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Abstract To explore the possible influence of heavy metal
mining on incidence of Parkinson’s disease (PD), global
DNA methylation was assessed in blood samples from a pop-
ulation of PD patients (n = 45) and control subjects (n = 52) in
Antofagasta neighborhood, a Chilean city built for exclusive
use of mining companies. Comparisons were made with PD
subjects (n = 52) and control subjects (n = 59) from Santiago
Chile, a city having little association with mining. All subjects
were assessed by two neurologists and PD diagnosis was
based on UK Parkinson’s Disease Society Brain Bank
Clinical Diagnostic Criteria. From blood samples obtained
from each individual, a decrease in global DNA methylation
was observed in PD patients either exposed (49% of control,
P < 0.001) or not exposed (47% of control, P < 0.001) to
mining activity. Although there was no difference in levels
of DNAmethylation between PD patients from the two cities,
there was a lower level of DNA methylation in control sub-
jects from Santiago versus Antofagasta.
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Introduction

Antofagasta is a city of 390,832 inhabitants located in the
north of Chile with a large mining activity. The Antofagasta
region accounts for 51% of the mineral production in the

country, producing copper, lithium, natural nitrates, iodine,
molybdenum, gold, silver, and borates. However, mining ac-
tivity is present in all of the country and Santiago accounts for
0.7% of the mineral production in Chile. The mining compa-
nies have built the entire neighborhoods for the exclusive use
of their employees. Interestingly, we found several mining
neighborhoods with very high incidence of Parkinson’s dis-
ease (PD) (nine PD cases in 0.25 km2, Fig. 1). A possible link
between mining activity exposure and PD is probably not due
to Parkinsonism induced by metals, such as manganese and
copper, that has been observed in young workers (Gunnarsson
and Bodin 2017; Caviedes and Segura-Aguilar 2001; Bouabid
et al. 2015), since the majority of PD patients in Antofagasta
have a late onset of the disease. Epigenetic alterations such as
DNA methylation have been suggested to account for the
individual susceptibility to PD (Wüllner et al. 2016;
Matsumoto et al. 2010). Epigenetic changes in alpha synucle-
in intron 1 have been reported to regulate the expression of
this gene, where hypomethylation increases this gene expres-
sion (Jowaed et al. 2010). It seems plausible that the environ-
ment of Antofagasta city with high mining activity can induce
epigenetic changes such as DNA methylation, which can be
related to the high incidence of PD cases observed in several
neighborhoods. Therefore, the aim of this study was to test the
possible association between DNA methylation and the high
incidence of PD in Antofagasta neighborhoods constructed
for the exclusive use of mining workers.

Patients and Methods

Materials and Methods

For this study, there were 97 PD patients, 45 fromAntofagasta
and 52 from Santiago, as a comparative city with very low
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mining activity, and 111 healthy seniors (52 from Antofagasta
and 59 from Santiago). Patients and controls were examined
by two neurologists. PD diagnosis was based on the UK
Parkinson’s Disease Society Brain Bank Clinical Diagnostic
Criteria (Hughes et al. 1992). All patients signed a written
informed consent according to the Declaration of Helsinki.

The study was approved by the local ethics committee.
Patients with cognitive decline or other neurodegenerative
disease features were excluded by clinical neurological exam-
ination. A blood sample was obtained for the study of global
DNA methylation.

DNA Preparation

Genomic DNAwas obtained by using the kit Tissue DNA Kit
(D3396-02, EZNA). Samples were quantified by using El
NanoDrop® ND-1000 spectrophotometer. Some samples
were concentrated by using DNA Clean & Concentrator −5
Kit (catalog no. D4003s, Zymo research).

Global DNA Methylation Determination

Global DNA methylation level was determined by using
Methylamp Global DNA Methylation Quantification Ultra
Kit (Epigenetik, catalog number P-1014B, USA). A sample
of 100 ng genomic DNAwas used for 5-methylcytosine quan-
tification according to the manufacturer’s protocol.
Antibodies against 5-ethylcytosine were used to quantify the
global DNA methylation through an ELISA-like reaction.

Bisulphite Treatment

All samples were treated with bisulfite conversion using the
EZ DNA Methylation-Lightning™ Kit (Zymo Research), ac-
cording to the manufacturer’s instructions.

Statistical Analysis

For statistical analysis, we used the IBM SPSS program. First,
through the analysis of variance (ANOVA), we analyzed dif-
ferences between the mean percentages of methylation, either
in their intergroup analysis as in the intragroup. Subsequently,
by Tukey HSD test, we compared the average methylation of
each group in the form of pairs, showing the existence or
absence of differences in the contrast binomial.

