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Abstract
Introduction: Gaucher’s disease (GD) is an autosomal-recessive lysosomal storage disorder that results from hereditary 
deficiency of the acid glucocerebrosidase enzyme, encoded by the GBA gene necessary for the degradation of glucosylceramide. 
Objective: molecularly characterize the variants found in the GBA gene present in patients from the Southwest of Colombia 
with GD.
Material and methods: 19 patients were included in the study, clinically and enzymatically diagnosed with GD. A molecular 
analysis of the GBA gene was performed and the variants were subsequently searched in different population and clinical databases. 
A bioinformatic analysis was performed.
Results: The variants in the GBA gene reported were classified into: 14/19 homozygous patients, 4/19 compound heterozygote 
and 1/19 heterozygous. The presence of 7 variants coding for 8 different genotypes was reported. Also the known mutations 
like Asn409Ser, p.Leu483Pro, p.Lys237Glu, p.Glu427Lys, and p.Arg535His were identified in these patients. The most frequent 
genotype was p. Asn409Ser / Asn409Ser (36%). All the variants presented a pathogenic clinical significance. 
Conclusion: The given study will make it possible to understand the susceptibility to GD in the population. This can help maintain 
the health quotient of the population through premarital counseling and therefore minimize the burden of disease among the 
population.
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Introduction

Gaucher disease (GD) (MIM # 230800, 230900, 231000; CIE-
10 E75.2; ORPHA: 355) is one of the most frequent lysosomal 
storage disorders, with an inheritance of autosomal recessive 
type, caused by a mutation or variants in the GBA gene located 
in the chromosome 1 in a region designated q21. This disease 
is characterized by a partial or total deficiency of the enzyme 
beta-glucocerebrosidase (acid β-glucosidase) which is necessary 
to degrade a type of lipid known as glucosylceramide, which, as 
a consequence of the enzymatic deficit, it is accumulated in the 
body, predominantly in the liver, spleen and bone marrow.[1,2]

GD has a pan-ethnic distribution with cases described 
worldwide. In the Ashkenazi Jewish (AJ) population, incidence 
has been found (1/1,000) and GD is not considered a rare disease.
[3,4] Studies by Nalysnyk et al. (2017) found that the estimate 
of incidence at birth, in communities with mixed ancestry, 
varies from 1 case per 17,421 live births (LB) in Austria, and 

to 1 case per 256,410 LB in Canada.[5] Orphanet reports a 
prevalence in Europe of about 1 case per 100,000 population.[6] 
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In Colombia, according to the Colombian Association of 
Patients with Lysosomal Storage Diseases – ACOPEL, by its 
Spanish initials –, the estimated prevalence of GD is 1 per 
266,441 inhabitants.[7] The studies carried out by Uribe et al. 
(2013), in which 4,700 patients with suspected alterations in 
lysosomal metabolism were evaluated, reported 101 patients 
affected by GD.[8] In the last report made by Puentes-Tellez et al. 
(2020) in a Colombian study carried out in 32,940 individuals: 
3,834 (11.6%) evaluated with the classical methods (urine / 
serum / whole blood analysis) and 29,106 (88.4%) evaluated in 
dried blood samples (since 2005), a total of 196 patients affected 
with GD were reported.[9] However, exact figures are not yet 
available on the incidence and prevalence of this disease, since, 
lack of knowledge, clinical heterogeneity, or difficult diagnosis, 
it is an under-diagnosed disease in Colombia, even though the 
GD is included in the list of 2,198 Orphan Diseases (OD) in 
the country according to Resolution 5265 of 2018.[7]

More than 460 pathogenic mutations have now been 
identified in GBA gene but the most commonly occurring 
mutations like- p.Asn409Ser (p.Asn370Ser according to the 
old nomenclature), IVS2, 84GG, p.Leu483Pro (p.Leu444Pro, 
according to the old nomenclature) and c.84dupG (84GG) 
are responsible of approximately 96.5% of the GD in the AJ 
population in the Western Hemisphere, and approximately 
50% -60% in non-Jewish populations . The mutation c.1448T>C 
(Leu444Pro) is pan-ethnic.[1,10]

