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Evaluacion de biomarcadores de riesgo cardiovascular en poblacion

expuesta a arsénico (As) y plomo (Pb)

Resumen

Las enfermedades cardiovasculares (ECV), son un grupo de trastornos que
afectan al coraz6n y a los vasos sanguineos, representan la principal causa de
mortalidad y morbilidad, tanto a nivel mundial como en nuestro pais. La condicion
patolégica que los inicia es un proceso conocido como disfuncién endotelial. En
este contexto, se ha demostrado que existen factores de riesgo asociados al
desarrollo de ECV, como el tabaquismo, la diabetes, la hipertension arterial, la
obesidad; y recientemente se ha confirmado que la exposicion a compuestos
toxicos ambientales, como el arsénico y el plomo, representan un factor importante
gue puede desencadenar el inicio de este proceso patolégico, dada su capacidad
de generar especies reactivas de oxigeno. Por otro lado, los determinantes
genéticos han sido reconocidos como factores de riesgo criticos en el inicio,
desarrollo y establecimiento de enfermedades cardiovasculares, un ejemplo son
los polimorfismos de un solo nucleédtido (SNP), por ejemplo, diversas
investigaciones han demostrado una asociacion entre el polimorfismo del factor de
crecimiento transformante Bl (TGF-B1) (C509T; rs1800469) y un mayor riesgo de
ECV. Aunado a lo anterior, también se ha demostrado que tanto el arsénico
como el plomo, inducen alteraciones a nivel epigenético (cambios en la
estructura quimica del ADN), siendo la modificacion de la expresion de ciertos
ARN no codificantes (microARN) uno de ellos, debido a evidencias recientes

sugieren que es capaz de influir en la expresion de microRNA (miRNA) lo que



afecta la funcién celular e influye en el riesgo de desarrollar ciertas enfermedades;
ademés de que los miRNA responden a numerosos agentes toxicos ambientales,
lo que indica su utilidad como posibles biomarcadores de exposicion. Entre los
mMiRNA que se han asociado a la exposicibn a metales pesados se encuentran
miR-126 y miR-155, los cuales aumentan o disminuyen su expresion con la
exposicion al plomo. Debido al gran impacto que generan las ECV la identificacion
adecuada de personas con alto riesgo de desarrollarlas es un gran desafio para
su prevenciéon. En este sentido, varias investigaciones cientificas han propuesto
numerosos biomarcadores no invasivos y de bajo coste para detectar poblaciones
vulnerables; sin embargo, su utilidad en individuos expuestos a contaminantes
ambientales y con predisposicion genética (polimorfismo), no ha sido
completamente investigada. Por tanto, el objetivo de este trabajo doctoral fue
evaluar la concentracion de biomarcadores de riesgo cardiovascular en poblacion

adulta expuesta a arsénico (As) y plomo (Pb).

Metodologia

Se realiz6 un estudio transversal, de conveniencia, no probabilistico. La poblacion
de estudio fueron habitantes mayores de edad, ambos sexos, residentes de la
comunidad Las Palmas, municipio de Tamuin, SLP. Esta localidad es
considerada zona de riesgo debido a la cercania de la comunidad con dos
termoeléctricas y una planta cementera. La aceptacion para participar en la
investigacion se obtuvo mediante la firma del consentimiento informado de la
poblacién de estudio. Se registraron las medidas antropométricas de cada

individuo, asi como se colectaron dos muestras de sangre y una de orina, las



cuales se resguardaron a -80°C y -20°C, respectivamente hasta su uso. Se
midieron los pardmetros bioquimicos (glucosa, triglicéridos, colesterol, HDL),
empleando un método enzimatico colorimétrico y un espectrofotometro UV/Vis.
Los niveles de As urinario y Pb en sangre se determinaron mediante la técnica de
espectrofotometria de absorcion atémica. Los biomarcadores de riesgo
cardiovascular: ADMA y FABP4 se evaluaron mediante inmunoensayo enzimatico
tipo sandwich (ELISA), la expresion de miRNA-126 y miRNA-155 en plasma se
determinaron mediante RT-gPCR y finalmente se analiz6 la presencia del
polimorfismo TGF-B C509T (rs1800469), en las muestras de sangre y empleando
la técnica de RT - PCR y usando sondas TagMan. Las pruebas estadisticas
empleadas fueron prueba de kolmogorov-smirnov, Shapiro wilk como pruebas
para determinar la normalidad de los datos, y posteriormente se realiz6 una
clasificacion de la poblacidén en dos grupos (baja y alta exposicion) utilizando como
referencia las NOM-047-SSA1-2011 y NOM-199-SSA1-2000, se utilizé la prueba
T-Student y prueba U de Mann-Whitney para la comparacion de los grupos.
Finalmente se empled la prueba de Kruskal Wallis para la comparacion de los
grupos expuestos al contaminante ambiental con o sin presencia del polimorfismo.
El analisis de datos se realizd utilizando GraphPad Prism 5.01 (GraphPad

Software Inc. La Jolla, CA, EE. UU.).

Resultados
La poblacion de estudio estuvo conformada por 53 adultos, con un intervalo de
edad de 18 a 87 afios, de éstos, el 64% son mujeres. Con una media de peso

corporal de 68.9 kg y mas del 70% de los individuos presenté un IMC por encima



del valor de referencia. Respecto a los parametros bioquimicos la poblacién
presentd niveles medios + desviacion estandar de triglicéridos y colesterol LDL de
125.6 £ 70.04 mg/dL y 94.3 + 14.01mg/dL, respectivamente. Los niveles urinarios
de As oscilaron entre 11.5 y 175 pg/g de creatinina, con una media de 43.9 ug/g
creatinina y los niveles de Pb en sangre tuvieron una media * desviacion estandar
de 7.6 + 5.8 ug/dL. La frecuencia alélica para el polimorfismo TGF- C509T fue de
0.37 y 0.63 para los alelos C y T, respectivamente, por lo que mas del 80% de los
participantes tiene la presencia del polimorfismo analizado. Los niveles séricos
medios de ADMA y FABP4 fueron 1.35 + 0,35 pmol/l y 26.9 + 19.40 ng/ml,
respectivamente. Por su parte, los niveles seéricos circulantes de miR-126
presentaron niveles de 1,28 £ 0,7; mientras que miR-155 presento niveles de 1,68
+ 1,2. Se detectaron asociaciones estadisticamente significativas (p< 0,05) entre
los biomarcadores de exposicion (As y Pb) y los biomarcadores de riesgo
cardiovascular (ADMA y FABP4), asi como asociaciones significativas entre miR-
126 y los niveles de plomo en sangre y entre miR-155 y los niveles de plomo y

triglicéridos en sangre.

Conclusiones

Se detectdé una asociacion positiva entre los niveles séricos de biomarcadores
predictivos de ECV (ADMA, FABP4 y AIP) y los altos niveles de exposicion al
arsénico y plomo (factor ambiental) y el polimorfismo TGF-B C509T (factor
genético). Ademas, nuestros hallazgos sugieren una interaccion gen-ambiente
sobre los niveles de los biomarcadores de ECV evaluados en esta investigacion.

En consecuencia, la poblacion evaluada podria presentar riesgo de desarrollar



eventos cardiovasculares. Sin embargo, se necesita investigacion adicional para
aclarar mejor estas asociaciones, particularmente con estudios epidemiolégicos

en poblacion abierta.
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Abstract

Objective Cardiovascular diseases (CVIN are the primary cause of death worldwide, Therefore, thas investigation aimed o
evaluare the effect of arsenie exposurne and genetic polymorphism (rs] 3069 on cardiovascular risk bdomarkers levels i
a Mexscan adult population.

Methods Then, a cross-seciional study was completed. mcluding 155 adulis, Unnary arsenic (UAs) levels were analyzed
as an exposire biomarker, and assessed cardiovascular Ask blomarkers were: serum ADMA and FABPS concentrations and
atherogense indices (Casizll risk index and athesogensc index of plasma). Gentrification of TGF-f CHET polymorphism
(ra 1 B00469 ) was deterrdned by real-time polymerase chain reaction (PCR) using TaghMan probes.

Results LlAs levels ranged from 10.5 1o 175 pede creatinine. The allele frequency for TGF-f CH3AT polymsorphizm was
0.37 and 0L63 for the C and T alleles, respectively. Mean serum ADMA and FABPA levels were 135 20035 prol/L and
2204+ 950 ngiml, respectively. Also, statianeally significant associatons (p< 005) were detected between the exposurne
biomarker {UAs) and the cardiovaseular sk Momarkers (ADMA and FABP4). Similasly, a strong relationship was detected
berween the TGF-g CHET polymorphism and assessed cardiovascular risk biomarkers (ADMA and FABP4). In addition,
a pene-enyironmental inleraction was found.

Concheshon Chur findings suggest a gene-enviromment inleraction with an enhanced effect on CVD blomarkers.

