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A B S T R A C T

Background: Mutations in the glucocerebrosidase (GBA) gene are an important risk factor for Parkinson's disease
(PD). However, most GBA genetic studies in PD have been performed in patients of European origin and very few
data are available in other populations.
Methods: We sequenced the entire GBA coding region in 602 PD patients and 319 controls from Colombia and
Peru enrolled as part of the Latin American Research Consortium on the Genetics of Parkinson's disease (LARGE-
PD).
Results: We observed a significantly higher proportion of GBA mutation carriers in patients compared to healthy
controls (5.5% vs 1.6%; OR=4.3, p=0.004). Interestingly, the frequency of mutations in Colombian patients
(9.9%) was more than two-fold greater than in Peruvian patients (4.2%) and other European-derived popula-
tions reported in the literature (4–5%). This was primarily due to the presence of a population-specific mutation
(p.K198E) found only in the Colombian cohort. We also observed that the age at onset was significantly earlier in
GBA carriers when compared to non-carriers (47.1 ± 14.2 y vs. 55.9 ± 14.2 y; p=0.0004).
Conclusion: These findings suggest that GBA mutations are strongly associated with PD risk and earlier age at
onset in Peru and Colombia. The high frequency of GBA carriers among Colombian PD patients (∼10%) makes
this population especially well-suited for novel therapeutic approaches that target GBA-related PD.

1. Introduction

Parkinson's disease (PD) is a complex neurodegenerative disease
arising from the loss of dopaminergic neurons in the substantia nigra
pars compacta and other brainstem nuclei. Although the definitive
etiological cause of the vast majority of cases is still unknown, PD likely

originates from a complex interaction between aging, genetics, and
environmental factors.

Genetic studies have identified more than a dozen “causal” genes and
over 40 susceptibility loci for PD, highlighting the complexity of this
disorder [1]. Among the susceptibility loci, mutations in the glucocer-
ebrosidase (GBA) gene, which cause autosomal recessive Gaucher's
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disease (GD), are the strongest risk factors for PD and confer a 3–6 fold
increase in PD risk [2,3]. However, mutation frequencies and distribu-
tion vary greatly between populations. For example, p.L444P (rs421016)
and p.N370S (rs76763715) are the most common mutations in most
populations, however the combined frequency of these two mutations
ranges from approximately 15% of PD patients and 3% of controls among
Ashkenazi Jews, to 3% of PD patients and less than 1% of controls in
non-Ashkenazi Jewish populations [2]. Additionally, a genome-wide
association study (GWAS) and a meta-analysis of several GWAS showed
that a common GBA polymorphism (p.E326K, rs2230288) significantly
increases PD risk [4], despite the fact that is not considered “pathogenic”
because it does not cause GD [5]. PD patients who carry GBA pathogenic
mutations, or the p.E326K risk polymorphism, tend to have a sig-
nificantly earlier age at onset (AAO) of motor symptoms [2,3], more
rapid cognitive decline with a greater effect on working memory/ex-
ecutive function and visuospatial abilities [6,7], and more pronounced
postural instability and gait difficulty (PIGD) [6]. Thus, it is widely ac-
cepted that GBA pathogenic mutations and some polymorphisms (such as
p.E326K) not only modify PD risk but also influence the heterogeneity in
symptom progression of PD patients.

Most studies assessing GBA-related PD risk have been performed in
European and Asian-derived populations, while very few studies have
been done in other populations such as Latinos.

The aim of the present study was to characterize the frequency and
distribution of GBA variants in a cohort of 602 PD patients and 319
healthy controls from Colombia and Peru, and to assess their role in
modifying risk and AAO of PD patients.

2. Material and methods

2.1. Participants

We screened a total of 602 unrelated PD patients and 319 healthy

controls recruited in Medellin, Colombia and Lima, Peru (Table 1). All
of the individuals from Peru were recruited through the standardized
protocol of the Latin American Research Consortium on the Genetics of
Parkinson's disease (LARGE-PD) without consideration of AAO. In
contrast, participants from Colombia were added post hoc to LARGE-PD
from a previous study with an enrollment bias for early-onset PD
(EOPD; defined as AAO < 50 yrs) (Table 1).

All patients were evaluated by a movement disorder specialist at
each site and met UK PD Society Brain Bank criteria for PD [8]. All
procedures were approved by the institutional review board at each site
and informed consent was obtained from all participants prior to their
enrollment in the study.

