinical Presentation and Treatments. Int. J. Mol. Sci. 2017, 18 
(2). 

[8] T.H. Taddei, K.A. Kacena, M. Yang, R. Yang, A. Malhotra, M. Boxer, K.A. Aleck, 
G. Rennert, G.M. Pastores, P.K. Mistry, The underrecognized progressive nature of 
N370S Gaucher disease and assessment of cancer risk in 403 patients, Am. J. 
Hematol. 84 (4) (2009) 208–214. 

[9] P.K. Mistry, G. Lopez, R. Schiffmann, N.W. Barton, N.J. Weinreb, E. Sidransky, 
Gaucher disease: Progress and ongoing challenges, Mol. Genet. Metab. 120 (1–2) 
(2017) 8–21. 

[10] G.A. Grabowski, G. Andria, A. Baldellou, P.E. Campbell, J. Charrow, I.J. Cohen, C. 
M. Harris, P. Kaplan, E. Mengel, M. Pocovi, et al., Pediatric non-neuronopathic 
Gaucher disease: presentation, diagnosis and assessment. Consensus statements, 
Eur. J. Pediatr. 163 (2) (2004) 58–66. 

[11] A. Safary, M. Akbarzadeh Khiavi, R. Mousavi, J. Barar, M.A. Rafi, Enzyme 
replacement therapies: what is the best option? BioImpacts : BI 8 (3) (2018) 
153–157. 

[12] S. Revel-Vilk, J. Szer, A. Mehta, A. Zimran, How we manage Gaucher disease in the 
era of choices, Br. J. Haematol. 182 (4) (2018) 467–480. 

[13] P. Gupta, G. Pastores, Pharmacological treatment of pediatric Gaucher disease, 
Expert. Rev. Clin. Pharmacol. 11 (12) (2018) 1183–1194. 

[14] A. Rolfs, A.K. Giese, U. Grittner, D. Mascher, D. Elstein, A. Zimran, T. Bottcher, 
J. Lukas, R. Hubner, U. Golnitz, et al., Glucosylsphingosine is a highly sensitive and 
specific biomarker for primary diagnostic and follow-up monitoring in Gaucher 
disease in a non-Jewish, Caucasian cohort of Gaucher disease patients, PLoS One 8 
(11) (2013), e79732. 

[15] P. Kaplan, H. Baris, L. De Meirleir, M. Di Rocco, A. El-Beshlawy, M. Huemer, A. 
M. Martins, I. Nascu, M. Rohrbach, L. Steinbach, et al., Revised recommendations 
for the management of Gaucher disease in children, Eur. J. Pediatr. 172 (4) (2013) 
447–458. 

[16] J. Charrow, J.A. Esplin, T.J. Gribble, P. Kaplan, E.H. Kolodny, G.M. Pastores, C. 
R. Scott, R.S. Wappner, N.J. Weinreb, J.S. Wisch, Gaucher disease: 
recommendations on diagnosis, evaluation, and monitoring, Arch. Intern. Med. 
158 (16) (1998) 1754–1760. 

Fig. 1. Biomarker values in (A) Patient 1 and (B) Patient 2. Vertical dotted line denotes start of treatment with ERT.  

A.R. Stiles et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0005
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0005
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0005
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0010
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0010
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0010
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0010
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0015
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0015
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0020
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0020
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0020
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0025
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0025
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0025
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0025
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0030
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0030
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0030
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0030
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0035
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0035
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0035
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0040
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0040
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0040
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0040
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0045
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0045
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0045
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0050
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0050
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0055
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0055
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0060
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0060
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0060
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0060
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0060
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0065
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0065
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0065
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0065
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0070
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0070
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0070
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0070


Molecular Genetics and Metabolism Reports 27 (2021) 100729

4

[17] M. Balwani, L. Fuerstman, R. Kornreich, L. Edelmann, R.J. Desnick, Type 1 
Gaucher disease: significant disease manifestations in “asymptomatic” 
homozygotes, Arch. Intern. Med. 170 (16) (2010) 1463–1469. 

