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Introduction

The genetic susceptibility factors for Parkinson’s disease
(PD) in non-European populations, including those from
Latin American countries, are unknown (Thomas and Beal
2007). The objective of this study was to explore the possible
association of polymorphisms in eight candidate genes with
PD in a Colombian sample. We analysed common polymor-
phisms in eight candidate genes (A2M, ACE, BDNF, COMT,
MAPT, SLC6A3, SLC6A4 andUCHL1) in a clinic-based sam-
ple of 104 PD patients and 136 controls from Colombia,
South America. We did not find significant allele or geno-
type associations for single markers. We found significant ev-
idence of gene–gene interactions for the markers in the A2M,
SLC6A4 andUCHL1 genes in our PD sample. This is the first
systematic study of multiple common genetic markers for PD
in Latin America. Further exploration of additional candidate
genes will be helpful to identify the precise variants related
to PD in non-European populations (Thomas and Beal 2007).

Parkinson’s disease is a common neurodegenerative dis-
order, clinically characterized by tremor, bradykinesia, rigid-
ity and postural instability, and neuropathologically by the
loss of dopaminergic neurons in the substantia nigra and the
presence of Lewy bodies (Thomas and Beal 2007). In recent
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years, several genes responsible for familial forms of the dis-
ease have been discovered (LRRK2, PARK2, PARK7, PINK1
and SNCA) and a large number of studies have been carried
out to explore genetic factors associated with non-familial
forms of PD (Thomas and Beal 2007). These studies have
been focussed in the analysis of a number of candidate genes
through case–control association studies, mainly in popula-
tions of European descent (Thomas and Beal 2007).

In the current work, we report the results of a system-
atic analysis of eight candidate genetic polymorphisms for
PD in a South American population. We selected eight
candidate genes that are related to different pathophysio-
logical hypotheses of PD (Thomas and Beal 2007): alpha-
2-macroglobulin (A2M, 12p13.3-p12.3), angiotensin I con-
verting enzyme (ACE, 17q23.3), brain-derived neurotrophic
factor (BDNF, 11p13), catechol-O-methyl transferase
(COMT, 22q11.21), microtubule associated protein tau
(MAPT, 17q21.1), dopamine transporter (SLC6A3, 5p15.3),
serotonin transporter (SLC6A4, 17q11.1-q12) and ubiquitin
carboxyl-terminal esterase L1 (UCHL1, 4p14).

Materials and methods
Subjects

Hundred and four PD patients (age at evaluation, 60.1
+/−12.6 years; age of onset, 53.7 +/−13.4 years; % early
onset PD, 40.3; % male, 50.9) and 136 unaffected controls
(age at evaluation, 62.4 +/−9.5 years; % male, 46.6) were
included in the present study (P > 0.05 for differences in age
and sex distributions between patients and controls). Patients
were evaluated by an interdisciplinary team led by a neurol-
ogist (WF) with advanced expertise in movement disorders
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(Jenkins et al. 1992); final diagnoses were carried out with
basis on the United Kingdom Parkinson’s Disease Society
brain bank diagnostic criteria (Jenkins et al. 1992). Control
subjects were evaluated by general physicians and did not
have personal or family history of neurodegenerative disor-
ders. Patients and controls were living in Bogotá, the capital
city of Colombia (around eight million inhabitants in 2007);
a population that is composed of a southern European genetic
background with historical admixture with Amerindians
(Yunis et al. 2005). All subjects, or their healthy relatives,
signed an informed consent following international recom-
mendations (Forero et al. 2006a) and the project was ap-
proved by the respective institutional research and ethics
committees.

Genotyping

The polymorphisms analysed in this study are: a non-
synonymous SNP in exon 24 of A2M (Val1000Ile; rs669),
an insertion/deletion polymorphism in intron 15 of ACE
(rs1799752), a non-synonymous SNP in exon 2 of BDNF
(Val66Met; rs6265), a non-synonymous SNP in exon 4 of
COMT (Val158Met; rs4680), an insertion/deletion polymor-
phism in intron 10 ofMAPT (MAPT indel), a VNTR in exon
15 of SLC6A3 (rs28363170), a VNTR in the promoter region
of SLC6A4 (rs4795541) and a non-synonymous SNP in the
exon 3 of UCHL1 (Ser18Tyr; rs5030732).