2.2. Mutation screening

Genomic DNA was extracted from peripheral blood using standard
techniques. We amplified the entire GBA gene in a single 7050-base-
pair fragment to avoid the amplification of the pseudogene
(Supplementary Table 1) and identify potential GBA-GBAP1 re-
combinants. Thereafter all 11 exons and intron-exon boundaries were
sequenced, as previously described (Supplementary Materials and
Supplementary Table 1) [7]. The sequencing success rate was 99.0%.
Variants were numbered according to standard nomenclature (http://
www.hgvs.org/mutnomen/) based on RefSeq NM_001005741.2 and
NP_001005741.1 accession numbers removing the first 39 amino acids
(Supplementary Table 2). A mutation was considered “pathogenic” if it
was previously reported in at least 1 patient with GD in homozygous or
compound heterozygous state or if it was predicted to have an obvious
deleterious functional effect (e.g., frameshift or nonsense mutations).
Previously published variants, such as p.E326K, which are not known to
cause GD, were classified as polymorphisms. Rare nonsynonymous
substitutions that have not been reported in GD patients were classified
as variants of unknown significance.

Table 1
Summary characteristics of the study population and logistic regression results for association between GBA variants and risk for PD.

Colombia Peru Combined cohort

PD CTRL OR
(95% CI) p

PD CTRL OR
(95% CI) p

PD CTRL OR
(95% CI) p

N 131 164 471 155 602 319
N males (%) 63 (49.2) 82 (50) 258 (54.8) 49 (31.8) 321 (53.6) 131 (41.2)
AAE, y

(Range)
64.6± 13.4
(28-92)

53.8± 14.1
(20-82)

62.1± 12.2
(18-90)

54± 12.8
(24-85)

62.6± 12.5
(18-92)

53.9± 13.5
(20-85)

AAOa, y
(Range)

49.3± 16.4
(9-82)

N/A 57.1± 13.2
(10-80)

N/A 55.4± 14.3
(9-82)

N/A

EOPD (%) 46.9 N/A 24.2 N/A 29.2 N/A
Pathogenic carriersb (%) 13 (9.9) 3 (1.8) 5.9

(1.5-23.7)
0.012

20 (4.2) 2 (1.3) 4.1
(0.9-18.6)
0.063

33 (5.5) 5 (1.6) 4.3
(1.6-11.5)
0.004

Pathogenic carriers + p.E326K (%) 15 (11.4) 4 (2.4) 6.2
(1.8-21.2)
0.003

23 (4.9) 2 (1.3) 4.5
(1.0-19.9)
0.048

38 (6.3) 6 (1.9) 4.2
(1.7-10.4)
0.002

Only p.K198Ec (%) 7 (6.0) 2 (1.3) 6.5
(1.2-36.3)
0.032

0 0 N/A 7 (1.3) 2 (0.6) 2.5
(0.5-13.6)
0.276

AAOd, y 50.2± 16.3 N/A - 57.4± 11.7 N/A - 55.9± 14.2 N/A -
AAOe, y 43.7± 17.1 N/A 0.08g 49.5± 11.6 N/A 0.005g 47.1± 14.2 N/A 0.0003g

AAOf, y 42.4± 16.2 N/A 0.04g 50.4± 11.7 N/A 0.0078g 47.2± 14.1 N/A 0.0002g

AAE=age at enrollment; AAO=age at onset; CI= confidence interval; CTRL= controls; EOPD=Early-Onset PD (≤50 years old); N= sample size; N/A=not
applicable; OR=odds ratio; PD = Parkinson's disease; y= years.

a AAO was missing for 2 Colombian cases and 5 Peruvian cases.
b mutation previously reported in at least one patient with Gaucher's disease.
c other GBA mutation carriers and p.E326K carriers were excluded from this analysis.
d AAO of non-GBA carriers (no mutations nor p.E326K).
e AAO of GBA mutation carriers.
f AAO of GBA variant carriers (mutations + p.E326K).
g AAO of GBA variant carriers (mutations + p.E326K).
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2.3. Statistical analysis

Logistic regression analysis assuming an additive model adjusted by
sex and age was used to test for association between PD and GBA pa-
thogenic mutations alone or in combination with the p.E326K risk
polymorphism. The t-test was used to examine the association between
GBA pathogenic mutations and AAO of motor symptoms. Analyses were
performed using Stata software (version 14.0; StataCorp LP, College
Station, TX).