Beywords ADMA - Arcenic - Atherogenic mdex of plaima - Candiovaseular disesses - FABPY - TGF-f CS3AT
polymorphism

Introduction

Cardsovascular diseases (CVID) are recopnized as the pri-
mary cause of morbidity and moraliny worldwade [1].
In this line, muluple risk factors ane associated with the
development of CWID, such as smoking. diabetes, arterial
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hyperiension, obediry, genetic determinants, amd environ-
mental factors, among others [ 1), Concerning envirommental
rask factors, several studies have shown a positive association
berween humsm exposure 10 several toaie compounds and an
inerensented susceptibality 1o the development of cardiovas-
cular diseases [2]. Recently, Muvolone et al. found a strong
association berween exposure o high concentrations of inor-
game arsemc via drnking wates (= 10 pgl) and the develop-
ment of cardsovascular diseases in a popubation-based cobort
[2]- In the central region of Mexico, whene San Luis Potosi
state 15 located, high levels (= 250 pg/l; Mexican guide-
line) of inorganic arsenic have been found 10 groudwates
samples. Besides, groundwater supplies approximately 506
of the drinking water 1 this region of Mexioo, Therefore,
an elevated proportion of people living in San Luis Poosi
slate are exposed 1o concerning comcentrations of inorganie
ardenic through drinking water consumption [3].

£1 Springer
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Adso, genetic determinants have been recogmzed as crin-
cal risk factors in the onset. development, and establislhment
of candsovascular diseases [4). For example. emerging epade-
mrological mvestgations have demsonsirated a stromg asso-
caation between the ramforming growth factor-fil (TGE-pi1)
polymorphism (C300T; r1800469) and an increased risk
for CVID [5, 6], The TGF-p protein s invoelved in inflam-
matory response modulation, cell proliferation, immune
response, malrix synthesis, and nssue repair, among otlers
[&). The TGF-p1 gene in human cells 15 located on clino-
mosome 1913 with seven exons that encode a peptide of
approsimately Y00 amino acids [6, 7). Besides, several sin-
gle nucleotide polymorphisms (SNPs) bave been detected
uy this gene, as previously demonsirated elsewhere [T].
The CHET TGF-p polymorphism 15 found i e promoter
regioi of the gene al aucleotide 509 {a substiution of eyio-
sine for thymine) [T]. The C— T substiution 12 associated
with an iscrement in the production of the TGFPL protein
[8]). Moreover, the augmented expression of the TGFpL
cytokame 1% related 1o an ncresed rsk of developing several
dizeazes, incloding CVD [9, 10].

The World Health Organization (WHO) has established
that the beat tactic o combat CWID s to preveat it [11].
Then. early and precise recogmtion of high-risk ndivida-
als is imperative o reduce these diseases. In this regand.
several scientific imvestigations have proposed mumerous

mon-invasive and low-cost bromarkers 1o detect vulperable
populatons. [12, 13]. However, their unlity in isdivaduals
exposed 10 environmental pollutants and with a genetic pre-
disposition {polymorphism) has not been fully ivestgared.

Although the C509T TGE-f polymorphizsm and arsenic
exposure have been associated independently with CVD,
the mterplay between both factors (gene-enviromment inler-
action) on cardiovascular fsk in different populations has
been poordy investigated. Therefore, this investugation aims
o evalwate the effect of iInorgamc arsenc exposure and the
CH09T TGF-p polymorphism (gene-environment interac-
tion ) on cardiovascular risk Momarkers levels in an adult
population from San Luis Potosd, Mexico,

Results and discussion

Anthropometric measurements, clinical
characteristics, and biochemical profiles

Table | descrbes the anthropometric measurenments, climl-
cal characteristics, and biochemical profiles oblaned from
the enrolled parteipants. Approximately 64% of parc-
pants were womei, and the age range was: 18-87 years
(mezan =305 + 20.0). Owverweight and obesity were detecied
in approximately 0% of the included population (mean

Tahle 1 General charscieristics

of the po _ Warishles Blizan (SD¥) diedian Eange 3:,:::-
walue®

Age {years) SO0UF 2000y 330 18.0-87.0 =

Weight (Kgi 685 15.00 670 A% 010 =

Height (om) 155 (9.5 155 180183 =

Whisthip imdex L T Y] L] (LB0-1. 10 G0
Baody mass index |tg.'n1.:| 2800 5.0 175 19,5405 =

(€ senee ) Mormal (18.5-24.9) I00 180 o 19.5-25.0 kil
Orerweighi (25.0-29.9) 20311530 ns 250300 Im
Chhessity (2 30) 330530 us -3 Joum
Diasiolic blood pressare (mmHg) TLI (10 T 550500 [{FTH
Sy=molic blond pressure {mmHg) 120 15.m 1180 1{H-1435 iy
Glucose {mgidL) 4.3 (3.0 810 590220 15.0
Trighycerides imgddLp 135 (T.m 125 BT A-260 k]
Tatal chiclessernl {mgtdl.) 165 (45.0) 175 150275 50
HDL chidestzrol img/dl 41.5(35.m 30 1752000 15.00
LDL chadesseral img/dLp 2150145 X35 SAN-TE.D (LT
Ulrinary arsemic {pg's creatinine) 45000301, ETHTH] 11.5-175 5.0

Dz are represented & arithmetic mesn with sendard deviation (50 and median with range from mimi-
e o maximum. #Reference value. Waisthip index=048, Sysolic blood pressure= |30 mmHg. (lames
e al. | 16]). Diasiolic bleod pressare = %0 mmHg (James et &l [16]) Gloooses= 110 mgfdL. (Li e al. [17]0
Triglycerides = 150 mgAdL.. (1 e al [17]). Total deoleserol= 200 mgfl. (i et al [17]. HOL choles-
terol =43 magtdl. (lii etal [17)k LDL cholesterol = 100 ngidL. (lii et al. [17)L—variahles without refer-

e values

&) Springer



Tomoology and Envisnnmental Health Sciences

BMI= 2808 kgfm®). Also, all of the participants had a wais!
hip index greater than (L8, Both paranseters {walst/ldp and
BMI) are considered imporant risk factoss in cardiometa-
bolic diseaze development [ 14]. Respectuing SBF and DB,
levels ranged from 1000 to 145 mmHg for SBP; and for
DBEP from 550 o W0 mmHg. For biochemical analyaes,
33% of the partcipants had TG levels above 150 mgfdl.
while 25% had serum TC concentrations above 200 mg!
dL. Besades, HDL cholesterol levels ranged from 17.5 o

200 mefdL [15).
Urinary arsenic determination

The resuls of ernary arsemie conceatratlons are shown in
Table 1. A mean urinary arsenic level of 450 pef g creatiname
was Found pin the assesasd population (range: 11.5-175 pefg
creatimne), and 353% of enrolled mdividuals have wrnary
ardenic levels above the reference value in Mexseo (35 pofg
creatining) [13]. According 1o this guideline, the assessed
population was classified (ot two groups, low exposare
(235 pefp creatinine ) and high exposure (> 35 pelz creani-
nuie ). Mean valwes of unnary arsenie of 235 + 6,50 pefg
creatinine and 585 + 320 pgie creatinine were detected for
bovw and high exposure groups, respectively. Adso, the mean
urinary arsen concentration detected in the high exposure
group (585 + 320 pe's creatinine) 15 lgher than the pre-
vention limit value recommended by the CDC {Center for
Misease Control) in the USA of 30 pele creatinine [19].
Regarding urinary arsenic levels in natonal surveys per-
formed around the world, the 2003-2014 Matonal Health
and Mutrition Examimation Survey (NHAMES) in the USA
found a mean urine arsenic level of £.50 pefe creatinine
w andividuals aged 30 years and older [20]). The French
Marsomal NMutritson and Health Stady (EMNNS) quantfied a
msean comcentration of urinary arsense of 890 pele crean-
nuie 1 adulis aged 18-30 years [21). For stusdies carried
oul in Mexico, Sinchez-Rodriguez et al. found mean uri-
nary arsendic levels of 19.0 pgle creatinine in people aged
1853 years old in the morthern region of Mexieo [22]. S
lar results were found by Gamboa—Loira et al., a mean uri-
nary arsenie level of 2002 ppfe creatinne of arsenie in wrine
was detected in women aged 18 years and older from the
following Mexican states: Chilsahia, Coaluila, Durango.
Muevo Leon, and Somora [23). Inconclusion, high exposure
levels o arsenie were detected in this researnch.

TGF-B polymorphism (C509T)

In this study, the allele freguencies (C309T gene poly-
morphism) were 03T and 0063 for the C and T alleles,
respectively (Table 2). Regarding the genotypic frequen-
cles, 14% of the asaessed population were homozygous for
the C allele (OC genotype), 405 wene bomozygous for the

Table 3 Genotypic and dielic

Frequencies of the TGF-f§ ety ad
CAET polymorphism in the o 14
asessed populmion T 4%
TT LU
Aldlele Frequency
o 137
T 63

T allele (TT genoaype), and 46% were heterozygous for
the CS50AT gene polymorphism (CT genotype) {Table 2).
The 7 tear for Hardy—Weinberg equilibrinm was used 1o
asgess he difference between expected and observed allele
frequencees [24]. No significant deviation in the O allele
frequencees was obaerved from the Hardy—Weinberg equi-
Libriwm (' =p = 005

