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Dentro de los canceres hormondependientes, el cancer de mama es, tanto en Espafia como en la
mayoria de los paises desarrollados, el méas frecuente en la mujer y la primera causa de muerte
por céancer en la poblacion femenina. A pesar del intenso esfuerzo diagndstico y terapéutico, la
incidencia de cancer de mama continda incrementandose, principalmente, aquellos subtipos
hormonodependientes, no solo en los paises industrializados sino también en los paises en vias
de desarrollo. Ademaés de factores de riesgo ampliamente conocidos como la edad, menarquia
precoz, menopausia tardia, nimero de embarazos y lactancia acumulada, se ha postulado que la
exposicion a sustancias quimicas disruptoras endocrinas (DES) con actividad xenoestrogénica
podrian estar contribuyendo al incremento de nuevos casos que se estan registrando con el
tiempo. Entre las sustancias descritas como DEs se encuentran los denominados compuestos
organicos persistentes (COPs) [entre los que se incluye el p,p'-diclorodifenildicloroetileno (p,p -
DDE), el hexaclorobenceno (HCB), el hexaclorociclohexano (HCH) y congéneres de los
bifenilos policlorados (PCBs)] y los denominados como disruptores endocrinos no persistentes
(npDEs) [entre los que se encuentran el bisfenol-A (BPA), parabenes y benzofenonas]. Sin
embargo, los estudios epidemioldgicos realizados hasta la fecha han mostrado resultados
contradictorios, mostrando tanto asociaciones positivas como ausencia de asociacion. Dichas
discrepancias podrian estar causadas, al menos en parte, a diferencias metodoldgicas, la
naturaleza del estudio, el biomarcador de exposicién utilizado, el momento de la exposicion o la

poblacién de estudio analizada.

Asi, no existe actualmente consenso internacional sobre la matriz biolégica mas adecuada para
valorar la exposicion a DEs lipofilicos en pacientes de cancer de mama, ya que los niveles en
tejido adiposo son considerados como indicativos de exposicion acumulada, pero es una
muestra de dificil obtencion. Por otro lado, las concentraciones séricas (el biomarcador mas
accesible y ampliamente utilizado) podrian verse mas afectadas por ciertas condiciones
fisioldgicas. Para cumplir con el primer objetivo especifico de esta tesis doctoral, que era
evaluar las diferencias del tejido adiposo y el suero como biomarcadores de exposicion a DEs
en pacientes con cancer de mama, se cuantificaron las concentraciones en suero y tejido adiposo
de un grupo de COPs en una muestra de 103 pacientes diagnosticados de cancer de mama en el
Complejo Hospitalario de Granada. Tanto en tejido adiposo como en suero, el COP que mostrd
la concentraciéon mas elevada fue el p,p’-DDE (mediana 194.34 y 173.84 ng/g lipido,
respectivamente). En general, se detectaron correlaciones positivas entre los COP estudiados en
tejido adiposo, asi como en suero. Sin embargo, s6lo HCB y p,p’-DDE mostraron una
correlacion significativa entre tejido adiposo y suero, mientras que los PCBs no mostraron
correlacion entre ambas matrices. Ademas, observamos que mientras la edad se asociaba con la
mayoria de COPs en ambas matrices, la asociacion de determinados COPs con el indice de

masa corporal (IMC) dependia del marcador utilizado. Asi, se encontré una asociacion positiva
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en tejido adiposo, mientras que en suero la asociacién encontrada fue negativa. En la misma
linea, la pérdida reciente de peso se asocio con mayores niveles de COPSs en suero y menores en
tejido adiposo. Finalmente, las concentraciones séricas de HCB y PCB-180 eran menores entre
aquellas pacientes que habian recibido quimioterapia preoperatoria, mientras que los niveles en
tejido adiposo no se asociaban con el tratamiento neoadjuvante. Por tanto, nuestros datos
sugieren que las concentraciones de COPs en suero y tejido adiposo podrian verse afectadas
diferencialmente por factores externos, y por tanto, evidencian la utilidad que podria tener la
obtencion de informacion de los niveles de COPs en las dos matrices en lugar de una sola en el
caso de los estudios que abordan el riesgo de cancer de mama.

Por otro lado, la problemética de la exposicion humana a DEs y sus efectos carcinogénicos se
agrava en los paises en vias de desarrollo, donde los niveles de exposicion de la poblacion
pueden ser distintos, debido a la prohibicidn tardia de estos compuestos, el comercio ilegal o las
legislaciones inadecuadas, lo que podria suponer una exposicion sustancial e inadvertida de las
poblaciones. Para dar respuesta al segundo y tercer objetivo de esta tesis doctoral, se caracterizd
la exposicion inadvertida a DEs (COPs y npDEs), asi como la asociacion de COPs con el riesgo
de desarrollar cancer de mama, en un estudio caso-control compuesto por 125 mujeres
residentes en Tunez, un pais donde la legislacion para el manejo de los almacenes de residuos
no ha sido lo suficientemente estricta. La caracterizacion de la exposicion a DEs (objetivo 2) se
llevé a cabo entre el grupo control. Del total de COPs analizados, HCB, p,p'-DDE y PCBs (-
138, -153 y -180) mostraron frecuencias de deteccion cercanas al 100%. Las concentraciones
séricas de PCB138, PCB-153 y PCB-180 fueron 26.08, 119.10 y 29.84 ng/g lipido, mientras que
las de HCB vy p,p'-DDE fueron 19.98 y 127.59 ng/g lipido, respectivamente. La edad se asocio
positivamente con los niveles séricos de todos los COPs estudiados. Se detectaron niveles méas
elevados de PCBs en aquellas mujeres residentes en la mitad norte del pais, mientras que los
niveles de p,p'-DDE se asociaron a las mujeres que trabajan fuera de casa y a un mayor
consumo de cereales. Finalmente, el tiempo de lactancia acumulado se relacion6 con menores
niveles de p,p'-DDE y HCB. Simultaneamente, la media geométrica de los valores detectados en
orina de metil- etil- propil- y butilparaben fue 30.10, 1.43, 2.03 y 0.47 ng/mL, respectivamente,
mientras que la media geométrica de BPA encontrada fue 0.44 ng/mL y de benzofenona-1 y
benzofenona-3 fueron 1.33 y 1.10 ng/mL. Asi mismo, se observé que los niveles en orina de
benzofenona-1, benzofenona-3, metilparaben y propilparaben eran mas elevados en aquellas
mujeres premenopausicas. Por tanto, los niveles de exposicion a DEs, especialmente los altos
niveles de PCB-153, asi como los determinantes de dicha exposicion encontrados en mujeres
tunecinas demuestran la necesidad de desarrollar programas mas extensos de biomonitorizacion

con objeto de identificar fuentes de exposicion y grupos de poblacion especialmente expuestas.
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La asociacion entre la exposicion a COPs y el riesgo de desarrollar cancer de mama en la
poblacion tunecina (objetivo 3) se evalu6 mediante modelos de regresion logistica
incondicional. Tras ajustar los modelos por edad, IMC, clase ocupacional, residencia,
educacion, tiempo de lactancia acumulado, paridad, estado menopausico, historia familiar de
cancer de mama y contenido lipidico del suero, se detectd que las concentraciones séricas de f3-
HCH y p,p'-DDE se asociaron positivamente con el riesgo de desarrollar cancer de mama (OR
=1.10 y OR=1.37), mientras que la asociacion encontrada con el heptacloro fue cercana a la
significacion (p=0.078). Ademaés, los andlisis realizados usando las concentraciones de COPs en
terciles corroboraron la relacion dosis-respuesta encontrada para el p,p'-DDE (OR=6.26 y
OR=9.65 para los terciles 2 y 3, respectivamente). Los individuos con niveles detectables de (-
HCH mostraron una OR de 3.44 de desarrollar cancer de mama. Finalmente, la influencia
relativa de cada compuesto en presencia de los otros se analizé mediante la introduccion de los
tres compuestos en el modelo ajustado, observando que solo B-HCH se mantenia asociado
positivamente con el riesgo de cancer de mama (OR=1.18, 95%IC 1.05-1.34). En conjunto,
nuestros resultados sugieren que la exposicion a COPs (al menos la exposicion a B-HCH) se
asocia con un mayor riesgo de desarrollar cAncer de mama en la poblacién tunecina, aunque
estos resultados deben interpretarse con cautela, necesitdndose mas estudios que confirmen

estos hallazgos.

Finalmente, considerando (1) que la evidencia cientifica disponible es inconsistente, (2) que la
potencia xenoestrogénica es particular de cada DE, (3) que los humanos estamos expuestos a
una mezcla compleja de DEs con gran variabilidad inter-individual y (4) que podrian ejercer
efectos aditivos, sinérgicos y/o antagonicos; se intuye que pueda ser el efecto combinado de
varios DEs el que resulte ser un factor causal en la génesis de la enfermedad tumoral. Para
cumplir con el cuarto y Gltimo objetivo de esta tesis doctoral, evaluar la relacién entre la carga
total xenoestrogénica (TEXB) en suero y su relacion con el riesgo de cancer de mama, se llevo a
cabo un estudio casos-control compuesto por 382 mujeres procedentes del estudio multicaso-
control en Espafia (MCC-Spain) en el que se determiné la carga estrogénica total atribuible a
compuestos organohalogenados xenoestrogénicos (TEXB-a) y a las hormonas enddgenas y

compuestos xenoestrogénicos mas polares (TEXB-B).

Los casos mostraron una media geométrica de TEXB-a mayor que los controles (8.32 y 2.99
pM/mL, respectivamente), al igual que de TEXB-B (9.94 y 5.96 pM/mL, respectivamente). La
OR para el desarrollo de cancer de mama (ajustada por lugar de residencia, edad, IMC, nivel
educativo, habito tabaquico, paridad, edad del primer embarazo, menopausia, uso de terapia
hormonal sustitutiva, historia familiar de cancer de mama y cantidad de lipidos) fue de 1.77 y
3.45 para los terciles 2 y 3 de TEXB-o, respectivamente. Por tanto, nuestros resultados

demuestran que la exposicion a DESs xenoestrogénicos podria estar relacionada con el riesgo de
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desarrollar cancer de mama, confirmando la importancia de evaluar mezclas de DEs en lugar de

compuestos individuales durante el estudio de enfermedades hormono-dependientes.
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Among all the hormone-dependent cancers, breast cancer (BC) is the most frequently diagnosed
in women and is the leading cause of death in women in developed countries, including Spain.
Despite all the diagnostic and therapeutic effort made in the last decades, the incidence of BC is
still increasing, in particular in the hormone-dependent subtypes (in developed and developing
countries). In addition to well-known risk factors for BC such as age, precocious menarche, late
menopause, number of pregnancies and cumulative duration of lactation, it has been postulated
that exposure to endocrine disrupting chemicals (EDCs) with xenoestrogenic activity may
contribute to this increased incidence. This group includes those known as persistent organic
pollutants (POPs) [e.g. hexachlorobenzene (HCB), p,p’-dichlorodiphenyl-dichloroethylene
(p,p -DDE), B-hexachlorocyclohexane (B-HCH) and polychlorinated biphenyls (PCBs)] and
non-persistent EDCs (npEDCs) [e.g. bisphenol-A (BPA), parabens and benzophenones].
However, available epidemiological evidence has shown conflicting results, with some studies
showing positive associations and others no association between exposure and risk of BC.
These discrepancies between studies may be caused, at least in part, by differences in the
methodologies applied, the study design, the biomarker of exposure, the time of the exposure, or

the study population used.

Firstly, there is not international agreement on which biological matrix is the most adequate to
evaluate exposure to lipophilic EDCs in BC patients. Adipose tissue (AT) levels are considered
indicators of cumulative exposure, but AT is difficult to sample. In the other hand, serum
concentrations (the most accessible and widely used biomarker) may be affected by some
physiological conditions such as changes in fat metabolism. Hence, the first specific objective
of this PhD thesis is the evaluation of the differences between AT and serum as biomarkers of
exposure to POPs in BC patients. To this end, we quantified serum and AT concentrations of a
group of POPs in a cross-sectional study including 103 newly diagnosed BC patients at the San
Cecilio University Hospital in Granada. In both matrices, p,p -DDE was the most abundant POP
(194.34 and 173.84 ng/g lipid in AT and serum, respectively). In general terms, we found
significant positive correlation coefficients between pairs of POPs in AT, as well as in serum,
which were higher in AT in all the cases. However, we only found positive and statistically
significant correlations between serum and AT concentrations for p,p'-DDE and HCB but not
for PCBs. Age was positively associated with most POPs in AT and serum, while body mass
index (BMI) was positively associated with AT HCB concentrations and negatively associated
with serum PCB-153 and PCB-138 concentrations. Weight loss was inversely associated with
POP residues in AT and positively associated with POP residues in serum. Moreover, serum
HCB and PCB-180 concentrations were lower in patients who had received preoperative
chemotherapy, while AT concentrations were not influenced by this treatment. Therefore, our

results suggest that POP concentrations in AT and serum may be differentially affected by
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external predictors in BC patients. Hence, our findings demonstrate that the determination of
POP concentrations in both matrices, rather than in one, may be potentially useful for those
studies aimed at evaluating the risk of BC.