3. Results

A total of 602 PD cases and 319 controls were included in this study
(Table 1; combined cohort). Age at enrollment was comparable be-
tween cohorts for both patients and controls individually. The AAO was
considerably earlier (∼8 years) in the Colombian PD patients compared
to the Peruvians, due to recruitment selection (see participants section).
We identified a total of 10 different pathogenic mutations, 8 variants of
unknown significance, and 3 nonsynonymous single nucleotide poly-
morphisms (SNPs) (Supplementary Table 2). Thirty-eight participants
carried pathogenic mutations; 35 of these individuals were single het-
erozygotes and three were compound heterozygotes (Supplementary
Table 3). Of the compound heterozygotes, two were PD patients who
carried a pathogenic mutation (p.L444P) and the p.E326K SNP, and one
was a control who carried a pathogenic mutation (p.K198E,
rs773409311) and a variant of unknown significance (p.E388K,
rs149171124) (Supplementary Table 2). Overall, the frequency of GBA
pathogenic mutations was significantly different between PD patients
(33/602; 5.5%) and healthy controls (5/319; 1.6%) in the combined
sample; OR=4.3 (1.6–11.5); p=0.004; Table 1). The frequency of
GBA pathogenic mutation carriers in the Colombian PD cohort (13/131;
9.9%) was more than double that observed among Peruvian PD patients
(20/471; 4.2%). The higher overall frequency in the Colombian sample
was driven by the presence of p.K198E, which was seen in more than
half of the cases (7 of 13) and two controls, but was absent in the
Peruvian cohort. It is noteworthy that while some common mutations in
European derived populations (e.g. p.L444P, p.N370S) were found in
both Colombian and Peruvian samples, their frequency varied between
the two populations (Supplementary Table 2). p.L444P was the most
common pathogenic variant (44.7%) in the combined cohort, and it was
especially frequent in Peru (65%; Fig. 1). The frequency of GBA pa-
thogenic mutations in healthy controls was similar in the Colombian
(3/164; 1.8%) and Peruvian (2/155; 1.3%) cohorts (Table 1). In addi-
tion to known pathogenic mutations, we also identified 3 nonsynon-
ymous SNPs: p.K(-27)R, p.E326K and p.T369M. Since p.E326K has been
shown to significantly increase PD risk [4], we repeated the analysis
including individuals with this SNP. When included, the association
between GBA variants and the risk of developing PD did not vary sig-
nificantly (Table 1). In the combined sample, the mean AAO of motor
impairment was significantly earlier in GBA pathogenic mutation car-
riers (∼8 years) compared to non-carriers (p=0.0003). The results did
not change significantly when including p.E326K carriers (Table 1).

4. Discussion

In this study, we sequenced the entire GBA coding region in a large
cohort of PD patients and healthy controls from two Latin American
countries, Colombia and Peru. Our results show that GBA carriers from
Colombia and Peru have a 6 and 4-fold increased risk for PD respec-
tively, comparable to previous studies of European-derived populations
[2]. However, the distribution and frequency of the variants identified
differed, both between the Colombian and Peruvian samples, and be-
tween these two cohorts and a non-Hispanic white cohort from the US
(Fig. 1) [7].

In our Colombian cohort, the frequency of PD cases with GBA pa-
thogenic mutations (9.9%) was higher than in our Peruvian cohort

(4.2%) and in previous studies of populations of European descent
(4–5%) [2,7], but lower than the frequencies reported in Ashkenazi PD
patients (∼20%) [2]. The high frequency in the Colombian sample
could be due to enrollment bias since any PD cohort with an earlier
AAO is more likely to have a larger proportion of GBA carriers. How-
ever, in our cohort we believe that the higher carrier prevalence is
primarily due to the presence of p.K198E, since the combined frequency
of all other mutations was very similar in Colombia (6/131; 4.5%) and
Peru (20/471; 4.2%). In fact. p.K198E alone accounted for more than
half of the GBA-related PD cases (54%). The remaining 46% of the
carriers had either p.L444P or p.N370S (Fig. 1). Among GBA carriers in
the Peruvian cohort, p.L444P was the predominant pathogenic muta-
tion (65%), p.N370S was rare (5%), perhaps due to the difference in
European ancestry between both populations. Three other pathogenic
mutations (p.R47X (rs-ID not available), p.R120W (rs439898),
p.R131C, (rs398123530) accounted for the remaining carriers (30%).
The overall frequency in our Colombian sample was similar to the one
reported in a Japanese PD cohort (9.4%) [9]. However, the distribution
of pathogenic mutations was quite different; in the Japanese study two
pathogenic mutations (p.R120W and RecNcil) accounted for more than
55% of all GBA-related PD cases. Thus, our results further demonstrate
that the spectrum and frequency of pathogenic mutations in GBA-re-
lated PD can vary substantially between populations.

