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SUMMARY: Breast cancer mortality has been increasing in Arica Chile where it has surpassed the national rates 11 times
between 1990 and 2010. The city of Arica was sprayed with the organophosphrous pesticide malathion in order to conteirdreeiiedi
fly 33 years ago. Moreover we have demonstrated that a malathion treatment induces the formation of breast carcinomas in Spragu
Dowley female rats. The objective of this work was to find a relationship between malathion aerial spraying and the irmtabised m
rate due to breast cancer that has been observed in Arica in recent years. We extracted city data bases with all bcaasscancer
diagnosed from 1995 to 2005 from the Dr. Juan Noe Crevani Hospital of Arica city and Ernesto Torres Hospital of Iquiqoéérhe nu
of patients was 100 in Arica and 58 in lquique, nearby city that has never been sprayed with malathion which had a diaiter popu
than Arica in those years. The statistical analysis of the characteristics of the sample related to breast cancer rtskt $heredad ho
significant difference between women from Arica and from Iquique. Nevertheless the patients with more times of exposthimto mala
were 5.7-times more likely to be diagnosed with breast cancer (OR= 5.7; p<0.02). In addition, metastases were found ith80.5% of
malathion-exposed group and only in 16% in the group never exposed (p<0.05). This study suggests that the increasdiiy theemorta
due to breast cancer occurring in Arica has a significant correlation with the exposure to malathion sprayed over thehzty 30ore
years ago.
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INTRODUCTION

Malignancies are the second most important cause The factors that might fully account for this increased
of mortality in Chile. In comparison with other causes, cancéate are not completely understood, but in the past some
mortality shows an upward trend with increasing mortalitgnvironmental chemicals have been partially implicated in
rates from 99 to 118 per 100.000 population in the peridbe cancer increase (Perera, 1997). These could explain the
1980-1998 (Medina & Kaempffer, 2001). Also, Chile”spidemiological situation in Arica, since the city was sprayed
mortality rate from breast cancer in women has increaswtth malathion for control of the Mediterranean fly the first
from 12.3/100.000 in 1990 to 15.0/ 100.000 in 2010, witiime 33 years ago. Malathion spraying over the city of Arica,
some fluctuations in between. Arica (a northern city in Chichile, was performed once a week during two months in
le) shows a strikingly increased mortality over the Chileayears 1979, 1980 and 1987 (Newspaper “La Estrella de
mean from 9.4/100.000 in 1990 to 16.8/100.000 in 2010. Avica” Chile, July 16 1987).
fact, during these 21 years, Arica has surpassed 11 times the
national rates reaching its highest rate in 2005 with a Organophosphorous compounds are primarily absor-
mortality rate of 18.6/100.000 women (Deis Minsal, 2012)ed through the skin, the gastrointestinal tract and inhalation
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through the respiratory tract. They act as inhibitors of tHareast cancer women with a similar breast cancer population
acetylcholinesterase enzyme responsible for acetylcholinever exposed to malathion in the city of Iquique (300 Km
neurotransmitter inhibition (Nigg & Knaak, 2000).away). The aim of this study was, to determine whether there
Malathion [S-(1, 2-dicarboethoxyethyl) O, O-dimethylis a relationship between breast cancer and malathion
phosphorodithioate] is a widely used organophosphoroagposure.
insecticide because of its relatively low toxicity to mammals
and high selectivity towards insects compared to other
organophosphorous insecticides (Blagtél, 1999). thas MATERIAL AND METHOD
been used in major eradication programs against insect
infestations in metropolitan areas of Florida, Texas and
California in USA (Mills & Yang, 2005). The aerial Target communities Arica is a coastal city located in
application of malathion over large urban areas in southexorthern Chile, 60 Km from the border with Peru in a desert
California as part of the 1990 Mediterranean (Medflyarea it has two valleys producing fruits and vegetables that
Eradication Program raised concerns over the potential axe sold mostly in the central area. The presence of fruit
malathion to cause genetic damage (Flessall., 1990). flies was detected in 1979, creating problems for the export
Since then, there has been accumulating evidence of tifefruit from around the country. This is why the decision
deleterious effect of malathion. For example, a genotoxigas made to spray the city with malathion using aircraft.
effect in mice fed with cereals treated with malathion haghe procedure was performed once a week for two months
been confirmed (Zayest al.,, 1992). Also, it has been foundin 1979, 1980 and 1987. In total Arica city has been sprayed
that organophosphorous compounds have mutagemiith malathion 24 times.
properties and show organ specific toxicity in relation to the
heart, kidneys, lungs, liver and other organs (Tos-lafity Iquique is the Chilean city nearest to Arica, it is
al., 2003). In experimental animals, chromosomal changkxated 300 Km to the South, also in a desert area, with no
including chromosomal aberrations and micronuclei hawalleys. It has never been sprayed with malathion.
also been described (Dulaettal, 1982). Cytogenetic effects
in human populations have also been observed, suchSshjects We retrieved information from city data-bases
chromosomal aberrations, micronuclei and sister-chromatithout all breast cancer cases that were diagnosed from 1995
exchanges. These have been observed in floriculturists,2005 in Arica and in Iquique with a date of birth from
greenhouse workers (Bolognesal, 2002), and agricultural January 1st 1946 to December 3072 (looking for the
workers (Pastoet al.,2002). ages of greatest susceptibility of the mammary gland,
between 7 and 41 years old at the time of fumigation).
Previous research in our experimental breast cancer
model has demonstrated that epithelial cells in the rat Then we reviewed the medical records at the Dr. Juan
mammary gland underwent a stepwise transformation inkdoe Crevani Hospital in Arica and the Ernesto Torres Hos-
malignant cells by exposure to the organophosphoropgal in Iquique. We found 100 women in Arica and 58 in
pesticides parathion and malathion (Cabeli@l, 2001). Iquique satisfying these criteria. All women alive and dead
Also, malathion induces increased proliferation cells nucleé&ulfilling the above criteria were included. Households were
antigen, and mutant p53 protein expression on the humagited, we informed the patient or a close relative (if the
breast carcinoma cell line MCF-7, with an increase in thgatient had died) and invited them to participate in the
proliferation activity and a decrease in the protection fromesearch. It was possible to locate 33 women in Arica and
malignancy (Cabellet al,, 2003a). Furthermore, malathion25 in Iquique with breast cancer. All of them agreed to
induced a decrease in the expression of the cell adhesparticipate, and gave their informed consent. To strengthen
complex E-cadherin/b-catenin, in comparison to controthe results of the studies, for the small number of cases
(Cabelloet al, 2003b). Such effects are inhibited by atropinalready interviewed, it was considered a case control
(Cabelloet al., 2001, 2003a). supplementary study, to compare the general risk factor
between women from Arica and Iquique, with their
Therefore, gathering further information about theorrespondent matched controls. The data registered
exposure to malathion of Arica inhabitants, and drawing upevere:age, smoking status, body mass index, medical history,
data about the increased rate of breast cancer in our previeady menarchea, nuliparity, late menopause, and cancer stage
studies, we designed a research project to prove that #itdime of diagnosis. This study was reviewed and approved
increase in the mortality rate due to breast cancer in Aribg the ethics committee of the Universidad de Tarapaca. In
could be correlated to the malathion spraying more than 8élation to years of schooling of the adult population, Arica
years ago. The study was designed by comparing Aricasd Iquique are similar with an average of 10.3 and 10.2
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years respectively, both higher than the national av&able I. Regression coefficients of women with breast cancer in Arica
rage of 9.8 years (Bonnef@y al, 2006). In terms of (exposed to malathion) and Iquique (non exposed to malathion), estimated
revenue, the 2010 national average was USA $1628erage logistic regression analysis adjusted for breast cancer risk factors.