Second, human exposure to EDCs and their carcinogenic effects is a major public health
concern particularly in developing countries, where levels of exposure may be different due to
the late prohibition of EDCs, their illegal use or inadequate legislation, which may result in
inadvertent and substantial exposure in these populations. To address the second and third
objectives of this PhD thesis, EDC exposure (POPs and npEDCs) was characterized and its
association between POPs and risk of BC was investigated in a case-control study involving 125
women living in Tunisia, where old stockpiles of these compounds have been poorly managed.
Characterization of EDC exposure in Tunisia (objective 2) was carried out in the control group
of this study. Among the ten POPs analyzed, HCB, p,p’-DDE and PCBs (-138, -153 and -180
congeners) showed detection frequencies close to 100%. Median serum concentrations of PCB
congeners (-138, -153 PCB-180) were 26.08, 119.10 and 29.84 ng/g lipid, respectively. Median
concentrations of HCB and p,p'-DDE were 19.98 and 127.59 ng/g lipid, respectively. Age was
positively correlated with serum levels of the selected POPs. Women living in Northern Tunisia
showed higher serum levels of all the PCBs analyzed. Working outside home and cereal
consumption were positively associated to serum levels of p,p'-DDE. Cumulative lactation time
was also related to lower serum levels of p,p'-DDE and HCB. Simultaneously, urinary
geometric mean concentrations of methyl-, ethyl-, propyl- and butylparaben were 30.10, 1.43,
2.03 y 0.47 ng/mL, respectively. Geometric mean level of urinary BPA was 0.44 ng/mL, while
geometric mean levels of urinary benzophenone-1 and benzophenone-3 were 1.33 and 1.10
ng/mL, respectively. Furthermore, higher urinary levels of benzophenone-1, benzophenone-3,
methyl-paraben and propyl-paraben were found in premenopausal women. Therefore, the levels
of exposure to EDCs and the determinants of the exposure found in Tunisian women warrant
the introduction of biomonitoring programs in order to identify sources of exposure and

population groups at higher risk.

The association between POP exposure and risk of BC in Tunisian women (objective 3) was
evaluated by unconditional logistic regression analyses. After adjustment for age, BMI,
occupational class, residence, educational level, cumulative duration of lactation, parity,
menopausal status, family history of BC and total serum lipids, p-HCH and p,p'-DDE were
positively associated with BC (OR=1.10 and OR=1.37), while heptachlor was borderline
associated (p=0.078). Moreover, models using POP concentration tertiles corroborated a
positive dose-response relationship for p,p'-DDE (OR=6.26 and OR=9.65 for second and third
tertiles, respectively). Women with detectable levels of B-HCH showed an OR=3.44 for BC.

Finally, the relative influence of each chemical in the presence of the others was assessed by
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entering the three chemicals in a single model with all the covariates, and only B-HCH remained
positively associated with the risk of BC (OR=1.18). Taken together, our results suggest that
exposure to POPs (at least the exposure to B-HCH) may be associated to risk of BC in the
Tunisian population, although these results should be confirmed in future studies.

Finally, considering that (1) the available scientific evidence in inconsistent; (2) the endocrine
potency is specific for each EDC; (3) human beings are globally exposed to complex mixtures
of EDCs, with high inter-individual variability; and (4) EDCs can act cumulatively but also
exerting synergistic or antagonistic effects; it seems plausible that the combined effect may be a
risk factor in BC development. To explore the last objective of this PhD thesis, the evaluation of
the relationship between the combined estrogenic effect of mixtures of xenoestrogens in serum
and risk of BC, a case-control study was carried out. The study involved 382 women from a
large population-based multicase-control study in Spain (MCC-Spain) where the total effective
xenoestrogen burden attributable to organohalogenated xenoestrogens (TEXB-a) and
endogenous hormones and more polar xenoestrogens (TEXB-B) were quantified. Cases had
higher geometric mean TEXB-a and TEXB-f levels (8.32 and 9.94 pM/mL, respectively) than
controls (2.99 and 5.96 pM/mL, respectively). The OR for BC (adjusted for place of residence,
age, BMI, educational level, smoking habits, parity, age at first birth, menopause, hormone
replacement therapy, family history of BC and total lipid content) were 1.77 and 3.45 for second
and third tertiles of TEXB-a, respectively. Therefore, our results demonstrate that exposure to
xenoestrogenic EDCs may be related to higher risk of BC, confirming the importance of
evaluating mixtures of EDCs, rather than evaluating single compounds, when studying

hormone-related cancers.

Francisco Artacho Corddén PhD thesis



2. Abstract

Francisco Artacho Corddén PhD thesis



Environmental exposure to hormone-mimicking chemicals and risk of hormone-dependent cancer

3. ABBREVIATION LIST

Francisco Artacho Corddén PhD thesis



3. Abbreviation list

Francisco Artacho Corddén PhD thesis



Environmental exposure to hormone-mimicking chemicals and risk of hormone-dependent cancer

AR: androgen receptor

ASR: age-standardized rate

AT: adipose tissue

BC: breast cancer

BMI: body mass index

CI: confidence intervals

EDC: endocrine disrupting chemical
Eeq: equivalent unit

EPA: Environment Protection Agency
ER: estrogen receptor

DDE: dichlorodiphenyldichloroethylene
DDT: dichlorodiphenyltrichloroethane
HCB: hexachlorobenzene

HCH: hexachlorocyclohexane

HDL.: high-density lipoprotein

HPLC: high-performance liquid
chromatography

IARC: International Agency for Research

on Cancer

Francisco Artacho Corddén

LOD: limit of detection

LDL: low density lipoprotein
MMP: matrix metalloproteinase
NHL: non-Hodgkin’s lymphoma

npEDC: non-persistent endocrine disrupting
chemical

NR: nuclear receptor

OCP: organochlorine pesticide

OR: odd ratio

PCB: polychlorinated biphenyl

POP: persistent organic pollutant

QT: chemotherapy

RPE: relative proliferative effect

RPP: relative proliferative potency

TEQ: toxic equivalent

TEXB: total effective xenoestrogen burden

TR: thyroid receptor
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4.1 Hormone-dependent cancer

The endocrine system is a network of glands and organs that produce and release hormones,
which act as chemical messengers between different parts of the body. Each hormone targets a
particular type of cells able to receive and respond to even very low doses of hormones,
inducing different effects in these target organs and tissues such as growth and development,
changes in the sexual function or reproduction. For this reason, homeostasis of hormonal

synthesis and action is thoroughly regulated in the organisms (Neal 2016).

Hormone-dependent cancers are classically those of the reproductive tract, such as prostate and
testis cancer in men, and breast, ovarian and endometrial cancer in women. In addition to the
reproductive tract, thyroid is also a hormone-regulated organ (Carroll 1975) and, to a lesser
extent, lung and liver cancer are also sensitive to sex steroid hormones (Stabile et al. 2002;
Naugler et al. 2007).

Under physiological conditions, sex steroid hormones such as estrogens, androgens and
progestins control cell proliferation and differentiation rates. When normal cells transform into
tumor cells, they can retain or not their features. Hence, while some tumors are still controlled
by hormones, others are no longer regulated by them. In women, it is estimated that 65% of
total breast cancer (BC) are hormone-dependent, being more frequent during the
postmenopausal period (DeSantis et al. 2014). Although the underlying factors for the
development of hormone-dependent cancers are not fully understood, sex steroid hormones are
considered the primary modulators of the normal development and maintenance of these organs,
as well as of the malignant growth (Herington et al. 2010). This PhD thesis focuses on the role
of hormone-mimicking chemicals in BC development, because the underlying estrogen-
dependent mechanisms involved in the development of BC are the best understood among these

hormone-sensitive cancers.

4.2 Breast cancer in numbers

Excluding skin cancers, BC is the most common cancer diagnosed among women in both
developed and developing regions, with an estimated amount of 1.38 million new cancer cases
(22.9% of all cancers) diagnosed worldwide in 2008. The age-standardized rate of incidence
(ASR per 100.000 person-years) was 39.0 and the cumulative risk was 4.1% in 2008 (Ferlay et
al. 2010), being the main cause of over half a million deaths (13.7% of all cancers) worldwide in
2008. The ASR of mortality was 12.5 and the cumulative risk was 1.3% (Ferlay et al. 2010)
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(Table 1). By continents, North America has the highest incidence rate while Asia and Africa
have the lowest incidence. Europe is at the middle with almost half a million new cases
diagnosed in 2012 (28.8% of all cancers) (ASR of 94.2), being the leading cancer in terms of
mortality in most European countries (Ferlay et al. 2013).

Both sexes Male Female
ASR  Cum. Risk ASR  Cum. Risk ASR  Cum. Risk
Cancer site Cases (%) (world) (0-74) Cases (%) (world (0-74) Cases (%) (world) (0-74)

Lip, oral cavity 263 2.1 3.9 0.4 170 2.6 5.3 0.6 92 1.5 2.6 0.3
Nasopharynx 84 0.7 1,2 0.1 57 0.9 1.7 0.2 26 0.4 0.8 0.1
Other pharynx 135 1.1 2.0 0.2 107 1.6 3.4 0.4 27 0.4 0.8 0.1
Oesophagus 482 3.8 7.0 0.9 326 4.9 102 13 155 2.6 4.2 0.5
Stomach 989 7.8 1441 1.7 640 9.6 19.8 2.4 349 58 9.1 1.0
Colorectum 1233 9.7 17.3 2.0 663 10.0 204 2.3 570 9.4 146 1.6
Liver 748 59 108 1.2 522 79 160 1.8 225 3.7 6.0 0.7
Gallbladder 145 1.1 2.0 0.2 58 0.9 1.8 0.2 86 1.4 2.2 0.3
Pancreas 277 2.2 3.9 0.4 144 2.2 4.4 0.5 133 2.2 3.3 0.4
Larynx 151 1.2 2.3 0.3 130 2.0 4.1 0.5 21 0.3 0.6 0.1
Lung 1608 12.7 230 2.8 1095 16.5 34.0 4.1 513 8.5 13.5 1.6
Melanoma of skin 197 1.6 2.8 0.3 101 1.5 3.1 0.3 96 1.6 2.6 0.3
Kaposi sarcoma 34 0.3 0.5 0.0 22 0.3 0.6 0.1 12 0.2 0.3 0.0
Breast 1383 10.9 390 4.1 1383 22.9 390 4.1
Cervix uteri 529 4.2 15.2 1.6 529 8.8 15.2 1.6
Corpus uteri 287 2.3 8.2 1.0 287 4.8 8.2 1.0
Qvary 225 1.8 6.3 0.7 225 3.7 6.3 0.7
Prostate 913 7.2 285 3.5 913 13.8 285 3.5

Testis 52 0.4 1.5 0.1 52 0.8 1.5 0.1

Kidney 271 2.1 3.9 0.5 167 2.5 5.2 0.6 103 1.7 2.8 0.3
Bladder 386 3.0 5.3 0.6 297 4.5 9.1 1.0 89 1.5 2.2 0.2
Brain, nervous system 238 1.9 3.5 0.3 127 1.9 3.9 0.4 110 1.8 3.2 0.3
Thyroid 212 1.7 3.1 0.3 49 0.7 1.5 0.2 163 2.7 4.7 0.5
Hodgkin lymphoma 67 0.5 1.0 0.1 40 0.6 1.2 0.1 27 0.4 0.8 0.1
Non-Hodgkin lymphoma 355 2.8 5.1 0.5 199 3.0 6.1 0.6 156 2.6 4.2 0.4
Multiple myeloma 102 0.8 1.5 0.2 54 0.8 1.7 0.2 47 0.8 1.3 0.1
Leukemia 351 2.8 5.1 0.5 195 2.9 5.9 0.6 155 2.6 4.3 0.4
All cancers excl. non- 12677 100.0 1818 18.7 6639 100.0 204.4 212 6038 100.0 164.9 16.5

melanoma skin cancer

Table 1. Worldwide incidence of cancer, 2008. Estimated new cases (thousands), age-
standarized rates (ASR per 100,000) and cumulative risks to age 75 (percent) by sex and cancer
site worldwide (Ferlay J et al. 2010).

