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Abstract: 

The 450k Chip Analysis Methylation Pipeline (ChAMP) is a novel Illumina Infinium 

HumanMethylation450 BeadChip data processing algorithm that allows for analysis 

of copy number alterations (CNA). With this pipeline we evaluated the prevalence of 

CNA in peripheral blood leukocytes from healthy Argentinean Andean women with 

varying exposure to inorganic arsenic in drinking water. Arsenic exposure was 

assessed based on the sum concentrations of metabolites of inorganic arsenic in urine 

(U-As), which ranged 10-663µg/L with a median of 185 µg/L. We used linear 

regression analysis to elucidate the association between U-As and the prevalence of 

CNA. We found that increasing arsenic exposure was positively associated with the 

frequency of CNA (p=0.002), possibly in a dose-response relationship. Adjustment of 

the regression model for age and BMI of the subjects did not significantly change the 

effect estimate, although both covariates were significant predictors. Our results 

suggest that exposure to arsenic increases genomic instability in the form of CNA. 
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Genomic instability contributes to neoplastic transformation through deregulation of 

gene expression and activation of oncogenes (e.g. through chromosomal 

rearrangements) and inactivation of tumor suppressor genes (e.g. through deletions) 
1-

3
. It has been shown both in vitro and in vivo that exposure to inorganic arsenic 

induces genomic instability 
4-10

. Bladder and lung tumors from patients exposed to 

arsenic were found to harbor higher levels of genomic instability than tumors from 

unexposed cancer patients, which hints at a causal link between arsenic induced 

genomic instability and carcinogenesis 
2, 3, 11, 12

. Most studies of arsenic and genomic 

instability were performed at a cytogenetic level, and they showed an 

overrepresentation of numerical and structural chromosome aberrations as well as 

polyploidy with increasing arsenic exposure 
5-8, 10

. Using a novel methodological 

approach, we sought to further the understanding of the genomic instability at the 

intra-chromosomal level in blood of subjects environmentally exposed to arsenic. 

The 450k Chip Analysis Methylation Pipeline (ChAMP) is a novel Illumina 

Infinium HumanMethylation450 BeadChip data processing algorithm which allows  

for the evaluation of deferentially methylated regions between different groups of 

samples 
13

. Moreover, the pipeline integrates a method for analysis of copy number 

alterations (CNA) on the basis of the beta values obtained for each CpG dinucleotide 

present on the 450k chip. In this analysis, Circular Binary Segmentation (CBS) 

algorithm from R-DNAcopy package was used to compute regions with differing 

copy number with a threshold derived from the difference between the log2 ratio 

between male and females of log2 +/-0.33 representing the change of one X 

chromosome 
14

. The performance of the new approach in identifying CNAs was 

tested against Illumina CytoSNP chip, a SNP-based platform for identification of 

CNAs and the new pipeline enabled detection of 85% of the CNAs 
14

. We applied this 
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algorithm in our study to assess the influence of environmental exposure on the 

prevalence of CNAs in blood. 

Our study involved women living in area with varying arsenic concentrations 

in drinking water in the Andean part of Salta Province in Northern Argentina. 

Detailed description of the study area 
15

 and the study population 
16

 were published 

previously. A group of 172 nonrelated women were recruited in 2008. Exposure to 

arsenic was assessed based on the concentrations of metabolites of inorganic arsenic 

(methylarsonic acid (%MMAs); dimethylarsinic acid (%DMAs); and remaining 

inorganic arsenic (%iAs) in urine, as measured by high pressure liquid 

chromatography, on line with hydride generation and inductively coupled plasma 

mass spectrometry (ICP-MS) 
17, 18

. For the 450K chip analysis, we selected 91 of the 

women with a mean U-As of 185 µg/L (10-663.8µg/L) and median 185 µg/L. The 

women had a similar diet and ethnic background. They did not drink alcohol and only 

three reported smoking (moderately).  