The Transforming Growth Facror-f (TGF-f) pro-
teins famaly is essential in intercellular communication
procesaes in multicellular organisms [23]. However, the
protedns impact a broad range of signaling pathways that
influence numerous cellular processes [26). These involve
bt are pol restricted 1o, embryogeneais, Nssme responaes
to injury, regolation of the immune system, cancimogen-
eads, cell proliferation, extracellular matrix degradation
and synthesis, and cell migration [27). Besides, the aler-
ations in the production and/or function of TGF-B pro-
teing have been associated with several human diseases.
incloding CVID [25]. In this line, genetic polymorphisns
of cricial protemns in different signal pathways bave been
related to CVIDL Some genetic polymorphisma located in
the TGF-P gene are assoctated with CVD development.,
including L10P, R25P, and TR69C [4). Concerning the
CS509T polymorphism simated in the TGF- promoter
region, several studies have shown that the presence of
the T allele 15 associated with an overproduction of the
TGE-p protein and an iereased rsk i the development
of CVID [29]). Recently, Koch er al. demonstrated a higher
risk of myocardial infarction for the carriers homozygous
af the T allele (TT genotype) compared o those homozy-
gous for the C allele (CC genotype) and heterozygous (CT
genatype) in an adult German population [30]. Peng et al.
concleded a case—control study in a Chinese population
(aged 42 1o 76 years), an increased T allele frequency n
patents atl risk of atherosclerotic siroke compared o the
control group was found [31]. Although several studies
have demonstrated strong associations between the C309T
polymorphism and high risk of cardiovascular diseases,
insufficient studies have been performed 1o evaluate syn-
ergic effects between the presence of the C309T polymor-
phism in populations exposed 1o environmental contami-
nants {gene-environment mteraction) (Fig. 1).
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Fig.1 The geographical location of the Ejido “Las Palmas”, Tamuin msmcipality, San Luis Potosi, Mexxo

Table3 Assessed CVD baomarkers in the enralled population

CVD Biomarkers Mean {SD) Madian  Range

ADMA L35(0.35) 120 0.20-3.60

FARPY 20(950) 225 4.10-96.5

Atherogenic index of plasma  0.30(0.20) 055 ~030w0 LIS
(AIP)

Castelli's nsk index (CRI) 5.10(225) 480 125115

Data are represented as arithmetic mean with standard deviation (SD)
and median with range from mimimum 10 maxisem

Serum CVD biomarker concentrations

Mean circulaung levels of ADMA and FABP4 were
1.35+0.35 pmol/L and 22.0+9.50 ng/mL (mean + stand-
ard deviation), respectively (Table 3). In additon, appeoxi-
mately 60% of assessed women had levels above the
guideline suggested for serum ADMA (0.71 pmol/L) [32].
Concerning serum FABP4 concentrations, nearly 55%
of participating women had serum FABP4 levels higher

@ Springer

than [8.6 ng/mL (proposed cut-off value) [33]. ADMA
levels were significantly higher (p<0.05) in the high
exposure group (1.45 +0.75 pmol/L) compared to serum
ADMA concentrations detected in the low exposure group
(0.75 £0.35 pmol/L) (Fig. 2A). Similar results were found
when serum FABP4 levels were explored, significantly
higher Jevels (p <0.05) were quantified mn the high expo-
sure group (30.0+ 10.0 ng/mL) in comparison 1o mean
FABP4 concentrations detected n individuals categorized
in the low exposure group (16.0 +8.50 ng/mL) (Fig. 2B).
Besides, when serum ADMA levels were analyzed accoed-
ing 10 TGF-B CS09T polymoephism (CT and TT genotypes
were combined assuming 1o have a domsant allele effect).
significantly higher levels (p < 0.05) were detected in people
with the CT/TT genotype (1.25+0.30 pmol/L) compared
1o ADMA concentrations in individuals with the CC geno-
type (0.65 £0.35 pmol/L) (Fig. 3A). Similarly, signaficantly
higher (p <0.05) serum FABP4 levels were found in the CT/
TT genotype (24.049.00 ng/mL) group, contrasted to the
CC genotype (18.0+9.00 ng/mL) groups (Fig. 3B). Also, a
multivariate linear regression analysis was accomplished,
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and all assessed varables were mncluded in the models
{Table 4). Sygnaficant predictors (p < 005 for serum ADMA
concerlralions. wene urimary arsenie levels, TGE-f C500T
polymaorphism, and waisthap rano (Table 4). Regardmg
FABP4 analyvsas, sigoificant predictors (p <0.03) for serum
FAEP4 levels were TGE-f CS09T podymorphism and wansy/
g ralvo [ Table 4).

In this regard, an increasing aumber of emerging sci-
eniific research have recogmized ADMA as welulness and
rehable biomarker in the early wlennbcaton of mgh-rsk
mndividuals 1w develop CVIN [34], as serum ADMA levels
are increased in different adverse clinical circumstances
Imked with cardiovascular events. For example, Aver
el al. comducted a case—conirad sudy o bealthy normal-
weight, amd obese Tarkey individuals. Significant highes
ADMA levels were detected i the obese groups companed
o ADMA concentrabons quantiied in the healthy mdi-
viduals, Bessdes, mean ADMA levels in suhjects calego-
rized as obese were hgher than U07T] pmolfL, a guedelms
consudered safe [35]. Also, a recent cross-sectional study

developed m Bosman isdivedsals suggests an asgmenied
candiovascular fsk for diabetic people conmpared 10 healthy
subjects, as serum ADMA concentrainns were higher i
deabenc imdivaduals (1851 015 pmol/L) compared 1o
coalrols subjects D682 +0.15 pmolfl) | 36]. Ciamil &1 al.
M0 performed an investiganon thar aimed o evaluate
serum ADMA levels in patents with diagnosed esential
hypertension and pamed control subjects in a Sudanese
population. Mean serom ADMA comoeniralion wene sig-
mbcantly higher i individuoals with essennal hyperten-
slom (069 +0.33 el L than ALMA levels detected 1
thee healthy growp (0062 + 0,24 pmeol/L) [37). Furthermone,
Giasecka et al. 2021 found significantly higher mean lev-
els of serum ALDMA (DL60 = 0010 pmol/l) m pabents
after acute myocardial infarciion (AMI) in comparison 1o
serum ADMA concentraiions detected in healthy controls
(005 = (L0 oLy [38].

Eeganding FABFY. numerous recenl mvesiigainms have
demonsirated s key role a3 a cardhiovascular biomarker
i dafferent populatoms [39). Yeung et al. 2007 examined

£ Springer
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the associaton berween serunm FABPY bevels and the well-
recognized atherosclerte biomarker, the carotid imtima-
meedia tnckness (LM The mvesngation was developed m
a women Chinese population. The findings showed a signifi-
canl correlaton between both markers (FABFY and IM1),
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Dependent varishle Asherogenic varinhles # SE I R of the neodel
AlNA Constant e 1] Ll Lk ELLIE
(umodL} Arsenic (pgfg creminine) ]} 00035 Do

Waisthip ratio 115 L) (L

TGF-fi paly msorpdism n45 1 (LS
EABPY Constant 450 175 (KRR NN
{ng/ml.} Waisihip 445 1438 (001

TGF-f pol ymcerphism 197 254 (025

All assessed variables im this imvestigation (Table 1) were incbsded in the multple linesr regression analysis

#. standardized regression coefficienss; SE. sinndend errer; C, estinated intercept value

supporing the wlea that FABPY can be used as a reliahle
biomarker in the identificaton of hgh-risk individuals wo
develop CVD [40]. (na et al. performed a case—contnod suody
o assess the associalon between serum FABPA concenlra-
tons with hypertensson in a Japanese populanon. Higher
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serwm FABPY levels were detected in patents with essen-
tial hypertension (22,5 ngfml) compared o levels found in
healthy individuals {15.0 agfml) [41]). Also, Kajiya et al.
demonsirated higher serum FABPA levels in CAD (coronary
artery disease) patients {234 ngfml) compared o FAEP4
concentrations in healthy individals (150 ngiml ), the find-
gs i Bajiva et al_ indscate that FABPA plays a critheal role
s e development of CVID such as CAT [42).

Atherogenic indices

For Castelli’s risk index (CRI), 2 mean valse of 5.10+2.2%
{mean + standard deviation) was estmated (Table 3).
Besides, approximately 50% of enrolled individuals
are at lgh risk of CVD, aceording 1o the CRI guideline
(CRI= 4.5, kigh risk) [43). Reganding the atherogenic index
of plasma (AIP), a mean value of 0.50 =030 was fousd
{Table 3). Also, nearly 5068 of participants are clasaified as
at high risk according 1o ATF gusdeline values (AIP =021}
[44]. Mext, the earolled population was categorized aceond-
g 1o urinary arsensc levels as follows: low exposune group
(<35 pg wrinary arsemiclg creatinineh and high exposure
group (> 3% pg urinary arseniclg creatinine). Signifcant
higher AIP values (p< 0005} were found in the kgh expo-
sure group (0L60 £ 0015) compared w AIP levels detected
1 the low exposure growp (40 +£0025) (Fig. 20 No sig-
nificant (p > 0005) differences were observed for CRI val-
ues when low and high exposure groups were oonlrasted
(Fig. 2. Also, significant differences (p<0.03) were per-
ceived through TGE-P C309T poly morpldsm, higher ALIP
valwes were detected in individuals with the CT/TT geno-
type (061 £0.25) compared 1o AIP value found in people
with the OC genotype (020 £ 0015 (Fig. 3C). Sirmlar resulis
were detected when CRI was analyzed through TGF-
CHAT polymorpldam, CTTT genoaype (5.7 + 1.10), and
O genotype (3.1 20075) (Fig. 300, A multvanate linear
regression analysis was completed 1o evaluate predictive
variables for AIP and CRI. However, the performed models
for both dependent variables were not significant (p < 0.05)