The factors that contribute to the international variation in incidence rates largely stem from
differences in reproductive and hormonal factors and the availability of early detection
programs (Jemal et al. 2011). However, differential exposure rates to environmental factors,
which are known to play an important role in the pathogenesis of the disease, may also
contribute to this international variation (Soto and Sonnenschein 2010; Soto and Sonnenschein
2015). Although Spain in considered one of the European countries with lowest incidence of

BC, more than 25.000 new cases were diagnosed in 2012, and 6,000 deaths were recorded in the
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twelve Spanish cancer registries (Ferlay et al. 2013). In Spain, Huelva is the Spanish province
with the highest incidence rate, while Granada has a low-middle incidence rate in comparison
with other Spanish provinces. In 1985, a cancer registry was created in Granada. It has
registered 1.337 new cases (ASR of 83.0) between 2009-2011.

In the Tunisian population, from which this PhD is partly focused, BC represents 33% of female
cancers in Tunisia, with approximately 1,600 new cases per year. Although BC is less frequent
in Tunisia than in European countries (Maalej et al. 2008), the crude incidence of diagnosed
BCs increased from 25.5 cases/100.000 women in 1995-1998 (RCNT 1998) to 32.3 in 2004—
2006 (RCNT 2006 ).

In addition to the crude numbers, the incidence and mortality trends are also useful to identify
new putative risk factors and to evaluate cancer-control strategies. Despite the fact that BC
mortality has decreased since 1993, it has been published that BC incidence is still increasing in
Granada, with an annual increase of 2.5% (RCG 2014) and a recent recession in the whole
country that could be related to the saturation of the screening programmes (Lépez-Abente et al.
2014).

4.3 Breast cancer etiology: more than a genetic instability

Despite the fact that the etiology of BC is still largely unknown, there are consistent
epidemiological data that have identified risk factors, crucial in the prevention and estimation of
individual risk. In this regard, a person known or suspected to be at increased risk of BC may
warrant surveillance based on clinical examination and imaging studies at specific intervals
(Mahoney et al. 2008). However, it is worth mentioning that the majority of women with BC do
not have any identifiable risk factor (Lacey et al. 2009).

Well-established risk factors for BC can be grouped into (1) non-modifiable risk factors (sex,
age, ethnicity, genetic factors, family history, menarche), (2) modifiable risk factors (BMI,
reproductive history, diet, physical activity, smoking habits, exogenous estrogen consumption
or alcohol] and (3) potentially modifiable risk factors (age at first pregnancy, lactation or

menopausal age) (Mahoney et al. 2008) (Table 2).

Considering the non-modifiable risk factors, it is known that BC is a rare event in males, with
an incidence ratio of 1 in 100 in comparison with women (Ahmedin Jemal et al. 2008).
Together with the sex, age is considered the main risk factor to develop BC, doubling the risk

every 10 years until menopause, then the risk slows down (Vogel 2008). Studies carried out in
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the US revealed that non-Hispanic white women have the highest incidence rate and Asian

American and Hispanic women, the lowest (Ma and Jemal 2013).

Non-modifiable Modifiable

Female gender Body mass index
Age Reproductive history
Genetic changes (mutations, BRCA,...) Diet
Family history of breast cancer Physical activity
Race / Ethnicity Smoking habits
Density Hormone-replacement therapy
Precocious Menarche Oral contraceptives
Potentially modifiable Alcohol

No. Pregnancies
Cumulative duration of lactation

Late menopause

Table 2. Etiology of breast cancer. Best known risk factors for breast cancer
stratified by the plausibility to be modified.

Regarding menarche and menopausal age, it is known that estrogenic stimuli lead to a higher
risk of developing the disease (Kelsey et al. 1993). In this respect, precocious menarche has
been associated with higher estradiol levels in the adolescent period (Bernstein 2002), and late
menopause has been associated with higher risk of BC (Travis et al. 2003). In fact, it has been
hypothesized that increased numbers of regular ovulatory menstrual cycles increase the risk of
BC (Bernstein 2002), which is mainly regulated by sex hormones. Parity (Singletary et al. 2003)
and longer cumulative duration of lactation, characterized for the critical influence of female
hormones, have also been associated with a decreased risk for BC (Collaborative Group on
Hormonal Factors in Breast Cancer 2002), while the consumption of oral contraceptives
(Kahlenborn et al. 2006) or hormone replacement therapy has been suggested to increase BC
risk (Million Women Study Collaborators 2003).

Concerning the inheritance of BC, most of cases are spontaneous and no familiar association
can be found. However, it is known that the existence of family history increases the relative

risk for the development of BC (Conzen 2008). Moreover, scientific research showed the
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extremely high frequency of mutations in specific genes (BRCALl and BRCA2) in breast
tumors, and therefore, much effort has been made for a better understanding of the role of
genetic instability in the development of BC (Miki et al. 1994).

However, in spite of the huge amount of genetic mutations in BC identified during the last
decades, a vast array of studies has revealed that there are many environmental factors that can
be modified for prevention purposes. In this sense, it is known that obesity (Lahmann et al.
2004), fatty diet (Sieri et al. 2008) and consumption of alcohol (Tjgnneland et al. 2007) and
tobacco (Baron et al. 1996) increase the risk of BC, while regular physical activity reduces the
risk (Bernstein 2008).

In spite of that, the mentioned increase in the incidence of BC during the past 50 years cannot
be accounted for by the introduction of screening mammography or by known risk factors (Soto
and Sonnenschein 2015). It has been hypothesized that this significant increase in the incidence
of BC in the industrialized world may be partially due to exposure to hormonally active

chemicals, particularly xenoestrogens (Davis et al. 1993).

4.4 The endocrine disrupting hypothesis

From the late 1990s, a number of definitions of what is an endocrine disrupting chemical (EDC)
have been coined by national and international government agencies. The first definition of
what constitutes an endocrine disrupting chemical was published in the proceedings of a
workshop organized by the United States Environment Protection Agency (EPA) (Kavlock et al.
1996):

“(...) an exogenous agent that interferes with the production, release, transport, metabolism,
binding, action or elimination of natural hormones in the body responsible for the maintenance

of homeostasis and the regulation of developmental processes. ”

Despite this definition, in 1996 the term “adverse” was included, introducing a problematic
issue for the first time. Since then, a group of keywords such as “intact organisms” Or
“(sub)populations of organisms” have been added to the original definition due to the
increasing understanding of the underlying mechanisms by which an EDC can exert its effects,
so the original idea of ECDs exerting actions primarily through nuclear hormone receptors such
as estrogen (ERs), androgen (ARs) or thyroid receptors (TRs) has evolved to a much broader
mechanism that also acts via non-nuclear steroid hormone receptors (e.g. membrane ERs), non-

steroid receptors (e.g. neurotransmitter receptors), enzymatic pathways involved in steroid
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biosynthesis and/or metabolism, and numerous other mechanisms that converge upon endocrine

and reproductive systems (Diamanti-Kandarakis et al. 2009).

The working definition of an EDC adopted by the International Programme for Chemical Safety
(IPCS - which involves WHO, UNEP and ILO), together with Japanese, USA, Canadian,

OECD and European Union experts is:

“An endocrine disrupter is an exogenous substance or mixture that alters function(s) of the
endocrine system and consequently causes adverse health effects in an intact organism, or its

>

progeny, or (sub)populations.’

441 Classification of EDCs. The problem of the chemical structure

There are growing concerns about the number of synthetic chemicals able to interfere with the
hormone system. Traditionally, EDCs were identified due to their similarity with the chemical
structure of the endogenous hormones, and therefore, with their ability to interfere with them
and/or their receptors. Currently, the group of molecules identified as EDCs is highly
heterogenous and may not appear to share any structural similarity. However, the whole group
of demonstrated or suspected EDCs are molecules with small molecular mass (<1000 Daltons),
and usually containing halogen group substitutions by chlorine and bromine, with a phenolic
ring that is thought to mimic natural steroid hormones and therefore, these compounds are able

to interact with steroid hormone receptors (Diamanti-Kandarakis et al. 2009).

Resistance of EDCs to physical, chemical and biological degradation as well as their degree of
liposolubility are useful predictors of the environmental and biological kinetics of these
compounds. In this sense, EDCs have been traditionally divided into “persistent organic
pollutants” (POPs) and “non-persistent EDCs” (npEDCs).

The first group comprises a wide variety of organochlorine pesticides (OCPs) [including
dichlorodiphenyltrichloroethane (DDT) and its metabolite dichlorodiphenyldichloroethylene
(DDE), hexachlorobenzene (HCB), and y- hexachlorocyclohexane (y-HCH)]; polychlorinated
biphenyls (PCBs), dioxins, furans and polybrominated diphenyl ethers (PBDES) used as flame
retardants. However, POPs can be included in a wider group of compounds called “persistent
toxic substances” that also includes some heavy metals (e.g. mercury) (Porta et al. 2008a).
These persistent substances were designed to have long half-lives to persist in soil and,
therefore, they are very slowly metabolized in living organisms, and they can even be broken
down into more toxic compounds than the parent molecule. Due to their persistence and

lipophilicity, POPs tend to bioaccumulate and biomagnify in the food chain, resulting in
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considerable exposure of living organisms (Frenich et al. 2000; Botella et al. 2004; Cerrillo et
al. 2006; Fernandez et al. 2008; Lopez-Espinosa et al. 2008; CDC 2009; Arrebola et al. 2013a;
Schettgen et al. 2015) even decades after these compounds were banned. In fact, since the early
1970s, most countries have banned or severely restricted the production, handling, and disposal
of POPs due to the consistent evidence of their clinical effects at doses traditionally considered
safe, including reproductive disorders, teratogenicity or carcinogenicity (Olea et al. 2001a, b;
Porta et al. 2008b).

In the other hand, the npEDC group includes bisphenol A (BPA), parabens (methyl-paraben,
ethyl-paraben, propyl-paraben and butyl-paraben), phthalates or UV-filters. They are less
liposoluble than POPs and therefore, they are proned to be metabolized and excreted via the
urine (Frederiksen et al. 2007; Sgeborg et al. 2014) instead of accumulating in the adipose tissue
(AT). Due to the fact that the clinical adverse effects of the npEDC group have been less
studied, there is a lack of international ban in their production, handling, and disposal [with the
exception of BPA which has been by the European Commission (2011/8/EU) (The European
Commission 2011)], and control is limited to few national laws in most developed countries.
For instance, on 21 March 2011, Denmark notified the European Commission the ban on
propylparaben, butylparaben, their isoforms and salts in cosmetics for children on the grounds

of reproductive toxicity.