[18] D. Arkadir, T. Dinur, S. Revel-Vilk, M. Becker Cohen, C. Cozma, M. Hovakimyan, 
S. Eichler, A. Rolfs, A. Zimran, Glucosylsphingosine is a reliable response 
biomarker in Gaucher disease, Am. J. Hematol. 93 (6) (2018) E140–e142. 

[19] N. Hurvitz, T. Dinur, M. Becker-Cohen, C. Cozma, M. Hovakimyan, S. Oppermann, 
L. Demuth, A. Rolfs, A. Abramov, A. Zimran, et al., Glucosylsphingosine (lyso-Gb1) 
as a biomarker for monitoring treated and untreated children with gaucher disease, 
Int. J. Mol. Sci. (2019) 20(12). 

[20] J. Beasley, P. McCaw, H. Zhang, S.P. Young, A.R. Stiles, Combined analysis of 
plasma or serum glucosylsphingosine and globotriaosylsphingosine by UPLC-MS/ 
MS, Clin. Chim. Acta 511 (2020) 132–137. 

[21] H. Zhao, G.A. Grabowski, Gaucher disease: perspectives on a prototype lysosomal 
disease, Cell. Mol. Life Sci. CMLS 59 (4) (2002) 694–707. 

[22] C. Fairley, A. Zimran, M. Phillips, M. Cizmarik, J. Yee, N. Weinreb, S. Packman, 
Phenotypic heterogeneity of N370S homozygotes with type I Gaucher disease: an 
analysis of 798 patients from the ICGG Gaucher registry, J. Inherit. Metab. Dis. 31 
(6) (2008) 738–744. 

[23] D. Elstein, A. Abrahamov, A. Dweck, I. Hadas-Halpern, A. Zimran, Gaucher disease: 
pediatric concerns, Paediatr. Drugs 4 (7) (2002) 417–426. 

[24] P.K. Mistry, M.D. Cappellini, E. Lukina, H. Ozsan, S. Mach Pascual, H. Rosenbaum, 
M. Helena Solano, Z. Spigelman, J. Villarrubia, N.P. Watman, et al., A reappraisal 
of Gaucher disease-diagnosis and disease management algorithms, Am. J. Hematol. 
86 (1) (2011) 110–115. 

[25] A.C. Yang, L. Bier, J.R. Overbey, J. Cohen-Pfeffer, K. Desai, R.J. Desnick, 
M. Balwani, Early manifestations of type 1 Gaucher disease in presymptomatic 
children diagnosed after parental carrier screening, Genet. Med. 19 (6) (2017) 
652–658. 

[26] L. van Dussen, E.J. Hendriks, J.E. Groener, R.G. Boot, C.E. Hollak, J.M. Aerts, Value 
of plasma chitotriosidase to assess non-neuronopathic Gaucher disease severity and 
progression in the era of enzyme replacement therapy, J. Inherit. Metab. Dis. 37 (6) 
(2014) 991–1001. 

[27] A. Vellodi, Y. Foo, T.J. Cole, Evaluation of three biochemical markers in the 
monitoring of Gaucher disease, J. Inherit. Metab. Dis. 28 (4) (2005) 585–592. 

[28] A. Tylki-Szymanska, P. Szymanska-Rozek, P. Hasinski, A. Lugowska, Plasma 
chitotriosidase activity versus plasma glucosylsphingosine in wide spectrum of 
Gaucher disease phenotypes - a statistical insight, Mol. Genet. Metab. 123 (4) 
(2018) 495–500. 

[29] M.A. Cabrera-Salazar, E. O’Rourke, N. Henderson, H. Wessel, J.A. Barranger, 
Correlation of surrogate markers of Gaucher disease. Implications for long-term 
follow up of enzyme replacement therapy, Clin. Chim. Acta 344 (1–2) (2004) 
101–107. 

