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Abstract

Differentiated cells telomere length is an indicator of senescence or lifespan;

however, in peripheral blood leukocytes the relative shortening of the telomere has

been considered as a biological marker of aging, and lengthening telomere as an

associated risk to cancer. Individual’s age, type of tissue, lifestyle, and environmental

factors make telomere length variable. The presence of environmental carcinogens

such as arsenic (As) influence as causal agents of these alterations, the main modes of

action for As described are oxidative stress, reduction in DNA repair capacity,

overexpression of genes, alteration of telomerase activity, and damage to telomeres.

The telomeres of leukocytes resulting a finite capacity of replication due to the low or

no activity of the telomerase enzyme, therefore, elongation telomere in this kind of

cells is a potential biological marker associated with the development of chronic

diseases and carcinogenesis.
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1 | INTRODUCTION

Shortening and elongation of the telomere have been associated with

different chronic diseases and cancer. This variability in telomere length

is related to the activity of the telomerase enzyme; however,

telomerase activity is low or absent in differentiated cells.[1,2] The

telomere consists of repeated tandem sequences (TTAGGG)n.
[3] It is

limited to a finite capacity of replication; therefore, the shortening of

the telomere in peripheral blood leukocytes is considered a general

biomarker of aging.[1] Alterations in the telomere structure lead to

chromosomal instability and tumorigenesis characterized by over-

expression of telomerase.[4] Therefore, environmental carcinogens such

as arsenic (As) can influence the telomere length.[5] Some studies have

reported controversial results in the mode of action of As in in vivo, in

vitro, and epidemiological studies.[5–8] An excessive concentration of As

in drinking water affects human health and is considered one of the
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most important environmental causes of cancer in the world,[9] as it is

considered a class 1 carcinogen by The International Agency for

Research on Cancer.[10,11] Therefore, the World Health Organization[12]

established the permissible exposure limits of 10 μg·L−1 of As in drinking

water. The National Research Council[13] proposed the study of

biomarkers for the evaluation of As exposure to characterize the

dose‐response effect at low concentrations. The mechanisms by which

As induces carcinogenesis are not yet clear;[1,2] in this scope, the study

of the telomere structure in a population naturally exposed to As gives

the opportunity for its evaluation as an indicator of cellar senescence or

the start point of carcinogenesis of various types of cancer.[2,4] These

apparently controversial results suggest that As can modify the length

of telomeres depending on the exposed dose; however, there are few

studies that evaluate the telomere structure in the Mexican population

that support As action on the telomeres. For this reason, the objective

of the current study is to determine the length of telomeres in a

community environmentally exposed permissible limits of As, as defined

by the WHO, as point of comparison.

2 | MATERIALS AND METHODS

The study was conducted in the Ejido El Lequeitio community,

Francisco I. Madero, Coahuila, Mexico (25°46′31''N, 103°16′23''W),

with the approval of the Honorable Bioethics Committee of the

Faculty of Medicine, Unidad Torreón, Torreón, Coahuila, with

reference number AUT 02‐ 05/14.
All male participants (N = 188) were categorized into two groups

according to the recording of the total As levels in the household

water intake as follows: exposed group (n = 76); total As concentra-

tion in water >10 μg·L−1; and control group (n = 112). The total As

concentration in water ≤10 μg·L−1, according to the permissible

limit of As exposure in water defined by the WHO (2010), and the

As concentration range in water for the exposed group was

11.2‐17.4 μg·L−1 with an average time of exposure of 4 ± 0.11 years

and the concentration range for the control group was

6.4‐9.1 μg·L−1 with an average time of exposure of 3 ± 0.07 years.

In addition, the study subjects completed a questionnaire that

included personal information, lifestyle, nutritional history, and

workplace; inclusion and exclusion criteria were established for the

selected participants. The As concentration was determined using

the Digital Portable Arsenator® commercial kit (Wagtech Part No.

Wag. ‐WE10500, Thatcham, UK) following the supplier’s specifica-

tions. All the above information and the characteristics of the study

have been described in detail by Jiménez et al.[14]

2.1 | Collection of blood samples and DNA
extraction

Peripheral blood samples were obtained by venous puncture in BD

Vacutainer® tube. Leukocyte DNA was obtained using the

standardized salting out technique, and the concentration was

evaluated using a Nanodrop 1000 spectrophotometer (Thermo

Fisher Scientific, Wilmington, DE). The samples with a purity value

of 1.83 were selected to the analysis.