Genomic DNA was extracted from peripheral blood us-
ing a modified salting-out protocol (Forero et al. 2006a).
Genotyping protocols used in our laboratory for the analysis
of rs1799752 (ACE; PCR, electrophoresis), rs6265 (BDNF;
PCR, RFLP), rs4680 (COMT; Bi, PASA), rs4795541
(SLC6A4; PCR, electrophoresis) and rs5030732 (UCHL1;
PCR, RFLP) polymorphisms have been described in our
previous publications (Forero et al. 2006a,b,c). Details
about genotyping protocols for rs669 (A2M; PCR, RFLP),

MAPT indel (MAPT; PCR, electrophoresis) and rs28363170
(SLC6A3; PCR, electrophoresis) polymorphisms have been
described elsewhere (Cook et al. 1995; Liao et al. 1998). A
random subsample of patients and controls were reanalysed
to confirm the consistency of the genotyping procedures.

Statistical analysis

Comparisons were carried out for allelic and genotype fre-
quencies between patients and controls using the Fisher’s ex-
act and χ2 tests; P values <0.05 were considered as statisti-
cally significant. Hardy–Weinberg equilibrium (HWE) was
calculated for both groups. SNPStats and GraphPad Instat
programs (Sole et al. 2006) were used for these statistical
analyses. MDR program (Hahn et al. 2003) was used for
the exploration of gene–gene interactions: genotype data for
all eight polymorphisms for patients and controls were en-
tered in the program and the ‘exhaustive’ search method was
selected (attribute count range: 1–3). Calculations of statis-
tical power were carried out with the Genetic Power Cal-
culator tool (Purcell et al. 2003). An in-house developed
program for genetic analysis (written in Python 2.5) was also
used as an additional tool to integrate and automate calcu-
lation of relevant parameters. Information for available meta
analysis for the set of candidate markers was retrieved from
PDGene database (Bagade et al. 2009), a useful resource for
neuropsychiatric genetics (Bertram et al. 2007).

Results
Allele and genotype frequency comparisons between patients
and controls are shown in table 1. All markers were in HWE
in patients and controls. We did not find statistically signifi-
cant differences for allele or genotypes for any of these eight
candidate polymorphisms. The current sample size provides
a power of 0.7 (considering the MAFs found in our control

Table 1. Genotype and allele frequencies of eight candidate polymorphisms in PD cases and healthy controls in a Colombian
sample.

Gene A2M ACE BDNF COMT MAPT SLC6A3 SLC6A4 UCHL1
(Allele 1/allele 2) (A/G) (Ins/del) G/A G/A (Ins/del) (10/9) (s/l) (C/A)

Genotype 1/1 cases 31 (31.6) 28 (26.9) 68 (68.0) 47 (45.6) 77 (74.8) 65 (65.7) 26 (25.0) 45 (43.7)
Genotype 1/2 cases 48 (49.0) 48 (46.2) 26 (26.0) 39 (37.9) 23 (22.3) 31 (31.3) 53 (51.0) 49 (47.6)
Genotype 2/2 cases 19 (19.4) 28 (26.9) 6 (6.0) 17 (16.5) 3 (2.9) 3 (3.0) 25 (24.0) 9 (8.7)
Allele 1 cases 110 (56.2) 104 (50.0) 162 (81.0) 133 (64.6) 177 (85.9) 161 (81.3) 105 (50.5) 139 (67.5)
Allele 2 cases 86 (43.8) 104 (50.0) 38 (19.0) 73 (35.4) 29 (14.1) 37 (18.7) 103 (49.5) 67 (32.5)
Genotype 1/1 controls 40 (35.7) 45 (33.1) 97 (71.3) 52 (39.1) 94 (70.7) 77 (58.8) 41 (30.4) 66 (52.8)
Genotype 1/2 controls 48 (42.9) 58 (42.6) 36 (26.5) 68 (51.1) 31 (23.3) 49 (37.4) 67 (49.6) 48 (38.4)
Genotype 2/2 controls 24 (21.4) 33 (24.3) 3 (2.2) 13 (9.8) 8 (6.0) 5 (3.8) 27 (20.0) 11 (8.8)
Allele 1 controls 128 (57.1) 148 (54.5) 230 (84.5) 172 (64.6) 219 (82.3) 203 (77.5) 149 (55.2) 180 (72.0)
Allele 2 controls 96 (42.9) 124 (45.5) 42 (15.5) 94 (35.3) 47 (17.7) 59 (22.5) 121 (44.8) 70 (28.0)
P allele 0.84 0.35 0.32 1.00 0.31 0.35 0.31 0.30
P genotype 0.67 0.58 0.32 0.08 0.50 0.56 0.58 0.35

Relative frequencies (%) are given in parentheses.
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subjects) to detect markers with effects characterized by ORs
from 2.0 (BDNF) to 2.3 (ACE). We explored the potential ex-
istence of gene–gene interactions in our samples (using the
MDR program) and found a statistically significant evidence
of interaction between the polymorphisms in A2M, SLC6A4
and UCHL1 genes (global P = 0.0107, for the best model)
and the risk for PD. We found that a specific combination of
genotypes for the three markers are significantly more fre-
quent in patients than in controls (P = 0.04) (table 2).