The low expression of GBA gene determines the heterogeneous 
clinical manifestations of the disease.[1-2] Currently, GD is 
classified into 3 basic types depending on the presence and 
severity of neurological involvement. Type 1 GD (GD1) is the 
most frequent and it is characterized by its extreme heterogeneity 
which includes asymptomatic or more severe presentations. 
GD1 is distinguished by the absence of primary neurological 
involvement. The accumulation of glucosylceramide in 
visceral organs generates splenomegaly in 90% of patients and 
hepatomegaly in between 60-80% of those affected with the 
disease. Consequently, the decrease of the concentration of red 
blood cells and thrombocytopenia is frequent. likewise, about 
50% of the patients suffer from chronic fatigue which often 
impacts their daily activity and their socio-professional activities.
[11] Otherwise, the Type 2 GD (GD2) and Type 3 GD (GD3) are 
associated with neurological affectation that can become serious. 

Traditionally, the diagnosis has been made through a clinical 
examination accompanied by a biochemical study measuring 
the levels of the activity of the enzyme B-Glucocerebrosidase 
in peripheral blood leukocytes.[12] However, enzymatic studies 
do not allow the distinction between healthy individuals and 
carriers; it is for this reason that nowadays an analysis of specific 
variants to the gene of interest is being carried out, or adopting 
the use of molecular techniques such as the sequencing of the 
complete exome for effects of phenotype-genotype associations 
and broader knowledge about the variants associated to the 
disease.[12-13] As for treatment, therapeutic approaches such 
as Enzyme Replacement Therapy (ERT) offers a secure therapy 

for GD patients with 3 different available enzymes worldwide: 
Imiglucerase (Sanofi-Genzyme) Velaglucerasa alfa (Takeda 
pharmaceuticals) and taliglucerase alfa, which is plant-cell 
derived that can be produced on a large scale at lower cost 
expressed.[3]

The present study aims to characterize molecularly the 
variants of the GBA gene in patients from Southwest of Colombia 
to recognize which ones are commonly circulating and to 
understand the genotypic effect on the phenotype of these 
patients.

Method

Type of Study

An observational, descriptive, transversal, and prospective 
study was conducted, in which 19 patients from southwest of 
Colombia, diagnosed clinically and enzymatically with GD 
accepted to participate in the study, with prior informed consent. 
An analysis of the medical records of patients with GD was 
previously carried out.

Inclusion Criteria

We included patients with GD of all ages who had a result of 
molecular diagnosis. Patients and relatives who signed the 
respective consent and assent informed.

Exclusion Criteria

Patients without molecular diagnosis of Gaucher disease

Sequencing

To identify the variants in each patient, peripheral blood samples 
were previously taken and sent to analyze. DNA was isolated 
using the standard salting-out method and quantified using 
a QIAxpert (Qiagen). The DNA samples were purified using 
The Genomic DNA Clean & Concentrator™-25 (DCC™) Kit 
and were stored at −20 °C until investigated. The GBA gene was 
analyzed to polymerase chain reaction amplification (PCR) and 
sequencing of the entire coding region as well as the highly 
conserved (exon-intron) junctions in genomic DNA according 
to the CENTOGENE laboratory indications. The GBA gene 
reference sequence is: NM_000157.3. Each amplified product 
was analyzed by a standard fluorescent sequencing protocol in 
both the forward and reverse direction. Full sequencing analysis 
of the GBA gene detects approximately 99% of disease-causing 
mutations (http://www.ncbi.nlm.nih.gov/sites/GeneTests). Only 
the coding regions of the GBA gene and immediate flanking 
intron sequences were examined. Changes in the promoter 
region, farther into the intronic regions, or in other noncoding 
regions of the gene would not be identified. A minimum coverage 
of >20x was obtained for each amplicon.
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Analysis of Data

The analysis of the obtained sequence was performed with the 
bioinformatic program SeqScape Software v3 (TermoFisher 
Scientific) and the annotation of the obtained variants was 
developed with the program Alamut VisualTM (Interactive 
Biosoftware). The identification of the variants of interest was 
carried out concerning the reference genome (hg19).