A usefal tactic in the banle againgt CVID is the early and
accurate detection of high-risk indivaduals. In this sense,
some atherogenic indices have been sugpested as effective
alternatives in the risk prediction of CWD events. For exam-
ple, Miroumand et al. demonstrated in a eross-sectional siudy
{lrani population; n= H00) tsat ATP could be used as a wen-
sible and predicive CVI biomarker in the general popula-
tiom, specifically when other risk factors are nol modified
[45). Also, Caa et al. i a case—comrod investigation (Chimess
population; r=5387) have shown that AP ix an isdepend-
ent and effective predictor biomarker for cardiovascular das-
e [46). Besades, the study by Can et al. sugeesis thar AP
1% a better biomarker to predict CWIF risk than rraditonal
lipad beomarkers such as TG, TC, LDL, athersclernsis index

(AL, lipoproten combined mdex (LCT), ansong others [46].
Eegarding Castelli*s risk index, Bhardwa) et al. completed
a case—contral investgation on an Indian populaon that
azmed o evaluate atherogenic indexes such as Atherogenc
Coefficient (AC), AIP, and CRI w the identification of high-
risk indsviduals for Coronary Anery Disease (Cald). The
resulis showed significantly higher values of CRI in cases
(angrographically diagnosed patents of CAD) compared o
contrals (healthy volunteers ). The findings sugeest that CRI1
could be employed for the recognition of kigh-nsk individu-
als 1o develop CAD [47). Sinslarly, Azeez completed cross-
sectmnal research on a Migerian population: the sudy aims
Lo confirm the msocation berween atherogenic indsees (AC,
CRI and AIP) and 10-year candiovascular risk. The data
revealed 3 significant and robust assocaton berween CRI
and cardiovascalar risk [48].

Gene-environment interaction

Famally, to evaliale a gene-envimonnsent interacison, the smdy
partcipants were calegorized o four growps as follows
(Fig. 4): {a} low exposure-CC genotype; (b) low exposare-
CTTT genotype; (c) high exposure-CC genolype; and {d)
high exposure-CTTT genotype. Reganting ADMA concen-
trations (Fig. dA), sgnificantly higler bevels (p = 0008 ) of this
mobecule (210 £ 0,50 pmol/L) were found in the (d)p group
companed (o otlser growps: 0,90 0025 pmol/L for (a) group:
110+ A0 pemolfL fior (b)) growp: and 085 + 0.20 pmol/L for
(c) group. Simdlar resulis were observed for serum FABP4
levels (Fug. 4B) and AIP values (Fig. 4C). Significantly
higher values for both CVD biomarkers were detected in
thee (dp group contrasted o values found in all other growps.
Mo sigaificant differences were determaned between groups
when CRI was analyzed (Fig. 4D} Those findings suggest
a gene-environmenl inleraction. As sugpeested by Omman
el al., pene-environment mterplays are defined as “a diffes-
ent impact on disease risk of an environmental exposure m
peraons with different genotypes” [49). Becent data have
confirmeed that the gene-enyironment interaction (a5 detected
i thas sady ) s a key factor that inereased the sensitivary
to different diseases [50]. In this lise. He et al. detected an
imcreased nsk of breast cancer (BC) in individuals exposed
to Biaphenod A with the GG genotype (GG) of CYPI9AL
enzyme (rs 1902580 polymorphism) contrasted 1o BC nsk
detected in indiveduals exposed 1o Bisphenol A with Ga-Aa
gemolype [51]. Sdmilarly, Farzan et al. developed scientific
research o evaluale a gene-environment ileraciion in adi-
widuals from Araihkazar, Bangladesh. Farzan e al. evaluated
the effect of inorganic arsenic exposure and CYBA gene
polyemorphizsm (r3794624; intron 1. G383A) on the blood
presaure of the regisered participants. Higher blood pressure
levels were found in people exposed 1o arsenie plus GA-AA
genotype contrasted o individuals with the GG genotype

2] Springer
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{no polymorphic allele b and exposed (o lsorganie arsenic
152). Although the findings in this research suggest a gene-
environment mieraclion, supplemenlary invesagalions are
niecesary o support the resulis found in this soudy.

Study limitations

The main Hatations of this research were: the investgation
desagn (cross-sectbonal study) and causalay canmot be declared
with this siudy strabegy. The size of the evalisizd sample s
small 1o draw convincmg conclusions {low stanisteal power).
Also, we focused o a single chemucal (iorgamc arsensc); an
mcreasing number of studies lave demonstrated tt i
puopalations are exposed throughour teeir Bietinses 1o a com-
posite maxmre of diffenent environmental pollutants [53).
Besades, as noted presiously, several penstic TGF-f polymor-
pleisms associated with an increased risk of CVD have been
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described. In owr myvedigation, oaly the TGF-fi C308T paly-
muorphizm was assessed. Lastly, the age range of individuals
errodled in this reseanch was very high {18087 0 vears ), addi-
ol sfwdses are necessary focusing on different age groups.
as candsovascular risk i3 higher in old isdividusals. Despite all
lHmsiations, the results found in this investigaton ane sigmifi-
cant and an mitsal step o complete lange-scabe epademiological
studies to evaluate tee real influence of the gene-environment
interaction depicied in this stady on human bealth,

Materials and methods
Population

A croas-sectional sudy was developed in the “Las Palimas™
community m Tamuin, San Lus Potosl, Mexico (Fig- 1), and
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155 individuals (aged 1887 years old) were mcorporated
1 thas research. Previous envaronmental analysis e formed
by o reseanch group demonstrated high levels of arsenic i
the air, sodl, and water in the region, as thermoelectre and
cemenl industries are located near the community (unpub-
lished dara). The recruiment individual's strategy was as
fallows: (1) a face-to-face interview with eligible individu-
als was completed o explan the objectives and goals of the
study: {2) enrolled mdividuals signed informed consent of
volumtary participation: {3) all parscipants answened a ques-
tomary o docunsent personal characterstics such as age.
education, oocupation, income, alcobol consumption, smok-
ing stamus, and diagnosed diseases, among others. In addi-
tiod, anthropomerrse and clinical measunes [weight, beigh
winsl circumberence (WC ) hip clreumberence (CF), systolic
blood pressure (SBP). and diasiolic blood pressure (DEF)]
were acquined. Body mass index (BMI) and waisthip ratio
were estimated wsing anthropomerric measurements. The
bigethics commmites of the Secretary of Health of the State
af San Luds Potost analyzed and approved the execution of
this reseanch.

Urine and blood sampling

Urine samples were obtained from all included participants
and were used o analyze the exposure biomarkes (total uri-
nary arsensc). Uninary samples were oollected in sterile plas-
b eontansers {arsenic-free) according to the Natiomal Health
and Mutrition Examination Survey (MHANES) instruections
[54]. Immedaately after samplng, urine samples were placed
o tog and rramsported w e lboratory. Then, urine aliquots
of approximately 10 mL were prepared and stored at — &0 5C
until ther amalysis. In addidon, an anticoagulated blood
sample was required and used for TGE-f1 (C309T poly-
rorplidsim ) genoly ping analyss, ethylenediaminetetrascetic
actd (EDTA) was employed a2 an anticoagulant. A second
blood sample was collected using a contaner without anti-
coagulant and wiilized for quantification of glucose. wriglye-
erides (TG, total cholesteral (TC), high-density lpoprotein
(HDL) cholesterol, and assessed CVD bomarkers (ADMA
and FABP4). Both blood samples were obtained from the
ulnar artery, as described previowsly by our research group
[55]). The blood samples were acguired from all enrolled
participants after overnight fasting.

Biochemical profile quantification

The blood sample withou antdecagulant was centrifuged
at 1200 g for 10 min, and serom samples were oblained.
Theen, serum bevels of glucose, TG, TC, and HDL cholesterol
were quantified using commercially available kits, as already
deserbed by our research ledm [$6]. Serum concentratons of

thee bow-density (LD} clolestenl were estimated isamg the
Friedewald Eg. (1).

LDL = TOHDL + T {1y

The Lyphochek Assayed Chemistry Control (Bio-Rad.
Hercules, CA USA) was analyzed as exteral gueality comtrol.
A accuracy of approsinatedy 90-110% was achieved for all
analytes evalusted (glucose, TG, CT. and HDL).

Arsenic determination

Urinary arsenic concentrations (UAs) were quantified as
described elsewhers [57). Briefly, urine samples (5 ml) were
digested using a mecrowave-assisted method. Furst, urme sam-
ples were thawed at 23 °C. dilwted with HNO, cone (5 mL),
and heated at 200 °C; 350 pai for 30 man. Then, the esulting
samiples (dagested wrine) were mixed with equal volusmes of Kl
1%, HCL conc, and water, and a reduction step [As V) — As
(I1)] was performed @ 80 *C for 15 man. Determanation of
total inonganse arsensc in urine was completed wing an stomic
absorplion spectroplotometer with bydride generanon (Per-
kin-Elmer model Amalyst 100; Waltham, MA). A standand
reference materzal (SEM 26705 from the Natsonal Institute of
Seamdands amd Technology (NIST) was used for quality con-
trol. An accuracy between 95 and 105% was oblained after
SEM 2670 was analyzed. Urine creatinne level was detes-
mined following the Jaffe method [35)] and wed 1w correet
wrine arsensc levels,

TGF-p C509T genotypification

Avticoagilated blood samples were used for the genomie
DA (deoxyribosucleie scid) solatson wsang the kit Genomic
DA purification (PROMEGA. Wisconsin, USA). The iso-
Lated DMA samples were frozen a1 — 80°C wanl their analyszs.
Then, DA (20 ngfal) and predesdgned TagMan singhe nocle-
olyde polymorphizm (SMNF) probes wene used for genolypifi-
catnn analysis (TGR-f C309T polymsorphism; rs1500469).
The genotypification assays were completed in a Stepfne
Beeal-Time PCR syatem ( Applied Biosysems, CA, USA), The
analyses were performed according to procedines descnbed
presiouwsly by our research group [59).

