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Abstract

Background: The deleterious impact of arsenic (As) contaminated groundwater on human health has been
reported worldwide. Epidemiological studies have identified adverse association of arsenic exposure with the
risk of cardiovascular diseases (CVD). Telomere dysfunction is emerging as an important factor underlying the
pathogenesis of various cardiovascular complications.

Objective: The aim of the study was to investigate the effect of arsenic exposure on human telomerase
reverse transcriptase (hTERT) gene expression and telomere length in arsenic-exposed cardiovascular disease
patients of Bangladesh.

Methods: A total of 53 CVD patients from known As-affected and unaffected areas of Bangladesh and
subjected to open heart surgery were recruited. Nail samples were collected and analysed for arsenic content
as a biomarker of chronic exposure. RNA and DNA extracted from blood samples were used for hTERT
expression analysis and telomere length measurement respectively, using real-time polymerase chain reaction.

Results: The patients from known As-affected areas (As-exposed patients group) showed approximately 9.7
fold higher expression of hTERT gene and approximately 1.4 fold higher telomere length than the patients from
known As-unaffected areas (As-unexposed patients group). We found significant association of both hTERT
expression (r= 0.407, p= 0.001) and telomere length (r=0.437, p=0.003) with as concentration in nail samples. Of
the total study population, the coronary artery disease (CAD) patients in particular showed approximately 3.4
fold higher expression of hTERT gene and approximately 1.5 fold higher telomere length than the non-CAD
patients group.

Conclusion: Our findings suggest that chronic arsenic exposure is positively associated with increased
hTERT expression and telomere length in As-exposed CVD patients of Bangladesh and that this association in
turn can influence the cardiovascular outcomes of prolonged arsenic exposure. We also suggest that As-
induced CVD possibly adopts a mechanism that is different from that of As-independent CVD. Findings of this
study will pave the way to unfold the mechanism behind As-induced CVD through more in-depth research.
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Introduction

Arsenic is considered to be one of the world’s most
hazardous chemicals.! Itis a ubiquitous element found
in the earth’s crust that can enter in groundwater from
anthropogenic or natural sources.? Increased
concentration of arsenic in groundwater causes severe
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health problems for human. Over 200 million people
all over the world are afflicted with arsenic-induced
diseases.? Bangladesh and West Bengal are the
worst affected areas. Arsenic has been listed by the
International Cancer Research Agency as a category
1 human carcinogen, evidence of other health impacts
including cardiovascular effects is yet to be studied
extensively.*

Arsenic affects our body’s different organs, e.g. liver,
heart and kidney.® Arsenic exposure has been
correlated to cancer, stroke, diabetes and lower chronic
respiratory disorders.® Evidences from epidemiological
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studies suggest that ingested inorganic arsenic (iAs)
can adversely affect the cardiovascular system.”-8

Human telomeres, formed by tandem repeats
(TTAGGG) located at the end of the chromosome,
play an important role in the maintenance of genomic
stability and cellular life span.® The telomeres are
shortened during each cell division due to “the end
replication problem”.'0 The principal protein that is
responsible for telomere maintenance, human
telomerase, consists of two major components: human
telomerase RNA (hTR)- providing a template for the
human telomeric repeat synthesis, and human
telomerase reverse transcriptase (hnTERT)- playing a
catalytic role in the replication of linear DNA ends.!!
The strong carcinogenicity of inorganic arsenic is
possibly connected to its interaction with the telomere
length.® The mechanism behind arsenic-induced
cardiac toxicity is still unclear.

There are some evidence that arsenic alters the
telomeres: arsenic increased telomere attrition,
chromosomal rearrangements, and apoptotic cell
death in mouse embryos with short telomere growth. 12
On the other hand, in vitro studies showed that arsenic
increased the activity of TERT growth.'2 In addition,
TERT expression in people exposed to arsenic by
drinking water (1"1000 ig/L) in Inner Mongolia was
highly correlated with both water and nail arsenic
concentrations and the severity of hyperkeratosis, a
common arsenic-related skin lesion growth.

Inorganic arsenic is well known as a clastogenic
compound. Telomerase expression and telomere
length are associated with cell death triggered by
iAs!!l, through the development of reactive oxygen
species as well as with effects induced by iAs!"' on
cell differentiation processes and cell growth rate.®

Chronic arsenic exposure has also been implicated
inincreased hTERT gene expression.' In aresearch
carried out in Bangladesh, elevated hTERT mRNA
expression was reported to be associated with As
exposure which in turn modified the risk of
cardiovascular diseases.'® A positive correlation
between high arsenic exposure and increased
telomere length was observed among Bangladeshi
arsenic exposed population.'” Studies of human cord
blood cells and human cell lines in vitro have shown
that arsenic exposure can both increase and decrease
telomerase activity and telomere length.'® These
apparently contrasting effects may be related to the
arsenic dose. The combined effect of arsenic
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exposure, hTERT gene expression, and telomere
length on As-induced CVD is still unexplored.