Table 2. Significant results from the analysis of gene–gene interac-
tions. The composition of the significant combination of genotypes
for the three markers are given, including the respective relative fre-
quencies in patients and controls and its P value.

A2M SLC6A4 UCHL1 % % P
(rs669) (rs4795541) (rs5030732) Patients Controls value

AG sl AA 6.18 0.90 0.04

Discussion
Molecular genetics of PD has been largely explored in
populations of European descent (Thomas and Beal 2007;
Okubadejo 2008); the possible role of these candidate genes
for PD in developing regions is largely unknown. This con-
trasts with the fact that the impact of PD, and other age-
related diseases, is predicted to be much higher in developing
countries in future years (Dorsey et al. 2007). In the current
work, we report the initial results of a multidisciplinary ef-
fort aimed to the analysis of multiple genetic risk factors for
PD in a case control sample in Colombia, a South American
population; being the first systematic study of several com-
mon genetic markers for PD in Latin America. A previous
paper reported an association with a single polymorphism in
APOE gene in a PD sample from Mexico (López et al. 2007).

Mean life expectancy for Colombia was 72.3 years in
2005 (Forero et al. 2006b). A previous population-based
study showed that the crude overall prevalence of parkinson-
ism in Colombian population is around 101/100,000 habi-
tants (Pradilla et al. 2003); this translates in an estimated to-
tal number of around 198,000 patients in the country. There
is a high variability in the prevalence rates reported for
parkinsonism in different populations around the world, such
as those found in other developing countries (50/100,000
in Bolivia) (Dorsey et al. 2007) and in developed regions
(168/100,000 in Italy and 128/100,000 in United Kingdom)
(Dorsey et al. 2007).

We have analysed eight genetic markers that have been
shown as potential risk factors for PD in different populations
(Thomas and Beal 2007). All eight polymorphisms are com-
mon variants (all of them have MAF >0.15 in our sample)
and six of them are known to have allele-specific functional
effects (Forero et al. 2006a,d). There are 88 published stud-
ies analysing these eight markers, 57 of them (65.0%) were
carried out in populations of European descent (Bagade et
al. 2009). Two of the markers analysed in the current work

(MAPT and UCHL1) appear as two of the top 17 genes for
PD in the PDGene database with ORs of 0.74 for MAPT (20
studies) and 0.93 for UCHL1 (12 studies) in samples from
Caucasian populations.

Using single marker analysis, we did not find signifi-
cant differences in allele or genotype frequencies for any
of these eight polymorphisms in the current PD sample.
We found statistical evidence of gene–gene interaction for
the polymorphisms in the A2M, SLC6A4 and UCHL1 genes
(P = 0.01), the combination of genotypes AG/sl/AA for
these three markers was more frequent in patients than in
controls (6.18 versus 0.9 %). Gene–gene interactions are sup-
posed to be underlying a major part of the genetic risk for
complex disorders; however, their complete identification in
PD, as in other diseases, remains elusive (Thomas and Beal
2007). It is important to highlight that two of these three
polymorphisms (rs4795541 in SLC6A4 and rs5030732 in
UCHL1) are known to have allele-dependent effects on gene
function (Forero et al. 2006a,d).

The current sample size provides a power of 0.7 (consid-
ering the MAFs found in our control subjects) to detect mark-
ers with effects characterized by ORs from 2.0 (BDNF) to 2.3
(ACE); as a reference point, markers in the GBA and LRRK2
genes (two of the top candidates in the PDGene database)
have pooled ORs of 3.07 and 2.42, respectively.

Heritability of PD has been estimated to be around
0.18 (Thomas and Beal 2007), which is much lower than
those found for other neurodegenerative disorders (0.58
for Alzheimer’s disease (AD), for example) (Forero et
al. 2006d). These findings can explain the relative failure
to identify major susceptibility factors for non-Mendelian
forms of PD (Thomas and Beal 2007). In this context, we
have described significant associations of several markers
with AD in our population (Arboleda et al. 2001). Further
exploration of common (HapMap-based analysis) and rare
(mutational analysis) variants (Bodmer and Bonilla 2008) in
additional candidate genes will be helpful to identify the pre-
cise molecular susceptibility factors for PD in developing re-
gions around the world.
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