Atherogenic indices estimation

Alan, the Castell misk index (CRI) and atheropenie mdex of
plasma (AIP) were estimated as previowsly described else-
where [12], CRI and AIP were calculated as described
Exga. (2) and (1), respectavely [60, &1).

TC

CRl= ——
T )

€] Springer
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AlP = mg[Hm_

Serum ADMA and FABP4 determination

Serum FABPS and ADMA levels were quantified employ-
ing an ELISA (enzyme-linked immunosorbent aszay) ki
acpording to the manufacierers gundelines (R&D Systens.
No. DFBEP4O, Munseapolis, USA . and MyBilosource Nao.
MBS26454T California, USA., respectively . Briefly, ELISA
mdcroplate wells werne precoated with human anti-ADMA
or anti-FABPY monoclonal antibodies. Serum samples
and standards (iscluded i the ELISA kit were added w
the ELISA microplate wells, and a first incubaton perod
was completed {37 “C for 6 min). Afier incubation nme, a
washing sep (washing buffer) was performed. Later, ELISA
mdcroplate wells were reated with streptavadin-HEP (horse-
radish peroxidase enzyme) reagent and incubated a1 37 5C
for 30 min. After o washing phase, ieramethylbenzidine
(TMB) reagent was added w ELISA microplate wells, and
a subsequent iscubation perisd at 37 “C for 30 min was com-
pleted. Mext, an acidic chemical solution was employed w
stop the reaction m the ELISA wells. Finally, serum FABP4
and ADMA levels were quantified using an Eon microplaie
spectrophotometer (BioTek Instruments, Winoosks, VT,
USA) The analyteal sensinvity of the applied methodal-
agy was approdimately 0003 pmol/L. Meganve and positive
controls included i the ELISA kit were assessed as qualiy
control. FABPY and ADMA levels for controls were in the
conceniration range recognized by the manufaciorer.

Statistical analyses

Data normality was estimated via the Shapiro—Wilk rest.
Also, we completed an exploratory analysis of the assessed
variables for the daa desernprion. Mean, standand deviation
(50), and range are shown for continuous varables, and
percenlages for cabegorical vanables. Registered indivadu-
als were grouped o [wo categories (low and high expo-
sure) according 1o uwrnary arsendc guidelines in Mexico
(NOM-04T-55A1-2011). Then, the -sudeat 1es1 was used
o compare atherogensc indices valwes and serum FABP4
and ADMA levels between exposure groups (low and high
exposure ). Alio, a one-way ANOVA (analyses of vanance)
test followed by the Tukey pest were completed o evalu-
ate differences berween assessed CVID Momarkers values
according 1o TGF- (C309T) genotypes. In addinnon, muli-
variabe lnear regresason analyses were completed o evaluae
the causal association between the exposure blomarker and
the TGF-p polymorphism (C309T) and effect bomarkers
(ADMA. FABPY, and athevogenic mdices), adjusting for
possible confounders. p <0005 was considered stansically

&) Springer

significant. (ks analyses were performed using GraphPad
Prism 5.01 (GraphPad Software Ine. La Jolla, CA, USA).

Conclusion

In this research, an association between increased serum lev-
els of well-recognized predictive CVD blomarkers (ADMA,
FABP4, and AIP) and ligh arsenic exposure levels {emvmon-
mental factor) and TGF-p C309T polymorphism (genetic
factor) was detected. Besides, our Andimes suggest a gene-
environment interaction with an enhanced effect on CVD
biomarkers. Consequenly, the assesed population exhibas
a high risk of CVD events. Then, using the precaulionary
prascaple, intervention risk reduction programs ane manda-
tory o safeguard the miegriry of the people Hving in the
assessed aneas.

Thie authors show sppreciation io all the people
comiributing so the research who facilitated us in conducting this siudy.
Principally, we are grateful io the participants for their consent.
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Abstract

Objective. Cardiovascular diseases (CVD) are the leading cause of death
worldwide. Therefore, this research aimed to evaluate the expression of circulating
MiRNA (miR-1265, miR-155) levels in a lead-exposed population. Methods. Then,
a cross-sectional study was completed, including 55 adults. Blood lead levels were
analyzed as a biomarker of exposure and were determined by atomic absorption
spectrophotometry. The expression levels of miRNAs were carried out using the
polymerase chain reaction (QRT-PCR) technique. Results: Blood lead levels had
a mean * standard deviation of 7.6 + 5.8 ug/dL. For its part, circulating serum
levels of miR-126 presented levels of 1.28 £+ 0.7; while miR-155 presented levels of
1.68 + 1.2. In addition, significant associations were found between miR-126 and
blood lead levels; as well as between miR-155 and blood lead levels and
triglyceride levels. Conclusion. The results obtained in this research demonstrate
the epigenetic alteration of the expression levels of both miRNAs and its possible

relationship with exposure to high levels of lead in the Mexican population.

Keywords. cardiovascular diseases - lead - miRNA’s



Introduction

Exposure to environmental contaminants, including contamination by heavy metals
as lead (Pb), has been increasing, due to the development and increase in mining,
industrial and agricultural activities that have favored a wide distribution in the
environment (1,2,3); which represents a serious global public health problem (3),
according to data from the World Health Organization (WHO), exposure to
environmental pollution causes 7 million premature deaths, mainly due to non-
communicable diseases (4). For decades it has been seen that prolonged
exposure and accumulation of heavy metals, particularly lead, cause serious
consequences for human health such as abnormalities in growth and development,
carcinogenesis, neuromuscular defects, mental illnesses and failures in the
metabolic activities (5,6,7); however, recent studies suggest that lead, among other
heavy metals, are also capable of affecting the organism, causing alterations at the
epigenetic level, (8, 9) which are defined as changes in the chemical structure of
DNA that do not alter its DNA sequence coding (10,11), with respect to epigenetics
three common alterations have been studied, including DNA methylation, histone
modifications and non-coding RNA expression (microRNA, long non-coding RNAs,
small RNAs, circular RNAs) (12, 13). Regarding microRNAs, they are a single-
stranded structure of 18 to 22 nucleotides and play a key regulatory role in gene
expression and therefore in various human diseases (14, 15). In recent years,
various studies aim to apply miRNAs for diagnostic and therapeutic applications in
diseases, including those caused by exposure to heavy metals, such as
cardiovascular and pulmonary diseases, due to recent evidence suggests that it is

capable of influencing the expression of microRNA (miRNA) which affects cell



function and influences the risk of developing certain diseases (16,17,18); in
addition to the fact that miRNAs respond to numerous environmental toxic agents,
which indicates their usefulness as possible biomarkers of exposure (19). Among
the miRNAs that have been associated with exposure to heavy metals are miR-126
and miR-155, which increase or decrease their expression with exposure to lead.
(20, 21, 22, 23).

Therefore, this research aimed to evaluate the expression of circulating levels of

MiRNA (miR-1265, miR-155) in a population exposed to lead.

Results and discussion

Anthropometric measurements, clinical characteristics, and biochemical
profiles

Table 1 describes the anthropometric measurements, clinical characteristics, and
biochemical profiles obtained from the enrolled participants. Approximately 64% of
participants were women, and the range for age was 18 to 87 years (mean = 50.6
+ 20.1). Overweight and obesity were detected in 70 % of the enrolled population
(mean BMI = 28.05 kg/m2). Also, 80 % of participants had a waist/hip index greater
than 0.8, and both parameters (BMI and waist/hip) are considered important risk
factors in the development of cardiometabolic diseases (23, 24). For blood
pressure (SBP and DBP), measurements ranged from 100.0 mmHg to 142.0
mmHg; and from 55.0 to 90.0 mmHg for SBP and DBP, respectively. Regarding

the biochemical analyses, 32% of the participants had triglyceride levels above 150



mg/dL, while 25% had serum cholesterol concentrations above 200 mg/dL.

Besides, HDL-C levels ranged from 17.7 — 201.4 mg/dL (25, 26, 27).

Blood lead determination

Regarding the blood lead concentrations of the participants (Table 1), a mean %
standard deviation of 7.6 £ 5.8 pg/dL (range 34.5 — 1.5 pg/dL) was found, with
these results it was detected that more than 50% of the population presented blood
lead levels above the reference value in Mexico (25 pg/dL) (NORMA OFICIAL
MEXICANA NOM-199-SSA1-2000) (30). According to this guide, the population
evaluated was classified into two groups, low exposure (<5ug/g creatinine) and
high exposure (=5 ug/g creatinine). The low exposure group presented a mean *
standard deviation of 3.22 + 1.19 pg/dL; on the other hand, in the group classified
as high exposure, a mean + standard deviation of 10.59 + 5.84 pg/dL was found.
The results were compared with values from guides and international
organizations; the exposure limit value established by the World Health
Organization (WHO) (36) and the Centers for Disease Control and Prevention in
the United States (37) is 25 pg/dL; therefore, when compared with our results, 58%
of the population is above this reference value. In the 2015-2016 National Health
and Nutrition Examination Survey (NHANES) in the USA, an average blood lead
value of 0.92 ug/dL was reported in adults (38), that is, in our study was found a
concentration of lead 6 times. For its part, in Mexico various studies have been
carried out on blood lead levels in different populations, one of them is the one
presented by Hernandez-Ochoa, et al., in 2005, they carried out a cross-sectional

study in the Lagunera Region, northwest of Mexico to evaluate the impact of



exposure to environmental lead, finding mean blood lead levels of 9.3 pg/dL. (39);
another study is the one presented by Guerra-Tamayo, et al., in 2003, to a group of
women residing in Mexico City, reporting blood lead levels of 9.4 — 9.6 pg/dL;
compared to these studies 28% of our population is above the reported values

(40). In conclusion, high exposure levels to lead were detected in this research.