This PhD thesis mainly focuses on EDCs from the POP group, including HCB, HCH, p,p -DDE
and PCBs (Figure 1). HCB, with a half-live of up to 23 years in soil, started to be used as a
fungicide since 1945 to slow down fungal growth. Since then, it has been used in different
crops. In 1971 the use of HCB as fungicide was banned in the US, but it is still used in the
chloride solvent and pesticide production (ATSDR 2015). Currently, HCB can be mostly found
in treated and background soils, sediments, and oceans. It can also be found in air, surface
water, and groundwater due to the disposal of HCB products into these environmental
compartments and as a byproduct of other processes. Moreover, HCB can also be detected in
fish and food products. In fact, it has been estimated that fish coming from heavily polluted
areas can contain levels of HCB greater than 100 ng/g tissue (ATSDR 2015). Current evidence
suggests that HCB may interfere with ovarian function, fertility, seminal vesicle weight, as well
as with children disorders such as mental and physical development or cryptorchidism (Reed et
al. 2007). However, the role of HCB in BC is still unclear. Although some researchers have
detected higher levels of HCB in BC patients than in controls (Mussalo-Rauhamaa et al. 1990;
Charlier et al. 2003; Charlier et al. 2004), others have found no association (Tongzhang Zheng
et al. 1999).
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Lindane is the most used organochlorine pesticide from those included in this PhD thesis. It is
the gamma isomer of HCH (y-HCH), accounting for 15% of the total HCH. In fact, it is
estimated that each tonne of lindane generates between 8 and 12 tonnes of other HCH waste
isomers (e.g. a-HCH and B-HCH) (Bodenstein 1972). Despite its use is now banned in Western
countries, lindane was extensively used as insecticide some decades ago. Based on the
experience of our research group in the analysis of human exposure to lindane in Southern
Spain, HCH is a usual residue in human tissues and fluids (Campoy et al. 2001; Botella et al.
2004, Carrefio et al. 2007; Lopez-Espinosa et al. 2007). Regarding the health related effects of
HCH, in vitro studies have demonstrated estrogenic activity of HCH in BC cell lines (Steinmetz
et al. 1996). Furthermore, exposure to HCH has been positively associated with cryptorchidism
and hypospadias in children (Fernandez et al. 2007a), and with obesity in adults (Arrebola et al.
2014). Moreover, exposure to HCH was found to be positively associated with increased BC
risk (Ibarluzea et al. 2004) and non-Hodgkin’s lymphoma (NHL) (Rafnsson 2006).
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Figure 1. Chemical structure of POPs included in this PhD thesis: a) hexachlorobenzene
(HCB); b) dichlorodiphenyltrichloroethane (DDT), c¢) dichlorodiphenyldichloroethylene

(DDE); d) hexachlorocyclohexane (HCH); e) polychlorinated biphenyl (PCB)-138; f) PCB-
153; g) PCB-180

DDT and its metabolite DDE have been extensively studied in relation to adverse human health
effects. DDT is a pesticide widely used to control insects on agricultural crops and vectors
carrying diseases like malaria or typhus in the past (ATSDR 2002). Although DDT use for
agricultural purposes is banned in most countries, it is still used for vector control in a few
countries, particularly in Africa. Although DDT was banned some decades ago, it can last in the
soil for a very long time, potentially for hundreds of years. Although considerable controversy
still exists regarding health effects associated to DDT/DDE exposure, overall epidemiological
evidence suggests that positive associations with reproductive effects are usually found in areas

where DDT was used for vector control purposes (Ayotte et al. 2001; Aneck-Hahn et al. 2007),
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while either positive or no associations are found when studies are conducted in low exposed
populations (Hauser et al. 2003; Charlier et al. 2004; Charlier and Foidart 2005). Similarly,
epidemiological studies focused on BC have found positive (Wolff et al. 1993; Charlier et al.
2004) and no association with p,p-DDE exposure (Toingzhang Zheng et al. 1999; Aronson et
al. 2000; Wolff et al. 2000).

PCBs are a class of aromatic compounds comprising 209 congeners, which were widely used as
dielectric fluid in capacitors and transformers, as well as in building materials. Although PCB
production was banned in most countries by the 1980s, PCBs are still found in atmosphere, soil,
rivers, lakes, fish, wildlife animals and humans (Safe 1994; Zhang et al. 2015). Despite
exposure to these chemicals in the general population have decreased since they were banned,
almost the entire population have detectable levels of some of them (Fernandez et al. 2008;
Arrebola et al. 2012a). The role of PCBs in breast carcinogenesis is associated to their potential
to induce estrogenic and anti-estrogenic effects in human breast cells (Bonefeld-Jgrgensen et al.
2001), as well as to induce cytochrome P450 enzymes (Moysich et al. 1999). In fact, P450-
metabolized PCBs result in more estrogenic compounds (Soto et al. 1995). In addition to BC,
PCBs are suspected to be related to low birth weight (Rylander et al. 1998; Govarts et al. 2012)
and neurodevelopmental disorders in children (Caspersen et al. 2016), among other health

effects.

4.4.2 Sources of exposure to persistent EDCs

Despite the use of POPs is almost completely restricted in Western countries, severe human
exposure to POPs is suspected in those countries where these chemicals are still in use today,
such as DDT in malaria-affected countries (Whitworth et al. 2014), and in some heavily
contaminated areas where old stockpiles have been poorly managed, as it has happened in some
populated areas of Armenia (Dvorska et al. 2012), Mexico (Trejo-Acevedo et al. 2013), Bolivia
(Mercado et al. 2013) and in some African countries like Tunisia (Dasgupta et al. 2010) (Figure
2). Sabifidnigo, a municipality located in Northern Spain, has also been recently pointed out as a
heavily contaminated area, with a huge stockpile of technical HCH that has been poorly
managed in the last decades (Fernandez et al. 2013). Therefore, exposure to these chemicals in
hot spots should be an issue of public health considering its magnitude in developing countries
(Trejo-Acevedo et al. 2009).

In addition to these hot-spot areas, global population is suspected to be primarily exposed to
POPs through the diet, rather than through inhalation, given the bioaccumulation pattern of

these chemical in the food chain (Porta et al. 2008b). In fact, many studies conducted in
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different populations have identified that diet, and especially fatty food is a crucial source of
exposure for the general population (McGraw and Waller 2009; Gasull et al. 2010; Arrebola et
al. 2012b). Therefore, high-fat diet consumers should be also considered a subgroup of
population highly exposed to POPs. Hence, the general population is mainly exposed to POPs
through the dietary intake, which in combination with the bioaccumulation pattern of these
chemicals, leads to a long-term exposure to POPs. For example, salmon, an oil-rich fish with a
life-cycle of approximately 3-8 years, contains 2.9 ng/g tissue HCB, 21 ng/g DDT, or 2.4
toxicity equivalents (TEQ) pg/g PCBs (Berntssen et al. 2010). Dairy products and egg
consumption have also been identified as important sources of exposure to POPs due to their
high fat content (Agudo et al. 2009). Moreover, residues of POPs have been found in fruit,
vegetables and cereals that have come into contact with contaminated soils (Tao et al. 2005),
although it should be expected from areas suspected of a recent use of these pesticides.

Therefore, remedial strategies should focus on reducing POP into the food chain, especially in

hot spot areas (Cerna et al. 2012).

Figure 2. Current state and geographical distribution of obsolete stockpiles in Tunisia.
National Agency for Waste Managment (ANGed). Department of Agriculture and
Environment. Republic of Tunisia

443 Mechanisms of action in endocrine disruption

In addition to the identification of human diseases related to exposure to EDCs, much effort has
been made in the last years to understand the mechanisms of action of these compounds, as well

as to understand how different compounds without similar chemical structures can exert similar
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physiological effects. In this regard, some of the properties of EDCs can make the study of these

mechanisms more difficult (Olea et al. 2002), including:

- EDCs have a very low potential of action in comparison to natural hormones.

- The variety on the nature and chemical structure of EDCs makes difficult to identify
potential compounds and their sources of exposure.

- The possibility that the combined effect of several EDCs may be crucial to exert a
hormonal effect, making measurements even more difficult due to the lack of
standardized methods to test these effects.

- The uncertainty about (1) the specific effect that each EDCs may exert on each
target organ, the time-point of exposure or (3) the levels of endogenous hormones

existing simultaneously.

There are three main pathways by which a xenobiotic can disrupt the hormone system (Figure
3). Although, theoretically, EDCs may affect every possible hormonal pathway, their
interactions with nuclear hormone receptors (NRs), especially ERa, ERp, is by far the most
studied mechanism of endocrine disruption (Riiegg et al. 2009). These NRs can bind to DNA
and modify the expression of down-stream genes, and can therefore act as orchestrators in the
development, physiology and disease. However, EDCs also act outside the cell nucleus
interacting with cell membrane-bound receptors, therefore, affecting a variety of well-known
signalling cascade proteins (Schug et al. 2013). There is also strong evidence showing that
EDCs can also disrupt the hormone system in an indirect way, through the modification of
biosynthesis, metabolism and/or hormone excretion (Rlegg et al. 2009). In addition to that,
there are some studies giving EDCs a putative role in other physiological mechanism, such as
interfering with the epigenetic remodelling of DNA (Anway et al. 2005; Vilahur et al. 2014a) or

modifying the activity of hormone receptors (Jansen et al. 2004).

4.4.4  Strateqgies for the evaluation of the endocrine activity of synthetic chemicals

This wide variety of mechanisms of action of EDCs significantly hampers the evaluation of the
health effects associated to human exposure to endocrine disruptors. The first step aimed to
clarify the adverse effect of this exposure should be to determine the endocrine disrupting
properties for suspected compounds. In this regard, there are a variety of validated in vitro and
in vivo assays available to test (anti-) estrogenicity (Soto et al. 1995; Takatori et al. 2003;
Kuruto-Niwa et al. 2005), (anti-) androgenicity (Térouanne et al. 2000; Freyberger et al. 2010)

and thyroid disruption (Santini et al. 2003). However, due to the interest in the estrogenic
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effects of EDCs in this thesis, a more comprehensive description of the strategies for testing

xenoestrogenic compounds has been provided.

EDC/Hormones

A. Receptor Binding
Plasma Membrane
Membrane Receptor
Cytoplasm

[ Cofactor(s) \
B. NR Activation "‘V:-VI"T\ mRNA |;
| |—>/\/\/\ |
\ \OWONOVAYA
' S
C. Gene/Protein Expression %
Protein

Figure 3. Mechanisms of action of endocrine disrupting chemicals (EDCs). Best known
EDC mechanisms of action include extracellular binding to membrane receptor (A),
interactions with nuclear receptors (B) and modification of gene and/or protein expression
profile (Schug TT et al. 2013).

A number of in vitro assays have been reported for testing xenoestrogenic properties of
suspected compounds. They are based on known mechanisms of action of the endogenous
hormones, and include cell proliferation and gene expression assays in mammalian cells and
yeast, competitive ligand binding assays using globulins and receptors or measurements of the
enzymatic activity involved in steroid synthesis [reviewed in (Zacharewski 1998)]. However, in
spite of this wide variety of strategies for testing xenoestrogenic properties of synthetic
chemicals, by far most of the studies carried out to identify endocrine disrupting activity are
based on the slightly modified version (Villalobos et al. 1995) of the cell proliferation assay
called “E-SCREEN assay” (Soto et al. 1995). This cell-culture assay is based on the
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proliferation effect exerted by an estrogen-like substance in a human BC estrogen-sensitive
MCF-7 cell line. The E-SCREEN assay was developed following three premises: (i) factors in
human serum inhibit the proliferation of MCF-7 cells, (ii) estrogens induce cell proliferation by
negating this inhibitory effect, and (iii) non-estrogenic steroids and growth factors do not
neutralize the inhibitory signal present in human serum. The simplicity of the methodology has
led the E-SCREEN to be used in thousands of studies. Briefly, the E-SCREEN assay work as
follows: a similar number of MCF-7 cells are seeded in each well, they are allowed to attach for
24 hours, and then the seeding medium is replaced by 10% CDHS-supplemented phenol red-
free DME. A range of concentrations of the compound being tested should be added, and the
assay is stopped after 144 hours by removing the medium from wells, fixing the cells, and
staining them with sulforhodamine-B. Finally, bound dye is solubilized, transferred to a new
well and colorimetrically measured. The estrogenic activity of xenobiotics is then assessed as
follows: first, the ratio between the cell yield obtained and the proliferation of hormone-free
control cells (negative control) is calculated. Then, results are expressed as proliferative effect
(PE) [MCEF-7 cell proliferation (-fold over control)]. Finally, the dose resulting in half-maximal

MCEF-7 cell proliferation (EC50 value) is calculated for each compound.

Following this methodology, a wide variety of synthetic compounds have been identified as
exerting xenoestrogenic properties, including some POPs (Soto et al. 1995; Rasmussen et al.
2003), and npEDCs (Okubo et al. 2001; Bonefeld-Jorgensen et al. 2007) (Table 3).

Compound RPE,% RPP, %

Estradiol 100 100
o,p’-DDT 96 0.016
p,p’-DDE 92 0.008
HCB - -
B-HCH 61 0.04
PCB-138 - -
PCB-153 - -
PCB-180 - -

Abbreviations: RPE, relative proliferative
effect; RPP, relative proliferative potency

Table 3. Estrogenic response of studied POPs, using the E-
SCREEN assay [modified from (Rasmussen et al. 2003)]

In addition to this competition with nuclear ER receptors, it has also been suggested that POPs

may induce estrogenicity by alternative mechanisms, for example, increasing local biosynthesis
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of estrogens by inducing aromatase and sulfatase pathways (Mufioz-de-Toro et al. 2006) or by
reducing adiponectin levels (Duggan et al. 2010). Therefore, although POPs with
xenoestrogenic potential frequently show a 1000-fold lower affinity for ER in comparison to
estradiol (Lemaire et al. 2006), they might induce the production of natural estrogens with the
subsequent activation of ERs (Pinzone et al. 2004).