per month (considering US $1 = $450) the average iRisk factor Regression coeffident P
Iquique was USA $1982, and in Arica it was USA pge -0.44 (-1.08, 0.19) NS
$1|483 f(f33% Iov¥er tZaS Itqwquet,hp <0.05|).t_Th|s |sf iueBody mass index -075(-1.53, 0.03) NS
only difference found between the populations o
two cities studied (INE, 2010). ePregnamy -0.00(-1.02, 1.01) NS
Childbirth 0.85(-0.33, 2.04) NS
Statistical Analysis The statistical analysis was Menarche 0.44 (-0.29, 1.16) NS
performed using the STATA 9.0 statistics packagemenopause 0.00 (-0.51, 0.52) NS
Nor_mahty was checke_d using the Kolmogor.ov—,:am“y history of cancer 0.81(-0.40, 2.02) NS
Srmrnov test. Qdds ratlos,were calculated using R umber of relatives with cancer 10,40 (:0.82, 0.02) NS
logistic regression. Student’s t-test of related samples ™
and Chi2 test were used to find statistical differenceSMoking status -0.25(-1.20,0.71) NS
among the breast cancer risk factors and metastasegnstant -1.32(-5.49, 2.84) NS
distribution in both cities. The significance level wast is noted in the table that the women in the study of Arica and Iquique were not
established at p-value < 0.05. statistically different p>0.05 (NS) in relation to risk factors for breast cancer.
25-
RESULTS 3 Iquique
_ 5207 mm Arica
Sy
In 2005 the total population over 15 years old& §_ 154 I
was 76.186 female in Arica and 101.791 in Iquique2 Q
Only the Arica females were exposed to malathion. I'g o 10-
Arica 100 cases of breast cancer were diagnosed 8
that period and in Iquique only 58. The mortality rate= S
of Arica from 2006 to 2010 is higher than the mortality ~ 54
rate in lquique in the same period (p<0.05; Fig. 1).
82% of the women with breast cancer were exposed to 0 T T T T
malathion in Arica (n = 27/33) and only 4% in Iquique 1990-95 1996-00 2001-05 2006-10
(n = 1/25) (patient from Iquique living in Arica at the Years