We first plotted the CNAs against U-As and found an increase in CNA with 

increasing U-As, with an apparent linear relationship (Figure 1). We therefore used 

linear regression analysis to model the association between U-As and the prevalence 

of CNAs. The regression analyses showed an increase in the number of CNAs with 

increasing U-As (p=0.002, Table 1). The estimate indicated one extra CNA for 100 

µg/L of U-As.. Also, adjustment for age and BMI did not markedly change the effect 

estimate. We also modeled the influence of arsenic metabolism efficiency by 

including fractions of metabolites in the models but this did not significantly 

influence the association between U-As and CNAs. It is important to mention here 

that we previously showed that subjects in this study are likely to have developed 

genetic adaptation to high-arsenic living conditions
19

.  Consequently the effect 
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observed in this study may be smaller than the effect observed in other populations, 

but further studies are needed to elaborate this hypothesis. 

Secondly, we analyzed the length and type of the CNAs present in blood for 

each subject. The median length of the CNA in the samples was 134 bp (ranging from 

2 to 590332 bp) which corresponds to the size of microsatellite repeats, short 

deletions/amplifications to copy number variation (>1000 bp). At the same time over 

60% of total 2410 CNAs detected across all the samples were deletions indicating that 

arsenic exposure is more likely to induce this type of alternations (for details see 

Supplementary data 1). We also used coordinates for each CNA in a given sample (a 

part of the ChAMP output) and mapped all significant CNAs regions to genome with 

Integrated Genomic Viewer 
20

. The CNA regions were located on all chromosomes, 

but there was an overrepresentation of CNAs on chromosomes 6 and 17 considering 

the chromosome length. Most of the CNAs at chromosome 6 were located in p22.1-

p21.32 region, which includes the highly variable HLA loci. The CNAs on 

chromosome 17 did not involve the region harboring TP53 encoding the p53 protein 

that has been shown to be affected by arsenic exposure
21

. We also computed the most 

common regions displaying CNAs across our samples and found that 496 common 

CNA regions (ranging from 2 to 17942bp) were present in more than 2 samples and 

32 of those CNAs were present in more than 20 samples. The principles of computing 

of most common regions affected by CNA among individual samples are depicted in 

Figure 2. Detailed description and coordinates of loci harboring those alterations are 

shown in Supplementary data 1. Functional analyses of those specific loci are ongoing 

and out of scope of this short communication. 

 

Conclusions 
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This is the first study that utilizes the novel Infinium HumanMethylation450 

BeadChip data processing algorithm for investigation of CNA in relation to an 

environmental exposure. The main limitation of our analysis is that Illumina Infinium 

HumanMethylation450 BeadChip was designed to cover the regions of the genome 

with high frequency of CpG sites. Consequently, CpG poor regions, which constitute 

a vast part of the genome, are not interrogated in our analysis. This limitation, 

however, can be overcome in the future by using SNP-based arrays, considering the 

whole genome. We anticipate that such analyses will significantly strengthen our 

initial findings.  

The findings presented here corroborate previous cytogenetic findings and for 

the first time indicate that chronic exposure to arsenic may promote intra-

chromosomal instability. The actual mechanism of this phenomenon needs further 

investigation. However, it can be speculated that arsenic indirectly contribute to this 

type of instability by generation of free radicals which, in turn, damage the DNA 
18, 22, 

23
. Also, arsenic may inhibit the DNA repair machinery, nucleotide excision repair 

(NER) 
24

, and/or base excision repair (BER) 
25

, which, if repressed, could result in 

intra-chromosomal rearrangements (as reviewed in: 
9
) 

Overall, our results show that the ChAMP data processing pipeline can be a 

robust and economic tool to identify genomic instability in a biologically relevant 

context. 

 

Figure legends 

 Figure 1.  Scatter plot of CNAs frequency in peripheral blood versus U-As in Andean 

women with regression line  
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Figure 2. Illustration of the selection procedure for common CNAs across all the 

samples  
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Table 1. Description of A) variables and B) association between urinary arsenic concentrations (U-As) and average frequency of CNAs  

A Variable description mean (range)   

U-As 226 (10-1251) µg/L   

CNAs 26 (13-45)   

Age 32 (12-64) years   

BMI 23.8 (16.4-35.2) kg/m   

    

B Model β1 (95% CI) P value 

U-As  Average CNA-frequency = α + β1 (U-As) 0.010 (0.003; 0.016) 0.002 

Age/BMI Average CNA-frequency = α + β1 (U-As) + β2 age  + β3 BMI  0.010 (0.004; 0.016) 0.001 
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