445 EDCs: Single vs. combined effects

In addition to the importance of the identification of new synthetic chemicals with endocrine
disrupting activity, much effort has been made in the last decades to assess human exposure to
known EDCs as well as to determine their role in human health. In this regard, the majority of
research groups have focused on the associations between levels of specific compounds and
different diseases including neurodevelopment (Puertas et al. 2010; Freire et al. 2011; Forns et
al. 2012; Shelton et al. 2014), fertility (Bay et al. 2006; Lassen et al. 2014), cancer (Boada et al.
2016; Pi et al. 2016) or metabolic disorders including obesity (Dirinck et al. 2011; Arrebola et
al. 2014), diabetes (Airaksinen et al. 2011; Arrebola et al. 2013b) or hypertension (Arrebola et
al. 2015). However, considering that (1) the endocrine potency is specific for each EDC, (2)
human beings are globally exposed to complex mixtures of EDCs, with high inter-individual
variability, and (3) EDCs can act cumulatively but also exerting synergistic or antagonistic
effects, it has been suggested the need for assessing health effects from a mixture perspective
(UNEP/WHO 2012). In fact, it has been pointed out that the determinant factor for BC risk is
the mixture of different EDCs instead of one single EDCs (Boada et al. 2012). Hence,
measuring the total estrogenic burden due to environmental contaminants present in a biological
sample may be more meaningful than assessing exposure by single-chemical levels of known

xenoestrogens (Soto et al. 1995).

In this regard, our research group developed a new tool to assess the total xenoestrogenic
activity (TEXB) from the specific mixture of EDCs stored in each biological sample, which is
based on the estrogenicity exerted in the E-SCREEN assay (that measures estrogen-dependent
proliferative rate in MCF-7 BC cells) by lipophilic synthetic compounds (including POPs)
previously separated from the endogenous hormones (Fernandez et al. 2004). Hence, this new
tool has been standardized for measurements in AT (Fernandez et al. 2004) and in placentas
(Lopez-Espinosa et al. 2009). Briefly, the biological sample is extracted following a tissue-
specific validated method and the components of the residue obtained are then divided in two
fractions by high-performance liquid chromatography (HPLC). The HPLC method was
developed to allow the separation of natural estrogens (beta-fraction, eluted from 13-30 min)
from more lipophilic xenoestrogens (alpha-fraction, eluted from 0-11 min) without their

destruction. After drying the fractions under a nitrogen stream, alpha and beta-fractions are
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dried and resuspended in charcoal-dextran serum and tested in the E-SCREEN bioassay for
estrogenicity according to the originally described technique (Soto et al. 1995) with slight
modifications (Villalobos et al. 1995). Each sample is assayed in triplicate with a negative
(vehicle) and positive (estradiol) control in each plate. The plate efficiency of fractions is
referred to the maximum effect obtained with estradiol and transformed into estradiol equivalent
units (Eeq) by reading from a dose—response curve prepared using estradiol (concentration
range from 0.1 pM to 10 nM). Results are expressed as total effective xenoestrogen burden
(TEXB-alpha and TEXB-beta) in Eeq per gram of lipid (Fernandez et al. 2004) (Figure 4).

Since the development in 2004 of the biomarker used to determine the combined or mixed
effect of xenoestrogenic chemicals, it has been satisfactorily applied to a number of studies
aimed at assessing the health effects of the exposure to environmental xenoestrogens in the last
decade. Thus, TEXB burden in AT has been related to a higher risk of BC (lbarluzea et al.
2004), especially in the leaner postmenopausal subgroup, and TEXB burden in placenta was
positively associated with risk of cryptorchidism and hypospadias (Fernandez et al. 2007a), low
birth weight (Vilahur et al. 2013) and impairment in neuropsychological development (Vilahur
et al. 2014b) in newborns and children. These results, obtained from different populations and
from two different biological matrices and for different diseases, may reflect the usefulness of

the use of biomarkers of EDCs combined effect in human tissues.

a) Adipose tissue b) BUS-MCF-7
Placenta o TEXB-@  /  TEXB-B
Se ru m Q,", 11 110 1:100 1:1000 1:1 1:10 1:100 1:1000 (Dilution factor)

Chemical extraction

Sample 1

Extract
HPLC

TEXB-a TEXB- B

E-Screen E-Screen
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mEq E, mEq E,

Total Effective Xenoestrogen Burden

Figure 4. Determination of the Total Effective Xenoestrogen Burden (TEXB). A) Schematic
procedure for measuring the Total Effective Xenoestrogen Burden (TEXB). The method
includes a chemical extraction followed by fractionation by HPLC and finally the residue is
tested in the E-SCREEN assay. B) Example of an E-SCREEN assay for serum extracts.
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446 Biomarkers of human exposure to EDCs in breast cancer patients

The presence of EDCs in human tissues and fluids has been documented by many studies in the
last decades (CDC 2009). While the urine is currently considered the most adequate biological
matrix for the measurement of the levels of exposure to npEDCs, due to their water-soluble
properties that allow them to be excreted via the urine (Sgeborg et al. 2014), the estimation of

internal burden of POPs is more controversial.

As mentioned above, POPs are a group of chemicals characterized by being highly lipophilic
and highly resistant to physical, chemical and biological degradation (Olea et al. 2002). These
properties lead to their bioaccumulation in fat compartments, and therefore AT is acknowledged
to be the main repository of POPs in the body, accounting for all routes and sources of exposure
and representing a stable and long-term reservoir of these compounds (Kohlmeier and
Kohlmeier 1995).

However, since samples of AT can be obtained only from patients who undergo surgery, and
samples from healthy people are usually difficult to obtain, most studies used blood serum for
exposure assessment in the general population (Wolff et al. 1993; Hayer et al. 1998; Helzlsouer
et al. 1999; Woodruff et al. 2011). Due to the extended use of serum for the determination of
long-term exposure to POPs, the steady-state partitioning between serum and the AT is an
important consideration (Rusiecki et al. 2005). In this regard, it was suggested that variation in
the partitioning of chronically retained lipophilic xenobiotics between AT and serum may be

related to variation in the lipid content of serum (Eyster et al. 1983; Guo et al. 1987).

In the 1980s-90s, it was argued that if lipid-adjusted concentrations in serum and in AT are
highly correlated, then measurement in either of these two compartments may be considered a
reliable biomarker of exposure (Mussalo-Rauhamaa 1991; Stellman et al. 1998; Lopez-Carrillo
et al. 1999; Rusiecki et al. 2005). However, although many authors have found a strong
correlation between POP concentrations in serum and AT (L6pez-Carrillo et al. 1999; Pauwels
et al. 2000; Waliszewski et al. 2004; Whitcomb et al. 2005), it remains unclear whether POP
concentrations in serum can accurately reflect the body burden of these chemicals in all
situations (Mussalo-Rauhamaa 1991; Aronson et al. 2000; Wolff et al. 2000; Rusiecki et al.
2005; Arrebola et al. 2012a). In fact, it is possible that POP concentrations in these two matrices
may be strongly correlated in some cases but not in others, given the fact that serum
concentrations are influenced not only by current exposure but also by the recirculation of POPs
from AT due to lipolysis (Crinnion 2009). Therefore, we should question whether the

interpretation of serum measurements accurately reflects the AT concentrations of these
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compounds, especially during the study of certain population groups suffering from severe
physiological changes like BC. For example, most chemotherapy (QT) treatments are believed
to reduce concentrations of serum lipid fractions [e.g. triglycerides, total cholesterol and low
density lipoprotein (LDL)] in patients with BC (Ray et al. 2001; Shah et al. 2008). Furthermore,
given the widespread administration of neoadjuvant treatments in BC treatment, it is relevant to
assess whether they can act as confounders or effect modifiers in the potential association
between POPs and BC risk.

447 State of art in the role of EDCs in breast cancer

The development of BC is known to be a multifactorial process but, considered separately, these
factors cannot explain the magnitude of the problem. It has been estimated that population-
attributable risk of BC risks for the well-established risk factors such as late first birth, high
income or family history of BC, is only about 41% (Madigan et al. 1995). Due to the crucial
role of long-term high levels of estrogens in the etiology of BC (Key et al. 2002), the potential
contribution to carcinogenesis of long-term storage of xenobiotics with estrogenic properties
aroused public concern some decades ago . In this regard, it has been shown that incidence rates
for ER+ tumors are increasing, despite the global decrease of BC incidence (Ma and Jemal
2013).

Experimental studies revealed increased breast tumor growth and metastasis (Zou and
Matsumura 2003; Wong and Matsumura 2007; Garcia et al. 2010; Pontillo et al. 2013; Pestana
et al. 2015), and increased angiogenesis (Pontillo et al. 2015) in cancer cell lines and in vivo
models after exposure to POPs. In addition, there is growing evidence that suggests that these
chemicals may also cause cancer via other mechanisms of action, including disruption of the
epigenomic landscape (Knower et al. 2014), the induction of enzymes that produce genotoxic
intermediates and DNA adducts (Yafiez et al. 2004), and an increase in reactive oxygen and
nitrogen species through the induction of cytochrome P450 or mitochondrial changes
(Khodarahmi and Azadbakht 2014). In general terms, these experimental studies have revealed
that the breast is particularly sensitive to carcinogenic insult during morphogenesis and

remodelling [reviewed in: (Fenton 2006)].

In line with this carcinogenic hypothesis for POPs, numerous epidemiologic investigations have
been conducted over the last decade but efforts to show associations between the body burden
of individual organochlorines and BC have yielded contradictory results. Some studies have
showed a strong positive association (Falck Jr et al. 1991; Wolff et al. 1993; Djordjevic et al.
1994; Romieu et al. 2000; Boada et al. 2012; Cohn et al. 2015) while others showed no

association [reviewed in: (Snedeker 2001)] but suggested that POPs may contribute to a worse
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prognosis. Several factors have been described to explain these discrepancies such as the study
design or the target population used, with highly varied historical and current exposure levels to
POPs, different ethnicities, age groups and dietary patterns. In addition to that, the biological
sample used for the assessment of the POP burden has also been postulated as a potential
confounding factor during the evaluation of the role of EDCs in BC risk. In this respect, as we
already mentioned, AT is the primary long-term repository for POPs in the body, whereas
serum burden is affected by (1) the steady-state partitioning between AT and serum, and (2)
current exposure from air and diet (Crinnion 2009). The limited statistical power is another
potential confounding factor that may preclude us to find more consistent data. In this regard,
the pooled analysis of prospective studies linking organochlorine and BC could rely on only a
few thousand women with BC and some thousands of healthy women. In contrast, the number
of women included to demonstrate the association between BC and other factors such as
hormone replacement therapy exceeded 150.000 women (Collaborative Group on Hormonal
Factors in Breast Cancer 1997). Therefore, in view of the limited statistical power of the studies
that assess the role of POPs in BC, Kortenkamp A. (2006) reported that it is not very likely that
the contribution of an individual factor to BC could be demonstrated. However, this does not
prove absence of risks and the conclusion that can be drawn is that the data published so far are

inconclusive.

Another relevant confounding factor is the measurements of individual chemicals. In this
regard, it has been highlighted that the development of biomarkers that integrate the effects of
multiple exposures on the same biological pathway should be a priority for future research
(Rudel et al. 2014). It is assumed that the biological effects exerted by environmental
contaminants on human tissues, taken individually, clearly differ from the effects exerted by
combinations or mixtures of contaminants. However, as mentioned before, most studies about
environmental contaminants and BC risk focus on single-chemicals. It is obvious that EDCs do
not act in isolation, but also there is a multitude of chemicals that share similar features and
whose contribution to the internal xenoestrogenic burden cannot be ignored (Kortenkamp
2006). Complex interactions between chemicals, endogenous or exogenous hormones, and their
natural ligands and receptors may alter the homeostasis of the estrogenic environment of breast
tissue, leading to malignant transformation (Boada et al. 2012). Moreover, it has been reported
that mixtures of EDCs at levels below their individual no-observed-effect level caused
significant xenoestrogenic activities in the E-SCREEN assay (Silva et al. 2002) or in the rat
uterotrophic assay (Tinwell and Ashby 2004). In this regard, it has been published that effects
exerted by individual POPs on the viability of the human mammary epithelial cells (HMEC)
clearly differed from those exerted by POP mixtures (at AT concentrations), inducing a strong

upregulation of genes involved in cellular transformation (Valerdn et al. 2009). Similar results
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were obtained by Aube M et al. (2011) in MCF-7 BC cell line, showing that low concentrations
of a mixture of DDT analogues, aldrin, dieldrin, B-HCH and toxaphene increased the
proliferation of MCF-7 cells.