time of malathion spraying). The rate of exposure tbig. 1. Breast cancer mortality rate in Iquique and Arica; per 100.000
malathion in women from Arica and breast cancer wagopulation, years 1990-2010. The city of Arica was sprayed with
849% for 24 times, 10% for 16 times and only 6% for gnalathion once a week during two months in years 1979, 1980 and 1987.

times. Those patients with the highest exposure rat-g%e mortality rate of Arica from 2006 to 2010 is higher than the mortality
) rate in Iquique in the same period (p<0.05).

had 5.7 more chances of cancer risk (OR: 5.7; p < 0.0
(Fig. 2). There were no differences of general risk  4g0-
factors associated with breast cancer between women
in Arica and Iquique (Table 1), nor was there in cancer

stage at the time of diagnosis. However, it was observegg
that patients in Arica (exposed to malathion) had ax
higher number of metastases (30.5%) than they 604
unexposed group (16%, p <0.05) from Iquique.

804

©
o

% 407
Fig. 2. Distribution of cancer patients according exposures®
times to malathion. Of all the women with breast cancer® 20-

interviewed in Arica, 84% were exposed during 1979, 1980
and 1987 (8 times every year), altogether 24 times. Patients

with more episodes of exposure to malathion were 5.7-times 0 T T
more likely to be diagnosed with breast cancer (OR=5.7; p< 8 16
0.05). Times of exposure
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DISCUSSION

The results of this study suggests that the increasedieady known which could explain the higher mortality and
the mortality rate due to breast cancer found in Arica couldetastases rate seen in Arica. This breast cancer mortality
have an association with the exposure to malathion sprayage found is consistent with the findings of Mills & Yang
over the city about 30 years ago. who found that malathion with two other pesticides was also

associated with an increased risk of breast cancer. To support

The possible role of pesticides as another risk fathis association, there is substantial research about the
tor in the etiology of breast cancer is of particular interestechanisms involved in pesticides exerting their
in Arica, because of the higher incidence of this cancearcinogenic effects. These include mutations, inhibition of
than Iquique, especially since both cities have similamtercellular communication and tight junctions, proliferation
epidemiological characteristics in relation to well knowrmf peroxisomes and other promotional activities on liver
risk factors associated with breast cancer. Thigrcinogenesis (Blagtal, 1991), as well as oxidative stress
epidemiological situation is similar to those described bjAbdollahi et al, 2004). Finally, another study shows the
Brody et al (2004) in the region of Massachusetts, in theholinesterase inhibition leading to cell proliferation of
USA, called Cape Cod. Cape Cod also has a high historiegithelial breast cells by cholinergic stimulation (Cabetlo
incidence of breast cancer, preceeded by the extensive akg2001).
of pesticides. According to the Massachusetts Cancer
Registry (MCR) the incidence of breast cancer on Cape Likewise several others types of tumors in rats in a
Cod is about 20% higher than in the rest of the state sing&le spectrum of organs such as brain, liver, adrenal medulla,
1982, when Brody began the MCR. His study also showédithgs and the hematopoietic system have been attributed to
that women on Cape Cod between 50-74 years old hathalathion (Reuber, 1985). And different studies show good
21% higher cancer risk than women of other places @vidence that farmers, who usually are more exposed to
Massachusetts where they found the same variablespasticides, have a higher risk of non-Hodking’s lymphoma
family history, reproductive history, pharmaceuticathan the general population (Hohenaelehl, 2011).
hormone use, alcohol, and some aspects relating to the diet
(Silent Spring Institute, 1997). This is supported by the work Additional experimental evidence also suggests that
of McKelveyet al (2004) who demonstrated a high risk ofnalathion or its derivates can induce DNA damage (Blasiak
breast cancer associated with years of residence in Capeal), and that normal human breast cells treated with
Cod, independently of other established risk factors. Themalathion also induces differential gene expression in genes
has been some disagreement with the conclusions of thé#s& may be associated with carcinogenesis. Several other
studies. In the 1980s, the International Agency for Researeffiects on genes by malathion have been shown: increased
on Cancer (IARC) postulated that evidence of thexpression of genes (AKR1C1, AKR1C2, EBBP) involved
mutagenicity of malathion was limited (IARC, 1987), andn steroid and xenobiotic metabolism (Gwietnal,, 2005),
that the studies both vitro andin vivoshowing cytogenetic genes (CPF, RFC3 and TYMS) involved in DNA replication
changes in humans and other mammals (Windéiaah, with a decreased expression and a down regulation, and other
1998) have been inconsistent. Nevertheless, with maseveral genes up-regulated (cyclins, cyclin D1 and cyclin
recent researches (Blasiek al), the U.S. Agency for dependent kinase 4, IGFBP3 and IGFBPS5, keratin 18, c-
Environmental Protection (EPA, 2000) concluded that thekda-ras oncogene, DVL1, HSP 27 MCM2 and TP53) (Calaf
was a suggestive evidence of carcinogenicity, but n&tRoy, 2008).
enough to rate malathion as a potential human carcinogen,
even though some authors have shown what seems to be It should be noted that to find in this study an
conclusive research of this carcinogenic effect (&igl, increased rate of metastases in women with breast cancer in
2002). In addition, specific organophosphate insecticidégica, which could explain the greater mortality rate, is a
such as chlorpyrifos (Alavang al, 2004) and diazinon rather striking and novel result given that the biology of the
(Beane Freemagt al, 2005) haveshown an increased risk tumor is a pretty well known phenomenon (Dairkee & Smith,
of lung cancer. 1996). Notwithstanding, this study’s weakness is in that