2.2 | Quantification of total As in urine

The As levels in urine were determined by atomic absorption

spectrophotometry with hydride generation, followed by the method

described by Cox.[15] The equipment used was an atomic absorption

spectrophotometer (Perkin‐Elmer 373), equipped with a hydride

generation system (MHS‐10) with argon gas as the purge gas. The

value obtained was corrected with respect to the volume of urine

digested and for creatinine concentration to eliminate the dilution

factor. All samples were analyzed in duplicate.

2.3 | Telomere length

The evaluation of telomere length was performed by the quantitative

polymerase chain reaction (PCR) method described by Cawthon.[16]

The telomere of each sample was assessed by T/S ratio with the

number of repeated copies of the telomere (T) and the number of

copies of a single control gene (S). 36B4u was used as reference

control gene, which codes for a ribosomal phosphoprotein, located on

chromosome 12. The telomere PCR and the single copy gene 36B4u

(S) were performed separately; the number of cycles required for the

accumulation of the fluorescent signal was determined in both

reactions (Ct). For the telomere PCR, the conditions were: 40 cycles

of 94°C for 10 s, 54°C for 30 s; and for 36B4 PCR: 45 cycles of 95°C

for 10 s, 59°C for 30 s. All PCRs were performed using the

LightCycler® thermocycler (model 1.5) by Roche thermocycler. To

evaluate the efficiency of the reaction, we included a standard curve,

performed with serial dilutions of reference DNA in each analysis.

The sequence of the probe used to amplify the telomere was the

following: Forward (5′‐CGGTTTGTTTGGGTTTGGGTTTGGGTTT
GGGTTTGGGTT‐3'), Reverse (5′‐GGCTTGCCTTACCCTTACCCT
TACCCTTACCCTTACCCT‐3'); and the sequence for 36B4u was:

Forward (5′‐CAGCAAGTGGGAAGGTGTAATCC‐3′) and Reverse: (5′‐
CCCATTCTATCATCAACGGGTACAA‐3′). Using the LightCycler®

FastStart DNA Master SYBR Green I kit. The T/S ratio was calculated

with the following formula: ▵− = −2C /2C ) 1 2t t
Btelomere 36 4 Ct. The

conversion from T/S ratio to base pairs (bp) was calculated based

on comparison of telomeric restriction fragment length form South-

ern blot analysis ant T/S ratios using DNA samples from the human

diploid fibroblast cell line IMR90 at different population doublings

and the formula + × T S3274 2413 ( / ), described by Needham

et al.[17] For all procedures, the initial DNA concentration was

35 ng·μL−1.

2.4 | Statistics

All the analyses presented means and standard deviations as the

comparison by groups was performed by means of the Student t test

for independent samples, Pearson’s correlation for the association of

variables, and Statistical Package SPSS version 20.0 (SPSS Statistics,
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IBM, Chicago, IL). The values of P < 0.05 were considered statistically

significant.

3 | RESULTS

3.1 | Concentration of As in urine

The results of the determination of As in urine by spectrophotometry

showed that the exposed group presented an average of

497.5 ± 148.9 μg·mL−1·g−1 of creatinine and the control group an

average of 151.1 ± 65.2 μg·mL−1·g−1 of creatinine, statistically differ-

ent with a value of P < 0.05.

3.2 | Reproducibility evaluation

From each sample, the ▵Ct value for telomere and the single copy

gene 36B4u was determined; therefore, the coefficient of variation

in the reactions of Ct for telomere was 9.0%, and for Ct the gene

36B4u was 8.15%, showing a good reproducibility of the

technique.