In addition to in vitro data, population-based evidence on the role of POP mixtures in relation to
BC is still scarce with only two studies available (Ibarluzea et al. 2004; Boada et al. 2012). Both
epidemiological studies have revealed the importance of mixtures of chemicals rather than the
single chemicals. In a recent study carried out in the Canary Islands (Spain), Boada et al. (2012)
identified different profiles of organochlorine pesticide mixtures in healthy women and in those
who have developed BC, and found that the mixture of aldrin / p,p -DDE / p,p’-DDD may play
a relevant role in BC development. They also reported that the POP mixtures identified in BC
patients exerted an anti-androgenic effect in addition to the observed estrogenic activity and
effect on cell viability (Rivero et al. 2015). However, the main effect of POPs on BC seems to
be due to their proven estrogenic effect. In this regard, our research group has demonstrated that
the total effective xenoestrogen burden (TEXB-alpha) measured in the AT was positively
associated with the risk of BC in a hospital-based case-control study conducted between 1996
and 1998 in Southern Spain (Ibarluzea et al. 2004). This study included 198 newly diagnosed
breast cancer patients and 260 controls matched by age and hospital that were recruited from
women undergoing non-cancer-related surgery. Although we were unable to detect a
statistically significant relationship between cancer risk and TEXB-alpha in the study
population as a whole, stratified analysis by BMI index allowed us to find that in leaner women
(BMI < median), those with highest levels of estradiol equivalent in the alpha-fraction (>197.51
pMEedg/g lipid; fourth quartile) had a 2.4-fold significantly greater risk of BC than those with
the lowest levels (<0.25 pMEeq/g lipid; first quartile). When the estrogenicity of the beta-
fraction was included in the model, the leaner women with the highest levels in the alpha-
fraction showed an even greater risk (OR: 3.42; 95% CIl1.22-9.59). Among the leaner
postmenopausal women, the risk for those in the highest tertile of TEXB-alpha increased to 5.67
(95% CI 1.59-20.21) (Ibarluzea et al. 2004). Moreover, TEXB-alpha levels were positively
associated with age, family history of BC, lactation experience and smoking. This shows that
this biomarker of combined effect takes into account environmental, dietary, lifestyle, genetic
and reproductive factors, which are not systematically measured across studies (Fernandez et al.
2007b). However, although TEXB-alpha fraction includes organochlorine pesticides, PCBs and
halogenated bisphenols and alkylphenols, no correlation was found between the concentration
of any single chemical and the estrogenicity determined in the bioassay (Fernandez et al. 2004).
This may be due to the fact that the estrogenic effects depicted in the E-SCREEN bioassay are a
consequence of the combined effect of several organohalogens or that the proliferative effect is

due to other chemicals not measured.
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There is an intriguing plausibility and experimental evidence that support a potential role of
long-term exposure to low-doses of POPs in BC development. However, there are currently
more than 50 studies published on this issue, and a considerable body of epidemiological data
has reported no association between persistent EDC exposure (POPs) and higher risk of BC.
The discrepancies between studies may be the result of different methodological aspects,
including study designs, target populations, or exposure assessment. In this regard, serum is the
preferred matrix in most epidemiological studies because it can be easily sampled and in
sufficient amounts. In addition to this, it is commonly assumed that, under certain conditions of
equilibrium, serum POP burden is a good indicator of the POP concentrations stored in the AT.
However, it has been described that serum POP burden can be affected by changes in fat
metabolism and by current exposures from air and diet. Therefore, assessment of the biological
meaning of serum POP burden is paramount in the evaluation of BC risk, especially because BC
patients often present significant metabolic changes that may imbalance the steady-state

partitioning between AT and serum.

The majority of studies carried out in Europe and US found little or no association between
POPs and BC, supporting the dominant view that these EDCs are not causally related to BC.
Despite the fact that the number of studies addressing the link between exposure to POPs and
BC risk in developing countries is still very limited, most of them have found positive
associations between some POPs and BC risk, for example in India and Mexico. Interestingly,
the level of human exposure to POPs is higher in the developing world than in developed
countries. Therefore, it would be interesting to investigate the magnitude of the exposure to
EDCs and their role in BC risk in women from Tunisia, one of the most developed African
countries with a recent use of OCPs in agriculture practices and a similar level of use of IT-
devices to European and American countries with the generation of large amounts of electronic
waste. In addition to that, available information regarding human exposure to non-persistent

EDCs, including BPA, BP-3 or parabens, in that country is even scarcer.

Today, it is generally accepted that the hormone-disrupting potential exerted by individual
chemicals differ from the effects resulting from combinations or mixtures of chemicals. In fact,
complex mixtures of chemicals showed null effect when the chemicals were tested individually
for hormonal activity at the concentration found in blood or AT, but the mixtures showed
significant xenoestrogenic activity in the appropriate bioassays. In this respect, our research
group demonstrated that the total effective xenoestrogen burden (TEXB-a) measured in the
extract of AT obtained from BC patients was positively associated with the risk of BC.
Unfortunately, difficulties associated to the invasive procedures required to isolate AT
hampered further studies to corroborate our findings. Nevertheless, it seems clear that new

epidemiological studies focused in the assessment of a few POPs and their contribution to risk
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of BC should be based on new tools able to assess the combined contribution of the internal
burden of EDCs. Therefore, in order to corroborate our previous findings by using a more
accessible matrix and a biomarker of combined effect, we hypothesize that the TEXB assessed
in chemical extracts from serum may also be of utility for exposure assessment in a case control

study investigating the risk of BC.

Hence, the main hypothesis of this PhD thesis is:

Breast cancer disease, closely linked to the levels of circulating endogenous estrogens, may
also be related to the levels of circulating xenoestrogens. In the exposure assessment
process of BC patients, the information provided by serum POP concentrations in
comparison with the well-established AT levels, as the preferable biomarker of long-term
exposure, may have a different biological meaning. Finally, the target population in which
the association of POP exposure and breast carcinogenesis is explored may also have an

impact on the strength of such association.

The specific objectives set out in this PhD thesis are to:

1. Assess the differences between the biological meaning of the two most widely used
biological matrices —AT and serum- in the study of the role of POPs in BC pathogenesis, as well
as to identify potential modifiers of serum POP burden in relation to those affecting the AT

burden in a cohort of newly diagnosed BC patients.

2. Evaluate the magnitude of the exposure to persistent and non-persistent EDCs and identify

predictors of the exposure in a subset of healthy women from Tunisia.

3. Estimate the association between levels of single POPs and the risk of BC in a Tunisian

population.

4. Investigate whether the combined effect of xenoestrogens circulating in the blood is

associated with the risk of BC in a population-based multicase-control study in Spain
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6.1 Study population

Obijective 1 was addressed using a cross-sectional study. A total of 103 newly diagnosed BC
patients were recruited at San Cecilio University Hospital in the city of Granada (Southern
Spain) between January 2012 and June 2014. Out of 204 eligible patients with newly diagnosed
BC, 33 (16.2%) refused to participate in this study. Among the remaining 171 participants, 68
(39.8%) were excluded due to an inadequate biological sample volume. Therefore, the final
study population comprised 103 BC patients. No statistically significant differences in age,
BMI, educational level, or histopathological grade were found between included and excluded
volunteers. All patients signed their informed consent to participate in the study, which was
approved by the Ethics Committee of Granada (Comité de Etica de la Investigacion Biomédica
de la Provincia de Granada)

Objective number 2 was explored using a subset of healthy Tunisian women at either the Salah
Azaiz Hospital (Tunis state) or the Ariana Hospital (Ariana state) who were in those hospitals
for non-disease-related reasons (women accompanying patients, hospital staff or blood donors)
between May and October 2012. Out of the 77 women invited to participate as controls, 56
(70%) were finally enrolled in the study. Inclusion criteria were the following: age over 18
years, able to read and understand French, no alcohol consumption, absence of hormone-related
disease or cancer, no hormonal therapy, and residence in the study area for at least 10 years. All
women signed an informed consent form to participate in the study, which was approved by the
Ethics Committee of the corresponding hospital.

The association between levels of single POPs and the risk of BC in a “hot-spot” population
(objective number 3) was estimated in a case-control study carried out in Tunisia. The study
population was recruited between May and October 2012 from among patients attending the
two main specialist cancer centers in the country, Salah Azaiz Hospital and Ariana Hospital,
which are both in the Grand Tunis metropolitan area (Northern Tunisia). Cases were women
with BC admitted to hospital for mastectomy, tumorectomy (Salah Azaiz Hospital), or
chemotherapy (Cancer Center of Ariana). Out of the 96 eligible cases, 69 (72%) were finally
included and provided signed consent and a blood sample. Patients were included if they were
aged 18 years or over and able to give informed consent and complete a questionnaire and
excluded if they had a previous history of cancer or evidenced distant metastasis at diagnosis.
The subset of healthy Tunisian women from the objective number 2 served as control group.
Biological samples were collected before surgery or chemotherapy. No significant differences
were found between included and excluded participants in age, marital status, or occupational
class. All participants signed their informed consent to participate in the study, which was

approved by the ethics committees of the hospitals.
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Finally, the objective number 4 was tackled as part of a wider research project designed to
identify environmental, personal, and genetic factors related to five common cancers, including
breast, prostate, colorectal, stomach, and chronic lymphocytic leukemia. MCC-Spain
(http://www.mccspain.org) is a population-based multicase-control study conducted in 12
Spanish provinces between 2008 and 2013 (Figure 5). The study recruited 6,082 histologically
confirmed incident cancer cases aged 2085 years, including 1,750 BCs, 1,115 prostate cancers,
2,171 colorectal cancers, 492 gastro-oesophageal cancers, and 554 cases of leukemia, as well as
a single set of 4,101 population-based controls frequency matched to cases by province, sex,
and 5-year age interval. The overall response rates were 70% among cases and 53% among
controls.  All  participants completed computer-assisted personal interviews on
sociodemographic factors, self-reported anthropometric data, lifestyle, reproductive history,
hormonal factors, medications, and personal and family medical history. Blood samples were
collected from 76% of participants. The study was approved by the ethics committees of the
participating institutions. Written informed consent was obtained from each participant. For this
study, we randomly selected 204 BC cases among those who agreed to donate blood samples in
the provinces of Madrid, Barcelona, Navarra, and Cantabria and female controls frequency-

matched to cases by province, 5-year age interval, and 2-unit category of BMI.
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Figure 5. Multi-case-control study (MCC-Spain). Participating institutions in this multi-
center study (mccspain.org).
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6.2 Covariates

Socio-demographic data, including age, residence, occupation, and educational level, were
gathered from a questionnaire completed by each participant before surgery in a face-to-face
interview with a trained interviewer during the hospital stay. The height and weight of the
participants were recorded, calculating their BMI as weight/height squared (kg/m?). In the
studies conducted in Tunisia, participants were grouped according to their place of residence
into women living in Northern Tunisia and women living in Southern Tunisia. The division line

passed through the provinces of Sousse, Kairouan and Kasserine.

Clinical and reproductive data was also gathered from the clinical records of the hospital. The
number of pregnancies was recorded as a discrete variable (multiparous/nulliparous).
Accumulated breastfeeding time (months) were recorded as a continuous variable. Age of
menarche was also recorded. Menopausal status and hormone replacement status were

considered as dichotomous variables (pre/post; yes/no, respectively).

A dietary section was also included in the studies carried out in Tunisia. Information regarding
consumption habits and frequencies of main food groups (meat, milk, dairy products, vegetables
and cereals) was recorded. Since bread is eaten on a daily basis in our population, questions

regarding cereal consumption only referred to pasta, rice and couscous consumption.
6.3 Sample extraction

Approximately 10 g of breast AT and 10 mL of blood were collected during surgery under
fasting conditions. Blood samples were immediately centrifuged for 5 min at 2500 rpm and 4°C
to separate the serum. Both serum and AT samples were immediately coded and stored at —80 °

C until chemical analysis.

A chemical extraction procedure was performed to isolate the selected POPs from the AT and
serum samples. Briefly, 150-200 mg of AT were extracted using n-hexane, and the solution was
then purified through 200 mg alumina in a glass column, as previously described (Martinez-
Vidal et al. 2002; Moreno-Frias et al. 2004). Depending on the study, two or three milliliters of
serum were extracted with methanol and hexane/ethyl ether (1:1 v/v), resuspended in n-hexane,
and passed through a Bond Elut-PCB cartridge previously conditioned with 1.5 mL hexane

(Turci et al. 2010). For both matrices, p,p”-dichlorobenzophenone was used as internal standard.

Dried AT and serum extracts were fractionated by HPLC and reconstituted in 200 pL hexane, as
described elsewhere (Rivas et al. 2001). This semipreparative HPLC method was developed to

efficiently separate organohalogenated lipophilic xenoestrogens (alpha fraction) from
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endogenous hormones and more polar xenoestrogens (beta fraction) with a high recovery rate,

using a normal-phase column that separated compounds according to their polarity.