Results

A significant decrease in global DNA methylation was ob-
served in PD patients from both Antofagasta (48%
P < 0.001) and Santiago (37% P < 0.001) with respect to
healthy control subjects from the corresponding cities. DNA
methylation in healthy controls from Antofagasta was also
significantly decreased with respect to healthy controls from
Santiago (70%; P < 0.001; Fig. 1b, c). The high incidence of
PD in neighborhoods built for the exclusive use of mining
workers opens the question about a possible role of mining
activity on this high PD incidence. We compared the global

No metal exposure Metal Exposure

M
et

hy
la

te
d 

D
N

A 
(%

)

0,00

0,25

0,50

Control 
PD 

Control
Antofagasta

PD
Antofagasta

Control
San�ago

PD
San�ago

n= 52 45 54 52
Age 63 ± 11 72 ± 13 60 ± 5 65 ± 7
Sex distribu�on
(male/female,
% male)

16/36
(30,1%)

23/22
(51%)

25/29
(46,3%)

33/23
(63,5%)

worked at the
mine

8 7 0 0

DPCM
et

hy
la

te
d 

D
N

A 
(%

)

0,0

0,3

0,6 Antofagasta 
Santiago 

***

***

***

Control
Antofagasta

Control
Antofagasta

PD
Antofagasta

PD
Antofagasta

Direct exposure to metals No Yes No Yes
n= 5 5 5 5
Age 65 ± 9 66 ± 13 75 ± 10 77 ±7
Tabaco 16 % 16 % 33 % 16 %
Diabetes Mellitus 33 % 16 % 16 % 33 %
Hypertension 66 % 33 % 50 % 33 %
Alcohol consume 0% 0% 0% 16%

***

***

A

B

C

D

E

Fig. 1 Global methylation in control and PD patients from Antofagasta
and Santiago. a Incidence of PD in a mining workers’ neighborhood in
Antofagasta, Chile. The black square represents individual PD patients’
houses. bData from patients and controls fromAntofagasta and Santiago.
c A significant decrease in global DNA methylation is observed in PD
patients both from Antofagasta and Santiago. c A significant decrease in
global DNA methylation was observed both in Antofagasta and Santiago
PD patients. d The data of controls and PD patients directly exposed to
metals who participate in this study is shown. e Global methylation in
controls and patients from Antofagasta directly exposed to metals under
mining work. The statistical significance was determined as described
under BMaterials and Methods^ (***P < 0.001)

Neurotox Res (2017) 32:172–174 173



DNA methylation in healthy controls and PD patients in
Antofagasta, comparing those directly exposed versus those
not directly exposed to mining activity (Fig. 1c, d). There was
no significant difference in global DNA methylation, neither
in PD patients nor in healthy controls, comparing those direct-
ly exposed to mining activity to those not exposed. However,
a significant decrease in global DNA methylation was ob-
served in PD patients either exposed (49% of control;
P < 0.001) or not exposed (47% of control; P < 0.001) to
mining activity compared to controls in Antofagasta
(Fig. 1c, d).

Discussion

A possible relationship between metals and PD has been sug-
gested for a long time but the issue is still not completely clear.
Recently, an extensive review concluded that despite a strong
association between metal accumulation and PD, it is not yet
clear whether metal accumulation leads to PD or if PD leads to
metal accumulation (Rasheed et al. 2016).

The remarkable high incidence of PD in several
Antofagasta neighborhoods (nine cases in 0.25 km2; see
Fig. 1a) that were built for the exclusive use of the employees
of mining companies opens the question about a possible re-
lationship between the environmental exposure to metals in a
city with high mining activity and the development of PD.
Unfortunately, we do not have epidemiological studies in
Chile in order to compare the disease incidence in
Antofagasta with other cities. The rates of mortality due to
PD in Antofagasta were the lowest in Chile (Chaná et al.
2013) but this low rate conceivably could be explained by
the absence of neurologists in this city. We have done an
estimation of PD incidence in the area of Fig. 1 by taking into
account the total of habitants and house in Antofagasta and
number of houses in the Fig. 1 area. According to this estima-
tion, there was an incidence of 437 PD patients/100,000 ha-
bitants in this area, accounting for a 2.5-fold higher incidence
for the range of 55–64-year-olds globally (Pringsheim et al.
2014).

Our results do not support the possible role of epigenetic
changes induced by the mining environmental conditions on
this high incidence of PD in mining neighborhoods in
Antofagasta since (i) there are no significant differences in
global methylation between PD patients from Antofagasta
and Santiago Chile and (ii) there are no significant differences
in global DNA methylation in PD patients from Antofagasta

directly exposed to metals and those not exposed. An alterna-
tive possibility is that in PD patients, DNA methylation is
already at the lowest level and therefore no further changes
can be seen in PD patients from Santiago compared to
Antofagasta nor in PD patients directly exposed or not to
mining activity in Antofagasta. On the other hand, Santiago
is also a city exposed to mining activity in Chile, although at
lower levels compared to Antofagasta and in line with this
idea, it is interesting that controls in Antofagasta have lower
levels of DNA methylation compared to controls in Santiago,
therefore suggesting a role for epigenetic changes due to metal
exposure.
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