MiRNA'’s expression

Table 2 shows the circulating serum levels of miRNAs; miR-126 presented levels
of 1.28 + 0.7; while miR-155 presented levels of 1.68 £ 1.2. As mentioned above,
participants were classified according to their blood lead concentrations (low
exposure group and high exposure group). Figure 3 shows the expression levels of
miR-126 found in each group, significantly lower miR-126 values (p<0.05) were
found in the high exposure group compared to participants in the low exposure
group. Regarding the expression levels of miR-155, significantly higher expression
levels (p<0.05) were found in the high exposure group (Figure 4). Next, simple
linear correlation analyzes were performed to evaluate the relationships between
the evaluated variables and the quantified miRNAs (miR-126, miR-155), a
significant negative association was detected between the expression levels of
miR-126 and the levels of lead in blood (r= -0.33, p<0.05). miR-155 expression
levels, significant positive associations were found between triglyceride levels (r=
0.347, p<0.05) and blood lead levels (r= 0.39, p<0.05).

Since recent years, different research has shown that epigenetic alterations play
an important role in the appearance and development of non-communicable

diseases (41, 42); in particular, it has been suggested that miRNAs represent a



crucial mechanism of epigenetic modification that can affect the cellular function
both locally and at a distance and that are related to the development of various
diseases, including CVD (43, 44), which is why their use as predictive biomarkers
of these diseases has been increasing. Various investigations have explored an
increasing number of circulating miIRNAs as new candidate biomarkers for
potential use in the diagnosis and prognosis of CVD, thanks to their specific
expression pattern, their rapid release in body fluids, their remarkable stability in
plasma , and the fact that cardiovascular diseases can cause significant changes
in the expression level of specific miRNAs in the body (45, 46, 47); in addition,
there is increasing evidence that shows that epigenetic markers, such as the
expression of mMIRNAs, are influenced by environmental pollution, such as
exposure to heavy metals such as lead, because it has been proven that lead
induces cellular necrosis and produces oxygen free radicals, the latter being the
main activators of signaling pathways that induce inflammation and promote the
production of large amounts of inflammatory cytokines, such as tumor necrosis
factor-a (TNF-a), interleukin (IL)-1 and IL-6 (48, 49, 50). In this context, the
mMiRNAs evaluated (miR-126, miR-155) have been related to cardiovascular events
and have been suggested as prognostic biomarkers in the initiation and
development of atherosclerosis processes (51, 52, 53). mMiRNA-126 is a short non-
coding RNA that is derived from the gene Like Domain Multiple 7 (EGFL7), is
highly expressed in the heart, liver and lungs, and plays an important role in
atherosclerosis pathways by regulating function of endothelial cells and improve
endothelial regeneration; therefore, low levels have been observed in patients with

cardiac ischemia and hypertension (54, 55, 56). Several articles have linked



decreased expression of this miRNA to the development of atherosclerosis, as well
as increased risk adverse cardiac and cerebrovascular events.

Furthermore, lower miR-126 expression may indicate greater disease complexity
(57, 58, 59). Regarding the relationship between mir-126 expression and lead
exposure, there is not much research; our working group in 2021 carried out
previous research, in which a lower level of expression can be associated with
higher levels of exposure to lead, which could lead to establishing a significant
relationship between a low level of expression of miR-126, high levels of lead
exposure and the development of CVD (60). On the other hand, miR-155 is a non-
coding RNA, encoded by the host gene, MIRHG155, and is highly expressed in
activated B and T cells, as well as in macrophages; this molecule represents a
multifunctional miRNA and a transcriptional regulator, because there is increasing
evidence indicating that it is involved in numerous biological processes, including
hematopoiesis, inflammation and immunity, which could open new avenues to
attenuate progression of cardiovascular diseases (61, 62, 63). Various
investigations have linked high levels of miRNA-155 expression to both high levels
of exposure to heavy metals, including lead; a study by Mitra, P., et. al., 2020,
found a statistically significant increase in miR-155 expression levels in people
exposed to high levels of lead (64), on the other hand, the relationship of this
mMiRNA with the onset and development of CVD has also been demonstrated; in
2017, Faccini, et. al., presented a study in which they evaluated the expression of
several miRNAs, including miR-155, highlighting its importance as a biomarker of
CVD, in their study, statistically significant levels were reported in the patient group

compared to the control group, on the other hand, Qiu, et. al., in 2018 presented a



study where statistically increased expression levels of miR-155 were also
observed in people with cardiovascular conditions compared to healthy subjects
(65, 66). Finally, in our study we observed that the expression levels of miR-155
and miR-126 in association with risk factors for atherosclerotic lesions may be
useful as a new biomarker to evaluate the risk of developing atherosclerosis and

other cardiovascular diseases.

Limitations of the study

This study has several limitations, one of the most notable is the low
representativeness (a limited number of samples), in addition the type of study
(cross-sectional) of this research may cause biases regarding the temporal
variation between lead exposure and the levels of the evaluated variables.
Additionally, it is possible that other environmental chemical compounds that were
not evaluated in this study may have a significant effect on the variables evaluated
and quantification of additional chemical compounds associated with CVD events
may be necessary. However, the data found in this study are worrying for people
who live in scenarios similar to the one studied in this research, because the
mMiRNAs evaluated have been suggested as specific and useful biomarkers to
detect populations at high risk of developing diseases cardiovascular. Therefore,

the data found in this study must be confirmed in large epidemiological studies.



Materials and methods

Population

A cross-sectional study was developed including 55 adults from the community of
"Las Palmas" in the municipality of Tamuin, San Luis Potosi, Mexico (Figure 1).
The sampling site was selected according to previous research conducted by our
working group, where arsenic and lead levels were evaluated in environmental
matrices (unpublished data). Before obtaining blood samples, a conference was
held with the population to explain the objectives and goals of the research;
voluntary participation and the signing of informed consent were required.
Subsequently, a survey was applied to the enrolled population. In addition,
anthropometric and clinical measures [weight, height, waist circumference (WC),
hip circumference (CP), systolic blood pressure (SBP), and diastolic blood
pressure (DBP)] were obtained. Body mass indexes (BMI) and waist/hip ratio were
estimated using anthropometric measurements. The bioethics committee of the
Secretary of Health of the State of San Luis Potosi analyzed and approved the

execution of this research.

Blood sampling

Both blood samples were obtained from the ulnar artery, as described previously
by our research group. The blood samples were acquired from all enrolled
participants after overnight fasting (24, 25). The first sample was stored in a plastic
container doped with EDTA (ethylenediaminetetraacetic acid) as an anticoagulant

and was used to quantify blood lead and miRNAs expression levels. The second



sample was stored in a container without anticoagulant and used for the

determination of clinical parameters.

Biochemical profile

Serum levels of glucose, triglycerides (TG), total cholesterol (TC), and high-density
lipoprotein (HDL) cholesterol fraction were quantified using commercially available
kits, as already explained by our research team (24, 25). Serum concentrations of
the low-density (LDL) cholesterol fraction were estimated using the Friedewald
equation (1).

LDL =TC (HDL + TG) (1)

The Lyphochek Assayed Chemistry Control (Bio-Rad, Hercules, CA, USA) was
analyzed as external quality control. An accuracy of approximately 90-110% was

achieved for all analytes evaluated (glucose, TG, CT, and HDL).

Lead determination

Blood lead (BLL) levels were quantified according to an analytical method validated
by our research team (26). Briefly, 1:1 dilution of blood samples was performed
with a matrix modifier (diammonium hydrogen phosphate—Triton X-100 and 0.2%
nitric acid; JT-Baker; Center Valley, PA, USA) and mixed vigorously with a
mechanical mixer. Next, the BLL determination was performed in a Perkin-Elmer
3110 atomic absorption spectrophotometer coupled to a graphite furnace
(Waltham, MA, USA). Certified material obtained from the Centers for Disease

Control and Prevention, USA (CDC.WS2H proficiency testing blood; Madison WI,



USA 53707-7996) was tested as external quality control and found a 95% recovery

+ 5%. The detection limit of the method was 1.0 pug/dL.

mMiRNAs analysis

To determine the expression levels of the miRNAs evaluated (miR-126 and miR-
155), an analytical procedure previously validated (27). Briefly, a TRIzol-based
RNA extraction method was used to obtain serum RNA following the
manufacturer's instructions (Invitrogen, Thermo Fisher Scientific, Waltham, MA,
USA). Then RNA concentration of all samples was determined using an Eon
microplate spectrophotometer (BioTek, Vermont, USA) (A = 260 nm). RNA-
containing samples were then treated with 5 nmol/L cel-miR-39 (Caenorhabditis
Elegans miR-39) (Applied Biosystems, Foster City, CA, USA) as a normalization
control in the normalization procedures miRNA determination. Expression levels of
the miRNAs tested were determined using TagMan miRNA qRT-PCR primers and
reagents (Applied Biosystems, Foster City, CA, USA). First, RNA samples were
reverse transcribed using the TagMan miRNA Reverse Transcription L Kit and
mMiRNA-specific stem-loop primers (Applied Biosystems, Foster City, CA, USA) to
obtain samples of cDNA. Subsequently, cDNA samples (100 ng/uL, 4.5 L),
TagMan Universal PCR Master Mix L (5 pL), and TagMan miRNA Assay primers L
(0.5 uL) (Applied Biosystems, Foster City, CA, USA) were used in the amplification
procedure carried out under the following conditions: 1) denaturation phase (95 -C,
10 min); 2) 40 cycles of PCR amplification (95 -C, 15 s; and 60 °C, 60 s). Finally,
the relative expression levels of the miRNAs studied were normalized (cel-miR-39)

and expressed as 2— (CT [microRNA] — CT [cel- miR- 39]).