The used reference databases were the population databases 
dbSNP, 1000genomes, EXAC and gnomAD, the clinical databases 
Human Gene Mutation Database (HGMD version 2019.4) 
ClinVar and LOVD, specific databases of the disease, if applicable, 
and some own Reference Laboratory Genetics databases.

Bioinformatic Analysis 

With the bioinformatic programs Mutation Taster, SIFT, Human 
Splicing Finder, UMD-Predictor, Provean, SNPeffect, SNPs3D and 
PolyPhen2, bioinformatic analysis was carried out to evaluate the 
possible impact of the variants of interest on the protein structure 
and functionality and to predict the impact on the protein of 
amino acid substitutions. The classification of the variants was 
made based on the recommendations of the American College 
of Medical Genetics and Genomics (ACMG).[10]

Interaction Network

Finally, a gene interaction network of the GBA gene was carried 
out through STICH 5 program to determine close associations 
with other genes that allowed determining physical interactions, 
levels of co-expression and use of medications related to the 
indicated treatment.

Bioethical Aspects

The Ethics committee of the Universidad Santiago de Cali 
approved the study, and it was performed in accordance with 
the tenets of the World Medical Association Declaration of 
Helsinki. the level of this research has been categorized with 
a minimal risk since it presents a low risk of physical harm to 
the participants as it is a retrospective study of review results.

Confidentiality of data: The authors state that no patient data 
appear in this article, and they have followed the protocols of 
their center of work.

Right to privacy and informed consent: The authors declare 
that there is no personal data of patients in this article; it was 
obtained the corresponding consent and informed assent for 
the patients’ samples processing, and confidential data use by 
the patient’s legal representative.

Results

The patients included in the study presented hepatomegaly (52,6 %), 
splenomegaly (73,6%), anemia (57,8%), and thrombocytopenia 
(42,1%) with or without any bone abnormality. Table 1 covers 
the clinical details of the patients. Adult patients never had any 
symptoms in childhood. The review of the clinical history of 
each patient, allowed to find specifically that: Patient 3 presented 
a report of hepatosplenomegaly and grade III hepatic steatosis; 
In addition, a limitation of gait was confirmed, associated with 
left hemiparesis, retractions in general and appearance of bone 
necrosis. This patient had a slight delay in neurodevelopment 
and does not have sphincter control.

Table 1. Clinical details profile of patients from Southwest of Colombia with Gaucher disease.

Patient ID P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19

Age 4 3 6 15 45 23 42 56 52 37 22 55 59 58 25 50 71 17 36

Sex M M F F M M M M F M F F M M M F F M F

Decreased enzyme 
activity x x x x x x x x x x x x x x x x x x x

Generalized Weakness

Splenomegaly x x x x x x x x x x x x x x

Hepatomegaly x x x x x x x x x x

Hematolical 
abnormalities

Anemia x x x x x x x x x x x

Thrombocytopenia x x x x x x x x

Cytopenia x x

Bone marrow analysis x x x x x x

Bone abnormalities

Difficulty in walking x x x x

Avascular necrosis x x x x

Enzyme Replacement 
Therapy x x x x x x x x x x x x x x x x x

Abbreviation : F Female, M Male
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Table 2. Molecular characterization of the variants in the GBA gene found in 19 patients affected with Gaucher disease.