The aim of this study was to investigate the effect of
chronic arsenic exposure on hTERT mRNA expression
and telomere length in connection with modifying CVD
susceptibility. We compared hTERT mRNA expression
levels and telomere lengths between As-exposed and
As-unexposed CVD patients groups for determining
the extent to which these parameters are affected by
prolonged exposure to arsenic and whether these
effects modify the cardiovascular outcomes of chronic
arsenic exposure.

Materials and Methods

Study subjects and sample collection: In this cross-
sectional study, a total of 53 CVD patients were
recruited who underwent open heart surgery at the
department of cardiac surgery, Chittagong Medical
College and Hospital, and National Heart Foundation
Hospital & Research Institute, Dhaka, Bangladesh.
Pre-operative nail and peripheral blood samples were
obtained from each subject. For demographic and
clinical information, questionnaires were provided to
all participants. Ethical permission was taken from
the Ethical Review Committee, Chittagong Medical
College and Hospital. Each subject was informed
about the study and written consents were taken.

Arsenic exposure assessment: Nail samples were
analysed for As content by Hydride Generation Atomic
Absorption Spectrophotometry (HG-AAS) at the
International Centre for Diarrhoeal Disease Research,
Bangladesh (icddr,b) using a Shimadzu AA-7000
Atomic Absorption Spectrophotometer (Japan).

DNA and RNA extraction from blood samples: Three
mL of peripheral venous blood was collected from each
patient for nucleic acid extraction. DNA was extracted
by using standard phenol-chloroform method. Total
RNA was extracted following TRIzol™ Reagent user
guide.'® Extracted RNA and DNA were stored at -
80°C and -20°C, respectively.

Quantitative real-time polymerase chain reaction
(qPCR) for analysing hTERT expression: The first
strand cDNA synthesis was performed using the
GoScriptTM Reverse Transcription Method (Promega,
USA) with a total reaction volume of 30pl. The cDNA
sample was amplified by the GoTag® qPCR Master
Mix Systems (Promega, USA) using the following
primers: hTERT-2164S (5'-GCCTGAGCTGTA
CTTTGTCAA-3’and hTERT-2620A (5'-CGCAAA
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CAGCTTGTTCTCCATGTC-3"). The cycling conditions
were 95°C for 300s, followed by 45 cycles of 95°C for
30s, 58°C for 10s, and 72°C for 40s. The hTERT mRNA
levels were normalised to &-actin mRNA levels. As
negative control, no template control (NTC) was used.
Relative changes in hTERT expression was analysed
by 2"4ACT method from gRT-PCR experiments using
the expression of &-actin gene as the reference. The
sample used as control was denoted as calibrator
sample (from CVD patients from As-unaffected areas)
and the samples from CVD patients from As affected
areas were denoted as test sample. The ratio of the
target gene expression was calculated in the test
sample over the calibrator sample. This ratio is the
expression fold change or relative quantification of
gene expression. All the reactions were done in
triplicates and average Ct (cycle threshold) values were
taken for analysis.

Quantitative real-time polymerase chain reaction
(gPCR) for telomere length measurement: Two master
mixes of PCR reagents were prepared, one with the
telomere (T) primer pair, the other with the single copy
gene (S) primer pair. Thirty microliters of T master
mix was added to each sample well and standard
curve well of the first plate and 30 pl of S master mix
was added to each sample well and standard curve
well of the second plate. For each individual in whom
the T/S ratio was assayed, three identical 20 pl
aliquots of the DNA sample (35 ng/aliquot) were added
to plate 1 and another three aliquots were added to
the same well positions in plate 2. For each standard
curve, one reference DNA sample was diluted serially
in TE buffer by <*1.68-fold per dilution to produce five
concentrations of DNA ranging from 0.63 to Sng/pl,
which were then distributed in 20 ul aliquots to the
standard curve wells on each plate.

The composition of T and S PCRs were identical except
for the oligonucleotide primers. The final telomere
primer concentrations were: tel 1, 270 nM; tel 2, 900
nM. The final 36B4 (single copy gene) primer
concentrations were: 36B4u, 300 nM; 36B4d, 500 nM.
The primer sequences (written 52’132 ) were: tel 1,
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GGTTTTTGA GGGTGAGGGTGAGGGTGAGGG-
TGAGGGT; tel 2, TCCCGACTATCCCTA
TCCCTATCCCTATCCCTATCCCTA; 36B4u,
CAGCAAGTGGGAAGGTGTAAT CC; 36B4d,
CCCATTCTATCATCAACGGGTACAA. The thermal
cycling profile for both amplicons began with a 95°C
incubation for 10 min to activate the AmpliTaq Gold
DNA polymerase. For telomere PCR, there followed
18 cycles of 95°C for 15 s, 54°C for 2 min. For 36B4
(single copy gene) PCR, there followed 30 cycles of
95°C for 15 s, 58°C for 1 min.