Statistical analysis

Data normality was determined using a Shapiro-Wilk test. Subsequently, a
descriptive analysis was developed for all the assessed variables in the study.
Participants were categorized into two categories (low and high exposure)
according blood lead level guidelines in Mexico (NOM-199-SSA1-2000) (36). Then,
the Mann-Whitney U test was used to compare the expression levels of miRNA-
126 and miRNA-155 between exposure groups (low and high exposure)
respectively. To assess the relationship between miR-126 and miR- 155 with the
parameter clinics and anthropometrics, Spearman correlation tests were applied to
the dataset of participants. For all analyses, p<0.05 was considered statistically
significant. Data analysis was performed using GraphPad Prism 5.01 (GraphPad

Software Inc. La Jolla, CA, USA).

Conclusion

The results obtained in this research demonstrate the epigenetic alteration of the
expression levels of both miRNAs and its possible relationship with exposure to
high levels of lead in the Mexican population and the development of CVD. Despite
the limitations of the study, the data obtained regarding significant associations
may be useful for large-scale epidemiological studies, as well as for the

identification of new mechanisms related to cardiovascular damage.



Figure legends

Figure 1. Geographical location of the Ejido "Las Palmas", Tamuin municipality,
SLP. Geographic information source: INEGI

Figure 2. Serum expression levels of miR-126 divided into low and high lead
exposure groups. Values were normalized to cel-miR-39. *p<0.05.

Figure 3. Serum expression levels of miR-126 divided into low and high lead

exposure groups. Values were normalized to cel-miR-39. *p<0.05.



Table 1. General characteristics of the population

Variables

Mean (SD*)

Median

Range

%> reference

value”
Age (years) 50.6 (20.1) 53 18.0-87.0 -
Weight (Kg) 68.3 (14.8) 67.0 43.0-100.0 -
Height (cm 155.8 (9.3) 155.0 139.0-183.0 -
Waist/hip index 0.94 (0.06) 0.91 0.78-1.07 90.9
Body mass index (kg/mz) 38.13 (5.27) 27.7 19.3-40.20 -
(Z SCORE) Normal (18.5-24.9)  22.2 (1.80) 22.2 19.3-24.9 29.4
Overweight (25.0-29.9)  27.5 (1.54) 27.5 25.0-29.8 39.2
Obesity (>30)  34.4 (3.13) 34.3 30.2-40.2 314
Diastolic blood pressure (mmHg) 72.71 (1.46) 76.0 55.0-90.0 10.9
Systolic blood pressure (mmHg) 119.4 (1.37) 118.0 100.0-142.0 20.0
Glucose (mg/dL) 94.3 (37.1) 86.9 58.5-222.1 14.5
Triglycerides (mg/dL) 135.5 (71.7) 126.6 87.0-261.0 32.7
Total cholesterol (mg/dL) 167.6 (44.0) 172.3 87.0-261.0 25.4
HDL cholesterol (mg/dL) 41.39(34.3) 32.9 17.7-201.4 14.6
LDL cholesterol (mg/dL) 27.1 (14.3) 25.3 5.05-78.0 0.0
Blood lead (ug/dL) 7.60 (5.8) 5.93 1.5-345

Data are represented as arithmetic mean with standard deviation (SD) and median with
range from minimum to maximum. #Reference value. Waist/hip index = 0.8, Systolic blood
pressure = 130 mmHg. (James et al. 2013). Diastolic blood pressure = 90 mmHg (James
et al. 2013). Glucose = 110 mg/dL. (lii et al. 2001). Triglycerides = 150 mg/dL. (lii et al.
2001). Total cholesterol = 200 mg/dL. (lii et al. 2001). HDL cholesterol = 45 mg/dL. (lii et
al. 2001). LDL cholesterol = 100 mg/dL. (lii et al. 2001). Blood lead = 5ug/dL - variables

without reference values.



Table 2. Serum expression levels of assessed miRNAs in the study population.

MiRNAs Mean (SD*) Median Range
miR-126 (22 1.28 (0.72) 1.460 0.082 - 2.57
miR-155 (22 1.68 (1.2) 1.491 0.028 - 4.73

Data are represented as arithmetic mean with standard deviation (SD*) and median with

range from minimum to maximum.

Table 3. Simple regression analyses between independent assessed variables and

evaluated miRNA"s

Molecular marker Variables r 95% ClI p
Age -0.040 -0.33-0.25 0.77
miR-126 (24 Waist circumference 0.108 -0.19-0.38 0.99
Body mass index -0.002 -0.29 - 0.29 0.46
Triglycerides -0.008 -0.29-0.28 0.95
HDL cholesterol 0.021 -0.26 - 0.31 0.88
Blood lead -0.330 -0.56 -0.04 0.02*
Age 0.138 -0.15-0.41 0.34
Waist circumference -0.150 -0.42-0.15 0.31
Body mass index -0.085 -0.37-0.21 0.56
miR-155 (2-2¢Y Triglycerides 0.347 0.097 - 0.58 0.03*
HDL cholesterol 0.028 -0.26 - 0.31 0.85
Blood lead 0.390 0.11- 0.61 0.006*

* Significant correlations (p<0.05)
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INTRODUCCION

Enfermedades cardiovasculares (ECV)
Grupo de trastornos que afectan el corazon y vasos sanguineos.

Cada afio cercade 18 millones de
personas mueren a consecuencia de ECV

Situacién en México
Enfermedades cardiovasculares
97,187

Enfermedades
isquémicas
Infarto agudo de miocardio
Insuficiencia cardiaca
Miocardiopatia
arritmogénica
Angina inestable

INEGI, 2023
Gaidai.etal,. (2023) Global cardiovascular diseases death rate
prediction. Current problems in cordiology.
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Estudio de miRNAs en nuestro grupo de investigacion
Lead (Pb) exposure is associated with changes in the expression levels of
circulating miRNAS (miR-155, miR-126) in Mexican women

Tibled Ochoa-Martinez, et.al. 2021
Serum expression evels of asessed mENA in he ol population.
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Exposicion a contaminantes

Principales cuusss d: musrte en S.AP. ambientales en Las Palmas, SLP

Particulas contaminantes
As, Pb

Las Paimas, Tamuin
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Prevenir ECV
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HIPOTESIS

La exposiciona arsénico y plomo, en poblacién
adulta, esta asociado al incremento de las
concentraciones de biomarcadores tempranos de

riesgo cardiovascular

1"

OBJETIVO GENERAL

Evaluar la concentracion de bicmarcadores de riesgo
cardiovascular en poblacién adulta expuesta a

arsénico (As)y plomo (Pb)

Realizar muestrec bioldgico en poblacién mexicana dela
comunidadLas Palmas, Tamuin

Cuantificarlos niveles de ADMA, FABP4, mediante
Inmunoensayo enzimatico (ELISA)

Objetivos
especificos

Determinarla presencia del polimorfismo
C5049T del gen TGF-B, mediante PCR.

Evaluar la expresidn de miRMNA-126 -155,
mediante latécnica de RT-gPCR.