# Patient Exon affected nucleotide 
change protein change dbSNP Zygosity Bioinformatic 

Analysis

1 9 c.1226A>G p.Asn409Ser rs76763715 Homozygous pathogenic

2 10 c.1448T>C p.Leu483Pro rs421016 Homozygous pathogenic

3 9 c.1279G>A p.Glu427Lys rs149171124 Homozygous pathogenic

4 9 c. 1226A>G p.Asn409Ser rs76763715 Homozygous pathogenic

5 9 c. 1226A>G p.Asn409Ser rs76763715 Homozygous pathogenic

6 9 c.1226A>G p.Asn409Ser rs76763715 Homozygous pathogenic

7 10 c.1448T>C p.Leu483Pro rs421016 Homozygous pathogenic

8 9 c.1226A>G p.Asn409Ser rs76763715 Homozygous pathogenic

9 6 c.709A>G p.Lys237Glu rs77340931 Homozygous pathogenic

10 9 c.595_596del 
c.1226A>G

p.Leu199Aspfs*62 
p.Asn409Ser

rs74971446
Heterozygous pathogenic

rs76763715

11 12 9 c.595_596del 
c.1226A>G

p.Leu199Aspfs*62 
p.Asn409Ser

rs74971446
Homozygous pathogenic

rs76763715

12 9 c. 1226A>G p.Asn409Ser rs76763715 Homozygous pathogenic

13 9 c.1093G>A p.Glu365Lys rs2230288 Homozygous pathogenic

14 9 c.1093G>A p.Glu365Lys rs2230288 Homozygous pathogenic

15 9 10 c.1226A>G 
c.1448T>C

p.Asn409Ser 
p.Leu483Pro

rs76763715 
rs421016 Heterozygous pathogenic

16 NR c.1604G>A p.Arg535His rs75822236 Heterozygous pathogenic

17 7 12 c.709A>G 
c.1604G>A

p.Lys237Glu 
p.Arg535His

rs77340931 
rs75822236 Heterozygous pathogenic

18 9 c.1226A>G p.Asn409Ser rs76763715 Homozygous pathogenic

19 7 c.709A>G p.Lys237Glu rs77340931 Homozygous pathogenic

Not reported : NR

Patients 4,5,6 and 7 are part of the same family group, with 
a family history of anemia and bone necrosis. Patients 5 and 
7 presented decreased enzyme activity values, without any 
associated symptoms. Patient 4 was diagnosed with bicytopenia, 
perivascular dermatitis, erythema nodosum in the lower limbs 
and severe dilatation of the blood vessels of the lower limbs. The 
total abdominal ultrasound performed on patient 6 revealed a 
liver of normal size, shape, and contour; however, a thick 9.0 
mm calcification was observed in segment V of the right lobe 
of the liver.

Patient 17 presented symptoms consisting of severe anemia 
after the age of 60, the enzymatic tests presented very low 
concentration values, for which the diagnosis was made.

Patients 10-11, 14-15 and 17-18 make up three different 
family groups.

The pelvis MRI report of the patient 19 revealed 
hyperintensities over the upper shaft of the right femur along 
with changes in pelvic floor muscles. 

Only two patients did not receive ERT at the time of the 
study due to technical difficulties of the health service.

In the molecular diagnosis of 19 patients clinically and 
enzymatically diagnosed with GD, 11 male patients (57.8%) were 
found with an age range between 4 and 71 years. Additionally, it 
was possible to determine the affected exons, nucleotide changes, 
protein changes and respective zygosity (14/19 homozygous; 

4/19 heterozygous compounds; 1/19 heterozygous) in each of 
the patients (Table 2).

A single variant (p.Arg535His) in a heterozygous status was 
found in an affected patient. Patients P1, P4, P5, P6, P8, P12, 
P18 were found to carry a homozygous copy of c.1226A>G 
p.Asn409Ser variant in exon 9 of GBA gene (Table 2).

Overall, we have identified 23 alleles with GBA variants. 
From the seven variants found, specifically the p.Asn409Ser 
(10/23 alleles), the p.Leu483Pro (3/23 alleles), and the p.Lys237Glu 
(3/23 alleles) are present in 69.5% of the alleles. 

About the genotype frequency, the homozygous variant 
p.Asn409Ser / p.Asn409Ser was found in 36%, followed by the 
homozygous variants p.Leu483Pro / p.Leu483Pro; p.Lys237Glu 
/ p.Lys237Glu; p.Glu365Lys / p.Glu365Lys each found with a 
frequency of 10% (Table 3).

The bioinformatic analysis of all the variants found through 
the bioinformatics software described a pathogenic clinical 
significance in all the cases and established the functional effects 
of the variants identified; these variants have been identified in 
previously published data (dbSNP code). 