Statistical analyses: For data analysis, the data was
transformed by taking the log (base, ) to reduce the
skewness evidentin hTERT. The relationship between
continuous dependent variables (nTERT mRNA
expression) and independent predictor variables was
evaluated using simple linear regression model and
Spearmen correlation coefficients. Continuous
variables were expressed as “Mean + Standard Errors
of Mean (SEM)” and categorical variables as
percentages. Microsoft Excel, SPSS and RStudio
were used to conduct statistical analysis. All reported
p values are two-sided and values less than 0.05 were
considered statistically significant. Same process was
followed for telomere length measurement.

Results

Atotal of 53 CVD patients who underwent open heart
surgery were recruited for this study. Of them 34
patients were from known As-affected areas (As-
exposed group) and 19 patients were from known As-
unaffected areas (As-unexposed group) of Bangladesh.
The mean age of the patients from As-affected areas
was found slightly higher (51.6+£6.9 years vs. 46.4+11.3
years) than that of the patients from As-unaffected
areas. But no significant difference (p=0.273) was found
for the age of the two patient groups. The association
of the occurrence of coronary artery disease (CAD)
with arsenic exposure was found significant (p=0.014).
Significantly higher As concentration was found in the
nail samples of the patients from As-affected areas
(391.2+264.7 ppb vs. 183.9191.9 ppb) than in the
patients from As-unaffected areas (table I).

Table I: Distribution of study population characteristics (n=53)

Variables CVD Patients from CVD Patients from P value
As -affected As-unaffected
areas (n=34) areas (n=19)
Age (years) 51.61£6.9 46.4+11.3 0.273
Cases of Coronary Artery Disease (CAD) 27(79.4%) 8(42.1%) 0.014
Nail As conc. (ppb) 391.2+264.7 183.9+91.9 0.038

The values are shown as MeantSEM (except where indicated otherwise).
The p values in ‘bold’ are significant (significance level is p< 0.05)
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Relation of age with hTERT expression and telomere
length: Higher hTERT mRNA levels and telomere
length were found in patients with increasing age
(figure 1). Statistical significance was found for the
association of age with hTERT mRNA expression
(p=0.005) (figure 1 A) but not with telomere length
(p=0.525) (figure 1 B).

Relative expression analysis of hTERT gene and
measurement of telomere length in patient groups:
Relative expression of hTERT gene in As-exposed
patients group compared to the As-unexposed patients
group was calculated as fold changes by AACT
method. The patients from As-affected areas showed
approximately 9.7 fold higher (normalized with
reference gene, actb) expression of h"TERT gene than
the patients from As-unaffected areas (figure 2).

Measurement of relative telomere length in As-exposed
patients group compared to the As-unexposed
patients group was also calculated as fold changes
by AAC; method. The patients from As-affected areas
showed approximately 1.4 fold higher (normalized with
reference gene, rplpo) telomere length than the
patients from As-unaffected areas (figure 2).

Relation of As-exposure with hTERT expression and
telomere length: The increase in the relative hTERT
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MRNA expression level and telomere length among
study subjects were significantly associated with the
concentrations of nail (figure 3) Spearman coefficient,
r =0.407 and P=0.001 represents the significant
association of hTERT expression with nail as
concentration figure 3 (A). Similar significant
association was also found for the telomere length
with the concentration of nail as (r=0.437, p=0.003)
(figure 3 B).

Relative hTERT mRNA expression levels and telomere
length in patients with Coronary Artery disease (CAD):
Among our total study subjects (n =53), 35 patients
were diagnosed with CAD. Other 18 patients were
diagnosed with various types of cardiovascular
diseases other than CAD. Average expression of
hTERT gene (Figure: 4) and telomere length (Figure:
4)in CAD patients group compared to the non-CAD
patients group were calculated as fold changes by
AAC; method. The CAD patients showed
approximately 3.4 fold higher (normalized with
reference gene, actb) expression of A TERT gene than
the non-CAD patients group. The CAD patients also
showed approximately 1.5 fold higher (normalized with
reference gene, rpolp) telomere length than the non-
CAD patients group (figure 4).
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Figure 1: Association of relative h"TERT mRNA expression levels (A) and telomere length (B) with Age. Here,
hTERT expression levels and telomere length are shown as log transformed value. In figure (A), the trend line
indicates significant association of higher A TERT mRNA levels with the higher Age (Simple Linear regression
model: n =53, r=0.392, p=0.005). In figure (B), the trend line indicates the association of higher telomere length
with the higher age (r=0.122, p=0.525). Spearman correlation coefficient, r= 0.392 (A) and r=0.122 (B) indicate