3.3 | Telomere length

From the obtained data, the T/S ratio was calculated for the subjects

in the study. The exposed group has a T/S ratio = 0.74 ± 0.07 and the

control group presented a value of T/S ratio = 0.54 ± 0.01, thus

showing an increase in telomere length in the group exposed

compared with the control group at 6.42‐9.10 μg·L−1 As in water; in

terms of bp values, the increase in telomere length of the exposed

group is shown in Figure 1, with an average difference of 498 bp. The

association analysis of lifestyle variables does not present statistical

associations with telomere length as follows: age (r2 = −0.10;

P = 0.058), alcohol consumption (r2 = 0.12; P = 0.062), smoking

(r2 = 0.13; P = 0.071), nutritional status (r2 = 0.026; P = 0.200), work

environment (r2 = 0.16; P = 0.078); however, it was found that while

the body mass index (BMI) increases, it shows a statistical relation-

ship with the concentration of total As in urine (r2 = 0.73; P = 0.036)

and with the telomere length (r2 = 0.56; P = 0.042). In addition, a

linear relationship was found between urinary As and the telomere

length in the exposed group (r2 = 0.47; P = 0.039), but not in the

control group (r2 = 0.09; P = 0.062).

4 | DISCUSSION

In recent years, several in vivo, in vitro, and epidemiological studies

have reported that exposure to As in different doses and ways

triggers alterations at the cellular and molecular levels. The main

modifications described are alterations in the expression of genes

and polymorphisms, methylation, inhibition of DNA repair genes,

genotoxicity, cytotoxicity, micronuclei, chromosomal aberrations,

decrease in the response to DNA damage, DNA fragmentation, and

alteration of telomerase enzyme activity and telomere

length.[14,18–21] The results obtained in this study show that the

exposure to As in drinking water is associated with an increase in

telomere length in exposed persons in a community of Mexico, as

reported in previous studies populations of other countries.[2,4,5,8,19]

Controversially, previous studies report the opposite effect: a

shortening in the telomere length and a decrease in the activity of

the telomerase enzyme,[6,7,22] with a mechanism based on the

induction of oxidative stress by As.[6] However, it has been described

that the transcription factor Nfr2 is activated in response to

oxidative stress.[27] In the study of Lau et al[29] the treatment with

1 µM of As for 4 hour did not increase the levels of ROS in

comparison with untreated cells; therefore, the activation of Nfr2

was not possible due to low doses of As by the generation of ROS.[28]

Activation of the Nfr2 pathway is dose‐dependent at the exposure

concentration of As; therefore, oxidative stress generation is not the

main factor in low exposures of As.[30,31] Currently, various

mechanisms have been described for As action on the telomere

and the telomerase enzyme. It has been reported that trivalent As

makes an overexpression of the telomerase enzyme at low

concentrations, with a greater effect on women than in men.[19]

Ferrario et al[8] reported that concentrations higher than 1 μM of As

reduce the telomere length by decreasing cell survival, while a

concentration <1 μM increases telomerase activity, maintaining

telomere length and cell survival. Investigations in a population

exposed to environmental As showed that urinary As is positively

correlated with telomerase expression and telomere length.[2,5] In the

current study, we report that exposure to As may be a cause for the

increase in the telomere length in the exposed population; although

the As metabolites in urine were not determined as in other studies,

we found results similar to other reports that determined the length

of the telomere and telomerase activity in people exposed to As in

water. In addition, we found a linear relationship between the

F IGURE 1 Difference in telomere length in different ranges of
exposure to As in water, exposed subjects vs controls. The value of
T/ S ratio in both groups was calculated using the formula 2‐ΔCt and

the conversion from T/S ratio to base pairs 3274 + 2413*(T/S).
As, arsenic; T/S ratio, telomere length
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increase in BMI with the concentration of total As in urine, increasing

BMI with telomere length, and an association between total urinary

As and the telomere length for the exposed group. The increase in

telomere length could be due to the overexpression of telomerase

activity in the population exposed to environmental As.[5] Other

authors described that the efficiency of each person’s metabolism to

biotransform As may exert an effect on telomere length.[8,23–26] The

population that has a slower As metabolism has a more toxic effect.[6]

In addition, an accumulation of As concentration in the organism can

keep telomerase activity overexpressed by elongating telo-

meres.[2,6,7] In conclusion, the changes in telomere length (elongation

or shortening) can be very useful in epidemiological studies, to

provide an estimate of the health risk that can be induced by As in

rural populations. In the obtained result, there was an increase in

telomere length in the population exposed to a higher concentration

of As in water. The study in a population exposed to environmental

As unintentionally or at work provides the opportunity to analyze the

biological effect of a long‐term environmental exposure, providing

the opportunity to establish or elucidate the mechanisms of action

that arsenic presents with exposure through drinking water.
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