[30] D. Elstein, B. Mellgard, Q. Dinh, L. Lan, Y. Qiu, C. Cozma, S. Eichler, T. Bottcher, 
A. Zimran, Reductions in glucosylsphingosine (lyso-Gb1) in treatment-naive and 
previously treated patients receiving velaglucerase alfa for type 1 Gaucher disease: 
data from phase 3 clinical trials, Mol. Genet. Metab. 122 (1–2) (2017) 113–120. 

[31] T. Dinur, A. Zimran, M. Becker-Cohen, D. Arkadir, C. Cozma, M. Hovakimyan, 
S. Oppermann, L. Demuth, A. Rolfs, S. Revel-Vilk, Long term follow-up of 103 
untreated adult patients with type 1 Gaucher disease, J. Clin. Med. 8 (10) (2019). 

[32] W. Zhang, M. Oehrle, C.E. Prada, I.V.D. Schwartz, S. Chutipongtanate, 
D. Wattanasirichaigoon, V. Inskeep, M. Dai, D. Pan, Y. Sun, et al., A convenient 
approach to facilitate monitoring Gaucher disease progression and therapeutic 
response, Analyst 142 (18) (2017) 3380–3387. 

[33] J. Beasley, P. McCaw, H. Zhang, S.P. Young, A.R. Stiles, Combined analysis of 
plasma or serum glucosylsphingosine and globotriaosylsphingosine by UPLC-MS/ 
MS, Clin. Chim. Acta 511 (2020) 132–137. 

[34] W.L. Chuang, J. Pacheco, D. Hoxha, G. Sanderink, C. Sung, Galactosylsphingosine 
does not interfere with the quantitation of plasma glucosylsphingosine levels in 
Gaucher patients, Clin. Chim. Acta 494 (2019) 48–51. 

[35] M. Fuller, J. Szer, S. Stark, J.M. Fletcher, Rapid, single-phase extraction of 
glucosylsphingosine from plasma: a universal screening and monitoring tool, Clin. 
Chim. Acta 450 (2015) 6–10. 

[36] M. Mirzaian, P. Wisse, M.J. Ferraz, H. Gold, W.E. Donker-Koopman, M. Verhoek, H. 
S. Overkleeft, R.G. Boot, G. Kramer, N. Dekker, et al., Mass spectrometric 
quantification of glucosylsphingosine in plasma and urine of type 1 Gaucher 
patients using an isotope standard, Blood Cells Mol. Dis. 54 (4) (2015) 307–314. 

[37] R. Sidhu, C.R. Mikulka, H. Fujiwara, M.S. Sands, J.E. Schaffer, D.S. Ory, X. Jiang, 
A HILIC-MS/MS method for simultaneous quantification of the lysosomal disease 
markers galactosylsphingosine and glucosylsphingosine in mouse serum, Biomed. 
Chromatogr. 32 (7) (2018), e4235. 

A.R. Stiles et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0075
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0075
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0075
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0080
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0080
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0080
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0085
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0085
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0085
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0085
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0090
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0090
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0090
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0095
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0095
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0100
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0100
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0100
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0100
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0105
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0105
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0110
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0110
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0110
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0110
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0115
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0115
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0115
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0115
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0120
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0120
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0120
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0120
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0125
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0125
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0130
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0130
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0130
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0130
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0135
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0135
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0135
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0135
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0140
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0140
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0140
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0140
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0145
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0145
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0145
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0150
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0150
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0150
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0150
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0155
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0155
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0155
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0160
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0160
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0160
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0165
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0165
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0165
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0170
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0170
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0170
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0170
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0175
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0175
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0175
http://refhub.elsevier.com/S2214-4269(21)00023-9/rf0175

	The role of glucosylsphingosine as an early indicator of disease progression in early symptomatic type 1 Gaucher disease
	1 Introduction
	2 Methods
	3 Case reports
	3.1 Patient 1
	3.2 Patient 2

	4 Discussion
	5 Conclusion
	Acknowledgements
	References