The gene interaction network allowed observing close 
associations between the GBA gene and the PSAP, SCARB2 and 
LAMP2 genes; all with functions related to vacuolar locations, 
lysosomal and vacuolar lumen associated instructions, vacuolar 
and lysosomal membranes (Figure 1).
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Table 3. Genotypic frequency found in patients diagnosed with GD.

Genotype Frequency

p.Asn409Ser/p.Asn409Ser 0.36 (7/19)

p.Leu483Pro/p.Leu483Pro 0.10 (2/19)

p.Glu427Lys/p.Glu427Lys 0.05(1/19)

p.Lys237Glu/p.Lys237Glu 0.10 (2/19)

p.Leu199Aspfs*62 / p.Asn409Ser 0.10 (2/19)

p.Glu365Lys/p.Glu365Lys 0.10 (2/19)

p.Asn409Ser/p.Leu483Pro 0.05(1/19)

p.Arg535His 0.05(1/19)

p.Lys237Glu/ p.Arg535His 0.05(1/19)

Figure 1. Interaction network between the GBA gene and associated genes [Elaboration: Own source, STICH 5].

Discussion

Patients enrolled in this study exhibited clinical presentations 
like hepatosplenomegaly, with anemia, and bone manifestations 
in some of them, this generally occurs in GD with a prevalence 
in more than 90% of cases.[10] Hepatosplenomegaly occurs 
when Gaucher cells are accumulated in the liver and spleen, 
resulting in an abnormal increase in their size. In some cases, 
spleen size may be as much as 15 times larger than normal. This 
enlargement generally causes abdominal distension and pain, 
this being an alarm sign to identify the disease.

With respect to ERT, the median age of initiation of treatment 
is earlier in Latin America than in the rest of the world (16 vs. 27 
years). In 77% of the patients, treatment started below 17 years old,  
according to the ICGG data[14]; This therapy has successfully 
modified the phenotype of patients with GD, which is why it 
constitutes the treatment of choice, with a positive impact on 
the quality of life of these patients. In the case of the patients 
in the present study, only 2 patients do not have ERT to date 
due to delays in the health system, however, all continue to be 
monitored and followed up by the treating physicians.[14-15]



Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

J. inborn errors metab. screen.6
﻿

On the other hand, the different variants reported in the 
GBA gene sometimes make the molecular study of the patients 
difficult; nevertheless, the molecular analysis of the GBA gene in 
the present work allowed identifying the genotype of 19 patients 
of the Colombian southwest with GD.

Bioinformatic analysis using in-silico technology that 
predicts the probability of damage generated by an amino acid 
SNP in the structure and function of a protein, in each of the 
variants found, demonstrated a possibility of complete damage 
to the GBA protein in each one of the cases. These tools predict 
whether an amino acid substitution affects protein function 
based on sequence homology and the physical properties of 
amino acids, which indicates through experiment means that 
changes in the protein have a potential effect that generates 
damage to functions.

The different variants may be more represented ethnic 
groups, as well as phenotypes. The first variant reported in 
GD was p. Leu483Pro.[16] The most common one identified 
in Romanian patients is p. Asn409Ser.[19] The most common 
among AJ patients is c.1226A <G (p.Asn409Ser) followed by 
c.84dupG (84GG), which is more rare.[17] The change c.115 + 
1G> A (IVS2 + 1), c.1504C> T p. (Arg463Cys) and c.1604G> A 
(p.Arg496His) is commonly found in AJ patients with GD1. In 
contrast, the variant p.Asn409Ser is rarely found among Chinese 
and Japanese patients.[18]

It has been found that different variants may lead to different 
phenotypes of GD. The variant p.Asn409Ser is only associated 
with GD1, and it seems to be protective for the development of 
the characteristic neurological affectation of GD2 and GD3. 
Patients who are homozygous for the p.Asn409Ser variant may 
also remain asymptomatic for the disease. In the present study, 
the patients who were homozygous for this variant shared some 
symptoms such as splenomegaly and anemia, however, according 
to the degree of the disease, some showed more affection than 
others, some being asymptomatic until adulthood, so an exact 
phenotype-genotype correlation is not possible.[17,18] 

