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Abstract

Mercury (Hg) exposure is a public health concern due to its persistence in the

environment and its high toxicity. Such toxicity has been associated with the

generation of oxidative stress in occupationally exposed subjects, such as artisanal

gold miners. In this study, we characterize occupational exposure to Hg by

measuring blood, urine and hair levels, and investigate oxidative stress and DNA

methylation associated with gold mining. To do this, samples from 53 miners and

36 controls were assessed. We show higher levels of oxidative stress marker 8-

OHdG in the miners. Differences in LINE1 and Alu(Yb8) DNA methylation

between gold miners and control group are present in peripheral blood leukocytes.

LINE1 methylation is positively correlated with 8-OHdG levels, while XRCC1 and

LINE1 methylation are positively correlated with Hg levels. These results suggest

an effect of Hg on oxidative stress and DNA methylation in gold miners that may

have an impact on miners’ health.
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1. Introduction

Mercury (Hg) is a heavy metal with a known impact on the environment and on

human health. Some of the toxic effects of Hg are caused by increased production

of reactive oxygen species (ROS), causing oxidative stress (Park and Zheng, 2012).

Oxidative stress is due to dysregulation of the homeostasis between ROS and cell

antioxidant and repair mechanisms. It has been shown that Hg exposure inhibits

antioxidant enzymes like glutathione-S-transferase (GST), glutathione peroxidase

(GPx), superoxide dismutase (SOD) and catalase (CAT) (Martinez et al., 2014;

Zeneli et al., 2016) increasing oxidative stress in the cell. Due to its chemical

properties, Hg has been used in various applications including artisanal gold

mining (Crespo-López et al., 2009) eliciting an occupational exposure that could

lead to increased oxidative stress. During the mining process elemental Hg (Hg°)

vapour is generated when Hg-gold amalgam is burned to release pure gold (Gibb

and O’Leary, 2014). When inhaled, Hg° is oxidized in the red blood cells and lungs

to divalent inorganic cation (Hg+2), while inhalation of Hg° vapour mainly

deposits in the kidney and brain (Park and Zheng, 2012). In the environment, Hg°

vapour settles in soil and water near the mining zones. In the sediments, Hg is

transformed into methylmercury (MeHg) by the action of anaerobic microorgan-

isms (Parks et al., 2013). MeHg bioaccumulates and biomagnifies in the trophic

chain, and in consequence, the general population could be environmentally

exposed to MeHg through fish consumption (Li et al., 2010). Therefore, Hg

exposure has become a major public health concern in developing countries due to

the growing use of this metal, its persistence in the environment, and its high

toxicity (Kristensen et al., 2014).

Environmental chemicals, including Hg, can produce abnormal DNA methylation

status. These epigenetic changes are induced by oxidative stress or cell metabolism

disruption (Fragou et al., 2011). The understanding of these changes is a

prerequisite to implement new biomarkers for prevention of diseases related to

occupational exposure. Some experimental studies have demonstrated that Hg

exposure can change DNA methylation patterns; although, the molecular

mechanism involved in Hg epigenetic effect is still unknown (Ruiz-Hernandez

et al., 2015). In addition, few human studies have investigated the relationship

between environmental Hg exposure and DNA methylation. For instance, Hanna

and collaborators have shown an increased methylation in the promoter of GSTM1

when measured in women with high blood Hg levels (Hanna et al., 2012). Another

study correlated DNA hypomethylation of the seleno-protein P plasma 1 (SEPP1)

promoter, an important enzyme involved in the antioxidant response in the cell,

and increasing Hg levels measured in hair (Goodrich et al., 2013). On the other
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