Exposure assessment to BPA, parabens and benzophenones was performed in single spot urine
samples collected in polypropylene containers pretested to ensure that they did not contain or
leach any of the compounds under study. All urine samples were frozen at -20 °C until they
were shipped on dry ice (-70 °C) to San Cecilio University Hospital, in Granada (Spain), where
they were analyzed. The applied methodology for the analysis of BPA, parabens (MP, EP, PP
and BP) and BP-type UV filters (BP-1, BP-2, BP-3, BP-6, BP-8 and 4-OH-BP) was performed
by dispersive liquid-liquid microextraction (DLLME) and ultra-high performance liquid
chromatography with tandem mass spectrometry detection (UHPLC-MS/MS), as described in a
previous study (Vela-Soria et al. 2014) with slight modifications.

6.4 Quantification of the total effective xenoestrogen burden and chemical analysis

After HPLC fractionation, duplicated dry alpha and beta HPLC fractions were resuspended in
phenol red-free medium, supplemented with 2.5 mL of charcoal-dextran fetal bovine serum, and
tested in the E-Screen bioassay for estrogenicity (Soto et al. 1994). The combined estrogenic
activity of each fraction was analyzed from its proliferative effect on MCF-7 human BC cells.
Each sample was assayed in triplicate with negative (steroid-free) and positive (estradiol-
treated) controls in each culture plate. The proliferative effects of alpha and beta fractions were
calculated as the difference in MCF-7 cell proliferation between the fraction extract and the
steroid-free control, divided by the highest difference in proliferation between the estradiol-
treated and steroid-free control cells. These relative proliferative effects were transformed into
estradiol equivalent units by reading from a sigmoidal dose-response curve prepared with
estradiol at concentrations of 0.1-1000 pM, and they were expressed as TEXB values of alpha
(TEXB-a) and beta (TEXB-p) fractions in Eeq picomolar per milliliter of serum (Fernandez et
al. 2004). Thus, TEXB-a can be regarded as a biomarker of the combined estrogenic effect of
mixtures of organohalogenated lipophilic xenoestrogens, whereas TEXB-f3 represents the

combined estrogenic activity of endogenous hormones and more polar xenoestrogens.

Residues of p,p’-DDE, HCB, PCBs (congeners -138, -153, and -180), B-HCH, a-endosulfan,
endosulfan ether, heptachlor and oxychlordane were quantified by high-resolution gas
chromatography with micro-electron capture detection, using a VARIAN CP-3800
chromatograph equipped with an electron capture 63Ni detector (GC-ECD, Walnut Creek, CA,
us).

Procedural laboratory blanks with solvents alone were tested and always yielded a negative

result. Laboratory fortified matrix samples at different concentrations were used for quality
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control. Inter- and intra-day variabilities were calculated by analyzing fortified samples within
the same day (repeatability) and on different days (intermediate precision), respectively, always
yielding values < 20%. Recovery of the POPs from serum was studied to assess the extraction
efficiency of the method, spiking 10 blank samples with target analytes at an intermediate point
on the calibration curve and processing them as described above; recovery rates ranged from 90
to 98%.

6.5 Determination of lipid content

Total lipid content was quantified gravimetrically in AT samples using a previously reported
method (Rivas et al. 2001) consisting of a homogenization step of 150-200 mg AT with 5 mL
of chloroform: methanol: hydrochloric acid (20:10:0.1) and acidification with 0.1 N
hydrochloric acid before collecting and weighing the organic phase. For serum samples, total
cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and triglyceride
concentrations were enzymatically quantified in 10 pL of serum from each participant, and the
total lipid content was calculated using the short formula of Phillips et al. (1989). POP
concentrations were expressed on both wet basis (ng/g AT or ng/mL serum) and lipid basis
(ng/g lipid, in both matrices).

6.6 Limits of detection

The limit of detection (LOD) for TEXB-a and TEXB-f was 0.1 Eeq pM/mL, which
corresponded to the minimum concentration needed to produce a significantly different
proliferative effect from that observed in steroid-free control cells. For 6.3% and 3.7% of
participants with TEXB-a and TEXB-B determinations below the LOD, a level equal to the
LOD divided by the square root of 2 was imputed. TEXB-a and TEXB-f levels could not be
determined in 44.2% and 35.1% of serum samples, respectively, because MCF-7 cells treated
with their extracts grew less than steroid-free control cells, which hampered reading the

proliferative effect in the estradiol dose-response curve.

The LOD for the levels of the residues obtained in the chemical analyses was determined as the
smallest amount of the analyte that gave a signal-to-noise ratio > 3, and was set at 0.05 ng/mL
for each POP analyte and 0.2 ng/mL for each npEDC compounds. Concentrations below the
LOD were assigned a random value between zero and the LOD, which was calculated using the
random numbers function of SPSS. The multivariable analyses were repeated twice, considering
concentrations <LOD as one half of the LOD or as the square root of one half of the LOD,

finding no discrepancy with the associations reported.
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6.7 Statistical analyses

Variables were described using means, standard deviations and medians and 25th — 75th
percentiles (quantitative variables), and frequencies (categorical variables). Because ANOVA
assumptions were not always fulfilled, the Mann-Whitney U-test was used to compare
continuous variables and Fisher's exact test for categorical variables between characteristics of
non-participants and participants, where appropriate. The Mann Whitney U-test and Fisher’s
exact test were applied to assess differences between characteristics of non-participants and
participants. Both wet-and lipid-basis AT:serum ratios were calculated by dividing each AT
concentration by each serum concentration. Spearman's test was used to evaluate linear
monotonic correlations between different POPs in the same matrix and between the same POPs
in the two different matrices.

Potential predictors of log-transformed POP concentrations in serum and AT were assessed
using bivariate and multivariate linear regression analyses. First, we created bivariate models
with each potential predictor of POP concentrations, and the associations were then verified in
multivariate models, using a backward stepwise selection technique. Once the models were
created, the collinearity between independent variables, linearity of quantitative independent
variables, and homoscedasticity were assessed for the model diagnostics. Given the log-
transformation of POP concentrations,  coefficients are also presented as exp(p). Models in the
first objective were tested in two different scenarios: a) expressing POP concentrations on wet
basis with adjustment for total serum lipids; and b) expressing POP concentrations on lipid basis
without adjustment for total serum lipids. There were no relevant differences between the
multivariate models in the associations found; therefore, only the results for wet-basis

concentrations are reported in the tables.

The relationship between POP serum levels and BC risk was assessed by using unconditional
logistic regression analyses, entering POP concentrations as continuous variables. In addition,
the associations found were further explored by entering POP concentrations in the models as
tertiles, with the exception of B-HCH and a-endosulfan, which were entered as dichotomous
variables (<LOD/ >LOD) because of the low frequency of their detection. Bivariate models
with individual POP concentrations as independent variable were created and then adjusted for
variables whose inclusion produced changes of 10% in beta coefficients and for those described
as relevant factors in the literature. Finally, a single adjusted model was created that included all
covariates and POP concentrations significantly associated with BC risk in the previous
adjusted models, i.e., B-HCH, heptachlor, and p,p -DDE. Odds ratios (ORs) for the risk of BC
with their corresponding 95% confidence intervals (95% Cls) were calculated and trends were

evaluated with Mantel-Haenszel's chi-square test for linear trend. Wet-basis concentrations
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were all entered as ng/mL with the exception of p,p’-DDE (ng/dL), while lipid-basis
concentrations were all entered as mg/g lipid with the exception of p,p’-DDE (ng/g lipid). We
considered that POP concentrations were significantly associated with the risk of BC when the
95% Cls of the OR in the adjusted models did not overlap the null value (1).

Associations between serum TEXB levels and the risk of BC were explored by using logistic
regression models. Participants were grouped into tertiles of serum TEXB-a and TEXB-f levels
based on their distributions among controls. Odds ratios for BC and 95% Cls comparing the
second and third tertiles with the first tertile of serum TEXB-a and TEXB-f were estimated
using logistic regression models. We also estimated the OR for women with undetermined
estrogenicity in the bioassay compared with all other women with determined estrogenicity.
Tests for linear risk trend across serum TEXB-o and TEXB-B tertiles were performed by
including an ordinal variable with the median level of each tertile among controls in logistic
regression models. To further explore the shape of the dose-response relations of serum TEXB-
a and TEXB-B levels with BC risk, we used restricted quadratic splines for log-transformed
TEXB-a and TEXB-f levels with knots at the 10th, 50th, and 95th percentiles of their control
distributions (the first knot was set at the 10th percentile to exceed levels below the limit of
detection) (Greenland 1995). We also estimated odds ratios for BC comparing tertiles of
specific organohalogenated compounds (PCB-138, PCB-153, PCB-180, HCB, and p,p'-DDE)
based on their control distributions. Logistic regression models were fitted with increasing
degrees of adjustment. The first model adjusted for variables used in frequency matching, such
as province (Madrid, Barcelona, Navarra, or Cantabria), age (continuous), and BMlI
(continuous), as well as for education level (primary or less, high school, or college) and serum
total lipid levels (continuous). The second model further adjusted for BC risk factors, including
smoking status (never, former, or current), number of births (nulliparous, 1-2, or >3), age at
first birth (continuous), menopausal status (premenopausal or postmenopausal), use of hormone
replacement therapy (never or ever), previous breast biopsy (no or yes), and family history of
BC (no, second-degree relative, or first-degree relative). Finally, the third model mutually
adjusted serum TEXB-a and TEXB-B levels for each other. Effect modifications were
contrasted by including interaction terms of serum TEXB-o and TEXB-J tertiles with each of

the above covariates in logistic regression models.

The significance level was set at p=0.05. Analyses were performed using Stata, version 13.1
(Stata Corp., College Station, Texas); R statistical computing environment, version 2.15 and 3.0
(R Foundation for Statistical Computing, Vienna, Austria); and SPSS 20.0 (IBM, Chicago, IL).
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7.1. Objective 1. Assess the differences between the biological meanings of the two most
widely used biological matrices —adipose tissue and serum- in the study of the role of POPs in
breast cancer pathogenesis, as well as to identify potential modifiers of serum POP burden in
relation to those affecting the adipose tissue burden in a cohort of newly diagnosed breast

cancer patients.

SERUM AND ADIPOSE TISSUE AS MATRICES FOR ASSESSMENT OF EXPOSURE
TO PERSISTENT ORGANIC POLLUTANTS IN BREAST CANCER PATIENTS

Artacho-Cordén F, Fernandez-Rodriguez M, Garde C, Salamanca E, Iribarne-Duran LM,

Torné P, Expésito J, Papay-Ramirez L, Fernandez MF, Olea N, Arrebola JP
Environmental Research; Impact factor 4.373; 1% Quartile; 1% Decile

ABSTRACT

The aim of this study was to assess differences between two biological matrices (serum and
breast adipose tissue) in the evaluation of persistent organic pollutant (POP) exposure in breast
cancer patients. The study population consisted of 103 women undergoing surgery for newly
diagnosed breast carcinoma in a public hospital in Granada, Southern Spain. Independent
variables were gathered from questionnaires and clinical records. POP concentrations were
guantified in breast adipose tissue and serum samples. Spearman correlation tests were
performed between pairs of POP concentrations and stepwise multivariate linear regression
analyses were conducted to assess predictors of concentrations in the two matrices. p,p’-DDE
showed the highest median concentration in both matrices (194.34 and 173.84 ng/g lipid in
adipose tissue and serum, respectively). Median wet-basis adipose tissue:serum ratios ranged
from 109.34 to 651.62, while lipid-basis ratios ranged from 0.88 to 4.34. In general, we found
significant positive correlation coefficients between pairs of POPs in adipose tissue and in
serum, which were always higher in adipose tissue. We found positive and statistically
significant correlations between serum and adipose tissue concentrations of p,p"-DDE and HCB
but not of PCBs. Age was positively associated with most POPs in adipose tissue and serum,
while the BMI was positively associated with adipose tissue HCB concentrations and negatively
associated with serum PCB-153 and PCB-138 concentrations. Recent weight loss was inversely
associated with POP residues in adipose tissue and positively associated with POP residues in
serum. Serum HCB and PCB-180 concentrations were lower in patients who had received
preoperative chemotherapy. According to our results, serum and adipose tissue POP
concentrations in breast cancer patients may be differentially affected by external predictors.
Taken together, these findings indicate the need to take account of the individual POP(s) under
study and the biological matrix used when relating internal POP exposure to breast cancer

disease and to make a careful selection of covariates for adjusting the model.
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ranged from 0.88 to 4.34. In general, we found significant positive correlation coefficients between pairs
of POPs in adipose tissue and in serum, which were always higher in adipose tissue. We found positive
and statistically significant correlations between serum and adipose tissue concentrations of p,p'-DDE
and hexachlorobenzene (HCB) but not of polychlorinated biphe nyls (PCBs). Age was positively associated
with most POPs in adipose tissue and serum, while the body mass index was positively associated with
adipose tissue HCB concentrations and negatively associated with serum PCB-153 and PCB-138 con-
centrations. Recent weight loss was inversely associated with POP residues in adipose tissue and posi-
tively associated with POP residues in serum. Serum HCB and PCB-180 concentrations were lower in
patients who had received preoperative chemotherapy. According to our results, serum and adipose
tissue POP concentrations in breast cancer patients may be differentially affected by external predictors.
Taken together, these findings indicate the need to take account of the individual POP{s) under study and
the biological matrix used when relating internal POP exposure to breast cancer disease and to make a
careful selection of covariates for adjusting the model
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1. Introduction its  metabolites (notably, p,p'-dichlorodiphenyldichloroethylene
|p,p-DDE]), hexachlorobenzene (HCB), and polychlorinated biphenyls