On the other hand, the variant p.Leu483Pro is generally 
associated with GD2 and GD3 even when it appears in a 
compound heterozygous state.[19] The homozygous variant 
p.Leu483Pro / Leu483Pro without recombinant alleles can be 
associated with very severe phenotypes, but also milder ones. 
Therefore, no specific phenotype-genotype relationship has 
been defined thus far.[20] Giraldo et al. (2000) showed the high 
prevalence of the p.L483P in Spanish patients which suggested 
Hispanic ancestry among patients with this mutation.[21] 
According to studies conducted by Wilches et al. (2006), this is 
the most frequent mutation, among other GBA mutations, in the 
Colombian population, more specifically in the Cundinamarca 
and Boyacá regions.[22] In our case, the two patients who 
presented this variant in a homozygous state showed a mild 
phenotype; one of them presented alterations in the bones and 
splenomegaly, while the other did not present any clear symptoms 
and only enzymatic tests with decreased values were found.

Pomponio et al. (2005) described GBA mutations from 
25 Colombian patients with GD. These mutations were 
c.595_596delCT, c.898delG and c.1255G > C in exons 6, 7, and 
9 of the GBA gene, respectively. In addition, they found a double 
mutation (p.Leu483Pro + p.Glu427Lys) in three patients with GD 
type I, they showed that 63.1% of the mutated alleles corresponded 
to the variants p.Asn409Ser and p.Leu483Pro, with 36.9% of 
alleles in which a variant has been detected with less frequency 
[23]. In our case, 43% of the mutated alleles corresponded to 
the variant p.Asn409Ser and 13% to p.Leu483Pro, confirming 
that both variants continue to present a high circulation among 
affected patients (56%).

Considering the literature on the pathogenicity of the 
p.Glu427Lys variant (also known as E388K), contradictory 
results have been found since it has been identified in the control 
population and previous studies conducted on patients with GD. 
According to the bioinformatic tools used in the present study, 
this variant was reported in one case and characterized with 
significance as a pathogenic clinic; likewise, in investigations 
carried out by Kumar et al. (2012), this variant in the GBA 
gene has been associated with the risk of Parkinson’s Disease 
(PD).[24-26]

On the other hand, the variant p. Lys237Glu has been 
reported in a low prevalence associated with GD. In this study, 
two homozygous patients were found for this variant. The 
research carried out by Goker-Alpan et al. (2003) reported 
the presence of this variant in a 16-month-old female patient 
with a molecular diagnosis of GD2, who presents phenotype 
p. Lys237Glu/ Lys237Glu; the research described the patient 
with severe organomegaly, horizontal supranuclear paralysis, 
cherry-red spots in the eyes, and myoclonic seizures refractory 
to conventional antiepileptic therapy. High-dose ERT was 
used, and the efficacy of ERT began soon after the diagnosis 
was limited to the correction of hematological parameters.[27]

The variant p.Leu199Aspfs*62 / p.Asn409Ser was found in two 
of the patients in this study. Pomponio et al. (2005) previously 
reported new GBA variants in 25 Colombian patients with 
GD. These variants were c.595_596delCT (p.Leu199Aspfs*62), 
c.898delG and c.1255G> C in exons 6, 7, and 9 of the GBA gene, 
respectively; the presence of these variants was not entirely 
unexpected due to the unique genetic background of the 
Colombian population, as it has been observed in other diseases 
such as MPS IVA.[23,24] Specifically, their studies reported 
the variant p. Leu199Aspfs*62 / p.Asn409Ser in a patient from 
Cundinamarca, who presented splenomegaly, hepatomegaly, 
anemia, and thrombocytopenia.[29]