very weak correlation with age.
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Fold difference of h\TERT mRNA expression and telomere length
between As-exposed and un-exposed patient groups
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Figure 2: Average fold changes in hTERT gene expression and telomere length in the patients from As-
affected areas in comparison with the patients from As-unaffected areas.
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Figure 3: Association of (A) " TERT mRNA and (B) telomere length with nail as concentration. The trend lines
in both (A) and (B) graphs indicate the significant association of higher h\TERT mRNA levels (log) and telomere
length (log) with the higher as concentration in nail samples.
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Figure 4: The average fold changes of h\TERT mRNA
expression and telomere length in the CAD patients
in comparison with the non-CAD patients.
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Discussion

Cardiovascular diseases are the leading cause of
mortality worldwide and chronic arsenic exposure has
been implicated in various subclinical and clinical
outcomes of cardiovascular system including carotid
atherosclerosis, hypertension, coronary artery disease
etc.20 The association between arsenic exposure and
CVDs is an area of increasing research interest.
Independently of age, telomeres may be associated
with the initiation of CVDs and telomerase activity
seems to be a key element in maintaining telomere
integrity.2! Arsenic may play a role on telomere length
through up-regulation of telomerase (TERT) activity.”
In our study, we observed a positive correlation of
chronic As exposure with hTERT mRNA expression
and telomere length through a comparative study of
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As-exposed and As-unexposed CVD patients,
suggesting their possible combined role in As-induced
CVD pathogenesis.

Nail arsenic concentration is considered as a viable
biomarker for the assessment of chronic arsenic
exposure.'422.23 We found significantly higher As
concentration in the nail samples of CVD patients from
As-affected areas compared to patients from
As-unaffected areas, clearly indicating long-term
exposure.

Chronic arsenic exposure has been shown to increase
hTERT gene expression in blood cells. A positive
association has been found between hTERT expression
and concentrations of arsenic in the nails.'* hTERT
mRNA expression in peripheral blood cells is positively
correlated with As exposure in case of As-induced
CVD."® In our study, we found significant association
of hTERT expression with nail As concentration
(r=0.407 and p=0.001) (figure 3A). We also observed
approximately 9.7 fold higher h"TERT expression in the
As-exposed CVD patients than in the As-unexposed
patients. Our results seem to be supportive of previous
findings.'* 16 However, hTERT expression seems to
behave the other way in case of CVDs not related to
arsenic exposure since lower telomerase activity has
been reported in hypertensive humans.2* Our finding
shows contradiction between As-induced and As-
independent cardiovascular conditions.

Arsenic exposure has been shown to be associated
with longer telomeres in peripheral blood.®17:25 We
found a significant association between telomere
length and concentration of nail As (r=0.437, p=0.003)
(figure: 3 B). The As-exposed CVD patients showed
approximately 1.4 fold higher telomere length than
the As-unexposed patients. Studies have shown that
CAD patients, not related to arsenic exposure, have
shorter telomeres in circulating blood cells compared
with control subjects.2% 27 Another study showed
that hypertensive patients had shorter telomeres than
healthy subjects.?® Those findings clearly suggested
that the presence of shortened telomeres is a major
anomaly in atherosclerotic coronary diseases, which
is clearly not the case with our study subjects.

However, in comparison to the circulating leukocyte
telomere shortening that is usually associated with
cardiovascular risk, long telomere length and
telomerase activation have been observed in leukocytes
isolated directly from human unstable coronary artery
plaques??-3! suggesting a possible role in the early
phases of instability. In our study, the association
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between occurrence of CAD and arsenic exposure was
significant. A positive association has previously been
reported between hTERT expression and CAD.'® We
report approximately 3.4 fold higher expression of
hTERT gene and 1.5 fold higher telomere length in CAD
patients group than the non-CAD patients group.

Our results suggest that As-induced CVD
pathogenesis may possibly adopt a mechanism
somewhat different from that of non-As-induced CVDs.
To our knowledge, this is the first attempt of
investigating the coordinated effects of chronic arsenic
exposure, hTERT expression levels and telomere
length in As-induced CVD susceptibility.

Conclusion

The most intriguing part of our observation is the
possibility that CVDs associated with As exposure may
have a different underlying mechanism from that of As-
independent CVDs. We observed elevated hTERT
expression and increased telomere length in CVD
patients with increasing exposure to arsenic. Moreover,
CAD patients showed higher hTERT expression and
telomere length than the non-CAD patients. Further
research is required to use telomerase activity and
telomere length as a biomarker to predict CVD risk
associated with As exposure which in turn may lead to
novel diagnostic and therapeutic approaches to
combating cardiovascular diseases more effectively.
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