Analizar muestras bioldgicas para determinar. a)Arsénico
(As-U) b) Plomo (Pb-8), mediante |atécnica EAAS
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Figwra 1. La ubicaridn gengrifica dd Gjido "Las Palmas”,
muricipio de Termui, S Lus Poosi, Méxioo

15




- " Criterios de seleccidn de la poblacién de estudio
Reunidn informativa

dirigida a la poblacién

Criterios inclusion Criteriosdeno Criterios de eliminacion
» Objetivo del proyecto Consentimiento inclusion
% Procedimiento informado Que vivanen la Tabaguismo Cantidad de muestra
- comunidad insuficiente
> Beneficios y riesgos potenciales
- v gosp Firma del c i Tr i Abandono voluntario
informado Farmacoldgico

Edad mayor de 18 afios

S AL UD Ambos sexos
Protocolo fue sometido al )
Comité de Bioética Estatal =
Secretaria de Salud _:;:H“‘“
16 a
Muestreo
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Evaluacion de los indices aterogénicos - "
Cuantificacion de la exposicion As
indice de riesgo de Castelli indice aterogénico de
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TC
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Cuantificacion de la exposicion Pb

Cuantificacion
= B
» Diluciénde lamuestra | Sy il
* 20plsangre+
Modificador de matriz e O T
« Espectrometriade
HNO: 0.2%
-
] Tritonos% absorcién atémica
NH,H,PO, 0.5% Ry -
) > 4
S
22

Cuantificaciénde los niveles ADMA mediante Inmunoensayo
enzimatico (ELISA tipo sandwich)

Plazma Kit ELISA Mybiosource
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Fundamentotécnica
ELISA tipo sandwich

Espectrofotémetro de
microplaca (BioTek)

Cuantificacion de los niveles FABP4 mediante Inmunoensayo
enzimatico (ELISA tipo sandwich)

BVRE Mo

Flasma Kit R&D ‘(l
A

Determinacionde la presencia del polimorfismo C509T del gen TGF-f,
mediante PCR
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Cuantificacionde la expresionde miRNA -126, -155 mediante RT-qPCR

Extraccion RNA Sintesis cDNA

AmplificacionqPCR
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Gen exogeno
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RESULTADOS

Muestreo

Descripcion de la poblacion
53 adultos Género

@Mujeres @Hombres

Muestra total

Edad promedio 50 afios

27 >
Medidas antropométricas Parametros clinicos
Variable Media (DE) Rango % > Valor de Variable Media (DE) Rango % > Valor de
referencia a referencia a
Peso (kg) 689(5.3) 43-95 - Glucosa 892 (37.22) 58.3-222.1 342
Talla (cm) 156.9 (16.6) 142-183 2
| Triglicéridos 125.6 (70.04) 25.3-1390.2 482
IMC (Normal) 24(18) 19.3-249 74
Sobrepeso 2715(1.4) 250-208 428 Colesterol HDL 43.2(36.99) 17.7-2014 75.0
Obesidad  347(32) 302 -353 286 | Colesterol LDL 94.3(14.01) 19.3-1936 518
Circunf bd | 95.8(10.3 73-125 57.0
R e S o ColesTarol ol 25 @350 02510 o7
Circunferencia cadera (cm) 102.9 (12.6) 83-127 -
indice cintura/cadera 0.93 (0.06) 0.76 - 1.03 75.0
% Grasa 323(74) 18.3-475 536
Grasa visceral (kg) 95(4.8) 2-20 482 Tabla 2. Descripcion de los pardmetros clinicos
Tabla 1. ip! de las i de la Valor de referencia a

Valor de referencia a
IMC: Normal (18 5-24 9) Sobrepeso (>/=25) Obesidad (>/=30) (OMS, 2018)
Circunferencia abdominal >80cm mujeres >34cm (OMS, 2020)
Indice cnturacadera: Factor de Riesgo (>=0.90) (OMS 20

Glucosa: 100 myidL (ADA. 2021)
[Trigiicéridos: 150 mgial {1 et al. 2001)

(Colesterol HDL: 45 mgidL. (i et al 2001)

IColestesol LDL- 100 mg/dL (li et al. 2001)

(Colesterol total: 200 moidL (i et al. 2001) 30

Riesgo de enfermedades cardiovasculares QJ\ %

Datos clinicos

02

01°
Datos
ntropométricos
Obesidad
IMC 20 - 51% poblacion presenta
un paramero clinico
alterado, asociado a un
mayor riesgo a ECV

Mas del 50% de la poblacion
presenta circunferencia de

Solo el 28% de la cintura y exceso de grasa
poblacion presenta un visceral
peso normal de acuerdo a
la OMS.
3

Indices aterogénicos

indice de riesgo de Castelli
C
CRI = ———
HDL-C
indice de riesgo de Castelli Valores <5 para los hombres
<45 para las mujeres
- Riesgo cardiovascular normal-bajo
Promedio Rango
Mujeres 5.5 1.2-11.7
indice de riesgo de Castelli
Hombres 49 21-8.7 e
n %
Sin riesgo 26 48.2
Riesgo 27 51.8




Discusion

indice aterogénico de plasma
Tanto el indice de Castelli y el
6 indice aterogénico de plasma son
AP = log considerados como predictores de
HDL—- riesgo cardiovascular
- Valores <5 para hombres
Indice aterogénico de plasma < 4 para mujeres
E Riesgo cardiovascular normal-bajo Diversos estudios, entre los que se
Promedio Rango encutice
Mujeres 5.7 17-14.1 _Croda, T. et. al.2014
Alvarez A et al 2015
De la Torre-Cisneros, K., et. al. 2019
Hombres 41 1.2-8.9 -
Indice aterogénico de plasma
n %
N Han utilizado estos indices, para
Sin riesgo 24 428 evaluar la predisposicion a
) desarrollar ECV
Riesgo 32 574
3 34
Cuantificacion de los niveles ADMA Cuantificacion de los niveles FABP4
Plomo
*
= Arsénico 3 “
2 L
3 3 * L
2 £
2 3
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g ? ¥ = D.000%« + 0 2582 L=
2 < RE=0997 o
y=0.347+ 0.1379 = H
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s Z | | §
H g P © e
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< H
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_ Plomo <1 *
S -
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Correlacion de parametros bioquimicos con niveles séricos de ADMA y FABP4

Marcador molecular Variables r 95% Cl °
Edad 0.14 016-042 0342
Trigicéridos 028  0.0098-052 00487
Colesterol HDL 0099  02015-038 05051
AckA Colesteroltotal 0276  -00124-052 00606
CRI 02712 052-00167 00645
AP 007  0026-0549 0033
Edad 01870  -0096-0442  0.1934
Trigicéridos 02832  0008-053 0056
Colesterol HDL 01880  0.104-0458 02032
FABP4 Colesteroltotal 02614  -0028-051 00759
CRI 005283  -0053-033 0079
AP 01570  0014-0425  0039°
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Frecuencias genotipicas y alélicas del polimorfismo TGF- (C509T)
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Cuantificacion de la expresion de miRNA -126 mediante RT-qPCR

Arsénico

5

&

@4

E

s

X * Plomo

z

t:

2

s 5
x &
B *
s
EE

Grupo baja Grupo aita Z
H
£?
=
H
g
]

Prueba kolmogorov smimov
20 Prueba t student
“p<0.05

Cuantificacion de la expresion de miRNA -155 mediante RT-qPCR
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Correlacion de parametros bioquimicos con niveles de expresion relativa de miR-126,

Validacion del método
espectrofotométrico de As en orina

miR-155
Marcador molecular Variables r 95%Cl [
Edad 001683  0.301-0270 0.9073
Trigicéridos ~ -0.008067  -0.29-0.278 095
Colesterol HDL ~ 002116  026-0.305  0.8840 ” T
miRA26 Rango de concentracion 1-40 ppb
Colesteroltotal 02016 -0461-0.089  0.1602 EAA (PERKIN ELMER 3110), con generacion de
imit i hidruros (Analyst 100-FIAAS), celda de cuarzo
CRI 003769  024-0315 07971 EReCeteeain 05pe0 (9(00‘(:) aas mm’d“ 2
AP 003117 £0.31-0257 0.8299 Limite de cuantificacion 20ppb
Edad 019 044-0093  0.1852
Exactitud 7% E 1
Triglicéridos 03471 0097-0576  0.031" "
ColesterolHDL 002774  026-0312 08484 L Sio%
miR-155 ) A )
Colesteroitotal ~ -0.07160  -0.35- 0219 0621 Control de calidad, As-U ClinChek® nive! I y Il .
CRI 0095  0.17-0385 0225 m
AP 02021  -00019-052  0.045 .
Muestra: orina
#
42
Cuantificacién de la exposicion As Validacién del método
espectrofotométricode Pb en sangre
Género No. Personas ~ Media +/- DE Rango
Femenino 35 45.8 +/- 20.6 11.68-139.4
Masculino 19 405+-157  17.81-1768 ’
Curvade calibracion
NOM — 047- SSA1 Rango de concentracién 0.5-20 ppb i - z
- Limite de detecdon 18ppb — M= |
£ " Limite de cuantificacién 6.1 ppb EAA (PERKINELMER 3110), con generacién de
E hidruros (Analyst 100-FIAAS), celda de cuarzo
2" * Exactitud 85.0% (900°C) y gas acarreador argén
2. . Repetiiidad 90.0%
5
E 70-
.
H -
i i Control de calidad, Pb-S
- Sangre kofilizada CinChek® nivel ||
&

Pruaba kakmogoroe smimoy Género
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Muestra: sangre




Cuantificacion de la exposicion a Pb Estancia de investigacion
Laboratorio de Género, salud y ambiente

Género No. Personas  Media +/- DE Rango Facultad de Medicina, UASLP
Femening 33 B5+-21 1.5-18.1 Cromatografia de gases — masas
Masculina 7 9.4+-6.3 17-345 Cuantificacion de DAP's en orina

Cromatografia de liquidos- masas

NOM — 047- SSA1 Cuantificacion de DAP’s en orina

v

2

Concentracion Pb (ugidL)
-]

Prusba kakmogoroy smimoy
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Revision bibliografica
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bioquimicos
Determinacion de indices
ater icos

Cuantificacion de la exposicidn
aAsyPb
Cuantificacién de
B de riesgo
cardiovascular ICAM-1, ADMA,
FABPZ)

Evaluacicn de la expresion del
polimorfismo C508T
Cuantificacién de la expresion
MIRNA-126
MIRNA-166
Redaccion de tesis y articulo

Defensa de tesis -