Regarding the homozygous variant p. Glu365Lys, it was 
found in two patients affected with GD in this study. Moore et 
al. (2019) reported the variant in a patient PD and dementia with 
Lewy bodies (LB). It should be pointed that although this patient 
met the biochemical (low GCas activities) and genetic criteria 
to be diagnosed with GD, she was clinically and pathologically 
referred to as affected by PD, so future studies will be necessary 
to determine the correct phenotype-genotype association.[30]
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The variant p.Arg535His was found in this study in a 
homozygous and heterozygous compound state in 2 patients; 
Siebert et al. (2012) reported this variant in 1/48 patients with 
GD who presented low GCase activity in leukocytes or fibroblasts 
or both and at least one allele causing disease not identified after 
the detection of common variants (N370S, L444P, 84insG, and 
IVS2þ1G> A).[31] It was also reported by Ruskey et al. (2018) in 
9/375 with moderate PD and phenotypic association of GD1.[32] 
If the clinical presentation of the patient is due to this mutation 
in state heterozygous, raises the paradigm of a behavior with 
inheritance mechanism dominant or the presence of other 
alterations in the gene allele, requiring further investigation 
biochemical and molecular tests for genotype-phenotypic 
correlation and genetic counseling suitable.

Finally, from the GBA-based gene interaction network, a 
close relationship between some of them can be determined, 
maintaining a high genetic interaction, which could possibly lead 
to specific phenotypes related to the observed phenotype and the 
clinical manifestations that they occur in patients with GD.[33]
These networks make it possible to demonstrate the natural 
function of each of the genes, necessary for the development of 
biological processes such as catabolism and lipid metabolism. 
This is how the close interaction of the GBA gene with nearby 
genes such as PSAP, LAMP2 and SCARB2 generates that a 
specific damage in one of these genes alters the activity of the 
others, giving rise to side effects in the organism.[34]

It has been widely discussed that the main activator of 
β-glucocerebrosidase, saposin C, is encoded by the prosaposin 
gene (PSAP) located at the 10q21-22 locus; Saposin C is an 
established activator for the hydrolysis of glucosylceramide by 
GCase in lysosomes, however, the mechanism by which Saposin 
C promotes lysosomal hydrolysis is not fully understood.[34]

Nowadays it is recognized that PSAP conditions cause 
alterations in GBA activity, giving rise to typical signs such as 
hepatosplenomegaly and neurological compromise, being related 
to GD type 2 [35], which has led to the search for modifiers of 
disease that may alter the GD phenotype. In humans, saposin 
C deficiency due to mutations in PSAP results in an GD-like 
phenotype, despite having normal in vitro glucocerebrosidase 
activity values. Saposin C deficiency has also been shown to 
modify the phenotype in murine GD models.[34]

Transcription factors responsible for the differential 
expression of the GBA gene in specific tissues include proteins 
such as OCTA, AP-1, PEA3, and CAAT. Deficiencies in the genes 
encoding lysosome-associated membrane proteins (LAMP-
1 and LAMP-2) and involved in the intracellular transport 
of glucosylcerebrosidase from the endoplasmic reticulum to 
lysosomes may also be present in patients with GD.[36-37] 
Studies by Kurzawa-Akanbi et al. (2012) reported that carriers of 
pathogenic GBA mutations demonstrated a significantly reduced 
level of GCase protein and enzymatic activity and retention of 
glucocerebrosidase isoforms within the endoplasmic reticulum 
(ER), which was associated with an increased expression of 
the lysosomal markers LAMP1 and LAMP2, although the 

expression of ATP13A2 and cathepsin D was reduced, together 
with the decrease in cathepsin D activity, so understanding the 
way in which genes close to GBA interact will allow a better 
understanding of phenotypic and genotypic characteristics in 
affected patients.[38]

Conclusions 

The given study reports 19 patients with GD with all mutations 
clustered in exon 8 and 10. Also, the study contributes seven 
variants to the spectrum of GBA gene mutations along with 
providing knowledge about the prevalence of most common GBA 
gene mutation c.1226A>G p.Asn409Ser in a general Colombian 
population. This can help in maintaining population health 
quotient by doing pre-marital counseling and hence minimizing 
the disease burden amongst the population. In view of milder 
clinical manifestation during adult GD, differential diagnosis of 
GD needs to be suspected in patients with unexplained anemia, 
pancytopenia and/or hepato/splenomegaly. 

Research, diagnosis, and treatment of GD in Colombia 
holds a great potential given the amount of studies done for this 
disorder. Knowledge about this disease opens an opportunity 
develop novel treatments, to improve existing ones, and to 
strengthen the basic and clinical research of GD in our country.
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