Our study is the first to report that the pathogenic mutation
p.K198E, present in over 5% of our Colombian patients, increases PD
risk (OR=6.5, CI= 1.2–36.3; p=0.032, Table 1). This variant was
first identified in the homozygous state in an infant of Colombian
descent with severe type 2 GD who died at the age of 2.5 years [10]. A
study analyzing 25 Colombian GD patients reported three of them to be
compound heterozygous carriers of p.K198E and p.N370S [11]. None of
them presented with neurological abnormalities. Interestingly, all mu-
tation carriers were found in the same region of Northwest Colombia
(Antioquia) where Medellin is located and where our study participants
were ascertained. Inhabitants of Antioquia, and more specifically the
“paisa” population, constitute a genetically isolated community, sug-
gesting a possible founder effect which could explain the high fre-
quency observed for p.K198E in this population. A similar phenomenon
has been previously described for a pathogenic mutation (p.C212Y) in
the PRKN gene [12].

Only three other studies have assessed the frequency of GBA pa-
thogenic mutations in Latin American PD patients to date. Furthermore,
in all of these studies participants were only screened for the two most
common pathogenic mutations, p.N370S and p.L444P. In 2010, an as-
sociation study of 110 Brazilian PD patients and 155 Brazilian healthy
controls reported an over-representation of GBA pathogenic mutations
in the PD group compared with controls (5.4% vs 0%, p=0.0047)
[13]. This study identified two PD carriers for each mutation, p.N370S
and p.L444P, respectively. A second Brazilian study from 2013 ana-
lyzed 141 Brazilian PD patients (no healthy controls) and found three
p.L444P carriers (2.1%) and one p.N370S carrier (0.7%) [14]. Finally, a
study performed in 128 Mexican Mestizo (MM) early onset PD patients
(AAO<45 years old) and 252 healthy MM controls reported an excess
of p.L444P in the PD group (n=7, 5.5%) compared to controls (n=0,
p=0.014) [15], and p.N370S was entirely absent in all participants.
Overall, these data suggest that the frequency of p.N370S among PD
patients is low in populations with high Amerindian ancestry, such as
MM or Peruvians.

We also identified three nonsynonymous SNPs in our sample in-
cluding p.E326K, a common PD risk variant that occurs at a frequency
of 3.5–7% in European-derived populations [5,7]. p.E326K was rare in
our PD cohorts from Colombia and Peru (1.5% and 0.6% respectively)
suggesting that this variant has a lesser role in determining risk in these
populations.

The biological mechanism by which GBA pathogenic mutations in-
crease PD risk is still unclear. Interestingly, in populations of European
origin severe pathogenic mutations have a substantially higher effect on
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PD risk than mild mutations [16]. Furthermore, there is some evidence
of heterogeneity in the effects of different GBA variants on motor and
cognitive phenotypes in PD [7]. Whether similar genotype-phenotype
correlations will hold true in Latin America remains to be determined.
This issue might prove to be particularly complex if the distribution of
variants among local subpopulations varies substantially, as we ob-
served in our Peruvian and Colombian samples. Complete screening of
the GBA gene combined with detailed longitudinal motor and cognitive
assessments of large Latin American PD cohorts will be necessary to
address this question [7].

Our study supports the hypothesis that GBA pathogenic mutations
increase PD risk in Colombians and Peruvians, and suggests that novel
population specific mutations might await discovery in other Latin
American populations. It also highlights the importance of performing
additional studies in Latin American populations to better phenotypi-
cally characterize GBA carriers and assess whether or not they have a
poorer prognosis in terms of motor and cognitive performance.
Furthermore, the high frequency of GBA carriers among Colombian PD
patients makes this population especially attractive to study novel
therapeutic approaches that target GBA-related PD.
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