possible factors influencing these outcomes, such as

Despite, the controversial literature regarding@ccessibility, imaging and diagnostic facilities, were not
malathion and its probable role as carcinogenic agent, éasily assessed. However, the fact that the only difference
this study it was possible to show that malathion exposuagnong both populations in addition to the lower revenue in
was the only different risk factor for breast cancer from thogeica turned out to be the exposure to high doses of
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malathion, strongly suggest an active role. Therefore, our This research adds more information that can lead us
hypothesis would be consistent with the above literatury think that malathion or organophosphate insecticides play
and suggests that this phenomenon certainly deserves furthsignificant role as another risk factor for breast cancer, as
research. Moreover, this study suggests that the explanatieell as a possible intensifying role in the spreading pattern,
for the higher breast cancer spreading (metastases), coadl ultimately in the mortality rate.

depend on the ability of malathion to prompt a great variety

of tumors or, perhaps, some specific organ induction &aCKNOWLEDGEMENTS . We thank Dra. Fresia Caba
susceptibility to be seeded by the circulating cancer celfsr her assistance in the statistical analysis, Dra. Nandy Lépez
These matters, however, are beyond the scope of this stuatyd Dr. Robert Swartz for their invaluable help.
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RESUMEN: La mortalidad por cancer de mama ha ido aumentando en Arica Chile, donde ha sobrepasado las tasas nacionales
11 veces entre los afios 1990 y 2010. La ciudad de Arica recibié aspersiones del pesticida organofosforado malatiérgecon el fin
controlar la mosca mediterranea, por primera vez hace 33 afios. Por otra parte hemos demostrado que un tratamientaidaaaalation
la formacién de carcinomas mamarios en ratas hembras Sprague Dowley. El objetivo de este trabajo es encontrar unaerklacién entr
aspersiones con malatiéon y el aumento en la tasa de mortalidad por cancer de mama que se ha observado en Arica eides3dtimos a
extrajeron de bases de datos, los casos de cancer mamario diagnosticados entre 1995 y 2005, en los Hospitales Dr. duradéNoé Crev
Arica y Ernesto Torres de Iquique. El nUmero de pacientes diagnosticados con cancer de mama fue 100 en Arica y 58 imidlégliique, ¢
gue nunca fue fumigada con malatién y con una poblacion similar a la de Arica durante esos afios. El analisis estadistiaotde las
risticas de la muestra, en relacion a los factores de riesgo de cancer mamario, mostré que no hay diferencia sigrefleatimajents
de Arica y de Iquique. Sin embargo, las mujeres con mayor tiempo de exposicion al malation fueron 5,7 veces mas propensas a ser
diagnosticadas con cancer de mama (OR = 5,7, p <0.02). Ademas el 30,5% del grupo expuesto a malation presenté metastasis y en e
grupo no expuesto solo el 16% (p <0.05). Este estudio sugiere que el aumento de la tasa de mortalidad por cancer de heama que se
producido en Arica tiene una correlacion significativa con la exposicién al malation esparcido sobre la ciudad hace mas.de 30 a

PALABRAS CLAVE: Pesticidas; Organofosforados; Inhibidores de colinesterasa; Metastasis; Salud publica.
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