Persistent organic pollutants (POPs) are a wide group of hightly li-
pophilic environmental pollutants that tend to accumulate and bio-
magnify in the food chain, resulting in the considerable exposure
of living organisms (UNEF, 2003). POPs indude organochlorine pesti-
cides (OCPs), such as dichlorodiphenyltrichloroethane (DDT) and
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(PCBs), among others. While DDT and HCB were primarily commer-
clalized for vector control and agricultural purposes, PCBs were mainly
used as fluid insulators in electrical transformers and capacitors. Since
the early 1970s, most countries have banned or severely restricted the
production, handling, and disposal of most POPs. This is due to their
high environmental persistence and their proven or suspected adverse
human health effects at doses traditionally considered safe, incuding
reproductive disorders, endocrine disruption, and cardnogenicity (Ar-
rebola et al, 2013; Bonefeld-Jorgensen, 2010; Femandez et al., 2007a,
2007b; Gasull et al,, 2010; Kriiger et al, 2012; Lee et al, 2014).
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Despite their prohibition, POPs are still commonly detected in
air, water and soil, among other environmental media (Syed et al,,
2013). Besides respiratory and dermal routes, diet is believed to be
the main route of exposure to POPs in the general population
(Gasull et al, 2010). Due to their lipophilicity, POPs tend to
bioaccumulate in fat components, and adipose tissue is therefore
acknowledged to be the main deposit of these contaminants, ac-
counting for all routes and sources of exposure and representing a
stable and long-term reservoir of these compounds (Kohlmeier
and Kohlmeier, 1995).

Hormone homeostasis is crucial in diseases related to the en-
docrine system, including the majority of breast cancers. Thus,
estrogen signaling and the estrogen receptor (ER) have been im-
plicated in breast cancer progression, and most human breast
cancers start out as estrogen dependent (Saha Roy and Vadlamudi,
2011). In fact, ER-alpha antagonism is widely used in the treatment
of ER-alpha-positive breast cancer patients. In this regard, some in
vitro studies have revealed that exposure to some POPs can in-
teract with ERs and cause estrogen-related effects, such as breast
cancer cell proliferation. The suspected mechanisms of action have
not been fully elucidated, but in vitro studies have shown that
numerous POPs can interact with estrogen and/or androgen re-
ceptors, exerting significant effects at very low doses (Andersen
et al., 2002; Bonefeld-Jergensen et al., 2001; Griinfeld and Bone-
feld-Jorgensen, 2004; Soto et al, 1994). In fact, the estrogenic
potency of most POPs is approximately six orders of magnitude
lower than of estradiol (Soto et al, 1994). Nevertheless, some
epidemiological evidence has emerged on the potential role of POP
exposure in the etiology of breast cancer, with a wide range of
studies reporting positive associations (Aronson et al, 2000; Ar-
rebola et al, 2015, 2014a; Boada et al,, 2012; Bonefeld-Jorgensen
et al., 2011; Bonefeld-Jergensen et al., 2014; Ibarluzea et al., 2004),
although others found no or even negative associations (Gatto
et al., 2007; Itoh et al., 2009; Xu et al., 2010). Key differences
among these studies include not only the study design and target
population but also the biological matrix used to estimate the
exposure, with serum and adipose tissue being the most frequent.

Whereas it is viable to obtain breast adipose tissue from pa-
tients undergoing surgery, the difficulties in obtaining these
samples from other populations means that blood serum has more
frequently been used as a matrix for exposure assessment of the
general population. However, although many authors have found a
high correlation between POP concentrations in serum and adi-
pose tissue (Lopez-Carrillo et al., 1999; Pauwels et al., 2000; Wa-
liszewski et al., 2004; Whitcomb et al., 2005), it remains unclear
whether serum POP concentrations can accurately reflect the body
burden of these chemicals in all situations (Aronson et al., 2000;
Arrebola et al, 2012a; Mussalo-Rauhamaa, 1991; Rusiecki et al.,
2005; Wolff et al., 2000). In fact, it is possible that POP con-
centrations in the two matrices may be strongly correlated in
some cases but not in others, given that serum concentrations are
influenced not only by current exposure but also by the re-
circulation of POPs from adipose tissue due to lipolysis (Crinnion,
2009).

The steady-state partitioning of POPs between serum and
breast adipose tissue is an important consideration in attempts to
predict adipose tissue concentrations from those found in serum
(Rusiecki et al., 2005). Thus, it has been suggested that variations
in the lipid content of serum can induce changes in the parti-
tioning coefficient between adipose tissue and serum POP con-
centrations (Guo et al, 1987). In this regard, most chemotherapy
(QT) treatments are believed to reduce concentrations of serum
lipid fractions [e.g. triglycerides, total cholesterol and low density
lipoprotein (LDL)] in patients with breast cancer (Ray et al., 2001;
Shah et al., 2008). It is therefore of interest to assess whether the
serum POP concentrations of these patients can always predict the
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total body burden. Furthermore, given the widespread application
of neoadjuvant treatments in breast cancer, it is relevant to assess
whether they can act as confounders or effect modifiers in the
potential association between POPs and breast cancer risk.

The aim of this study was to assess differences between two
biological matrices (serum and breast adipose tissue) in the eva-
luation of POP exposure in breast cancer patients.

2. Material and methods
2.1. Study population

Breast cancer patients were recruited between January 2012
and June 2014 among newly diagnosed women at San Cecilio
University Hospital in the city of Granada (Southern Spain). Out of
204 eligible newly diagnosed breast cancer patients, 33 (16.2%)
refused to participate in this study. Among the remaining 171
participants, 68 (39.8%) were excluded due to an inadequate bio-
logical sample volume. Therefore, the final study population
comprised 103 breast cancer patients. No statistically significant
differences in age, BMI, educational level, or histopathological
grade were found between included and excluded wolunteers
(data not shown in tables). All patients signed their informed
consent to participate in the study, which was approved by the
Ethics Committee of Granada “Comité de Etica de la Investigacién
Biomédica de la Provincia de Granada".

2.2, Independent variables

Socio-demographic data, including age, residence, occupation,
and educational level, were gathered from a questionnaire com-
pleted by each participant before surgery in a face-to-face inter-
view with a trained interviewer during the hospital stay. Ques-
tionnaires and research procedures were validated in a previous
study (Arrebola et al.,, 2009, 2010). The height and weight of the
participants were recorded, calculating their body mass index
(BMI) as weight/height squared (kg/m?). Residence in the city of
Granada or in its metropolitan area at the time of the surgery was
considered “urban” and residence in other towns/villages was
considered “rural”. Goldthorpe proposed the following occupa-
tional classes in Spain: [, managers of companies with =10 em-
ployees, senior technical staff, and free professionals; I, managers
of companies with < 10 employees and intermediate occupations;
Ill, administrative personnel, financial management support pro-
fessionals, self-employed professionals, supervisors of manual
workers, and other skilled non-manual workers; IV, skilled and
semi-skilled manual workers; and V, unskilled manual workers. A
sixth group is formed by those working mainly as homemakers
(Regidor, 2001). However, because of sample size limitations, we
grouped subjects in two categories: non manual (classes [4+11 +
IIl) and manual (classes IV + V + homemakers).

Clinical and reproductive data was also gathered from the
clinical records of the hospital. The number of pregnancies was
recorded as a discrete variable (multiparous/nulliparous). Accu-
mulated breastfeeding time (months) were recorded as a con-
tinuous variable. Age of menarche was also recorded. Menopausal
status and hormone replacement status were considered as di-
chotomous variables (pre/post; yes/no, respectively). Clinical data
also included information on the neoadjuvant tumor treatment
(yes/no), biological aggressiveness (G1/G2/G3), presence of estro-
gen receptors (negative/positive), tumor stage (0-1IB/INA-IIB/IV),
histopathological status (benign/malign), and molecular subtype
(Luminal A/Luminal B{Her+ [Triple Negative).

PhD thesis



Environmental exposure to hormone-mimicking chemicals and risk of hormone-dependent cancer

E Artacho-Cordén et al. / Envirenmental Research 142 (2015) 633-643 G35

2.3. Sampling and chemical analysis

Approximately 10 g of breast adipose tissue and 10 mL of blood
were collected during surgery under fasting conditions. Blood
samples were immediately centrifuged for 5 min at 2500 rpm and
4 °C to separate the serum. Both serum and adipose tissue samples
were immediately coded and stored at —80 °C until chemical
analysis.

A chemical extraction procedure was performed to isolate the
selected analytes from the adipose tissue and serum samples.
Briefly, 150-200 mg of adipose tissue was extracted using n-hex-
ane, and the solution was then purified through 200 mg alumina
in a glass column, as previously described (Martinez-Vidal et al.,
2002; Moreno-Frias et al., 2004). Two milliliters of serum were
extracted with methanol and hexane/ethyl ether (1:1 v/v), re-
suspended in n-hexane, and passed through a Bond Elut-PCB
cartridge previously conditioned with 1.5 mL hexane (Turci et al.,
2010). For both matrices, p,p’-dichlorobenzophenone was used as
internal standard.

Dried adipose tissue and serum extracts were fractionated by
high-performance liquid chromatography (HPLC) and recon-
stituted in 200 pL hexane, as described elsewhere (Rivas et al,
2001). Residues of p,p’-DDE, HCB and PCBs (congeners -138, -153,
and -180) were quantified by high-resolution gas chromatography
with micro-electron capture detection, using a VARIAN CP-3800
chromatograph equipped with an electron capture 63Ni detector
(GC-ECD, Walnut Creek, CA, US).

Procedural laboratory blanks with solvents alone were tested
and always yielded a negative result. Laboratory fortified matrix
samples at different concentrations were used for quality control.
Inter- and intra-day variabilities were calculated by analyzing
fortified samples within the same day (repeatability) and on dif-
ferent days (intermediate precision), respectively, always yielding
values < 20%. p,p'-dichlorobenzophencone was used as internal
standard. Recovery of the POPs from serum was studied to assess
the extraction efficiency of the method, spiking 10 blank samples
with target analytes at an intermediate point on the calibration
curve and processing them as described above; recovery rates
ranged from 90% to 98%. The limit of detection (LOD) was de-
termined as the smallest amount of the analyte that gave a signal-
to-noise ratio =3 and was set at 0.05ng/mL for each analyte.
Concentrations below the LOD were assigned a random wvalue
between zero and the LOD.

Concentrations below the LOD were assigned a random value
between zero and the LOD as recommended elsewhere (Antweiler
and Taylor, 2008), which was calculated using the random num-
bers function of SPSS. The multivariable analyses were repeated
twice, considering concentrations < LOD as one half of the LOD or
as the square root of one half of the LOD, finding no discrepancy
with the associations reported in the present manuscript (data not
shown in tables).

Total lipid content was quantified gravimetrically in adipose
tissue samples using a previously reported method (Rivas et al.,
2001) consisting of a homogenization step of 150-200 mg adipose
tissue with 5 mL of chloroform: methanol: hydrochloric acid
(20:10:0.1) and acidification with 0.1 N hydrochloric acid before
collecting and weighing the organic phase. For serum samples,
total cholesterol, high-density lipoprotein (HDL), low-density li-
poprotein (LDL), and triglyceride concentrations were en-
zymatically quantified in 10 pL of serum from each participant
using a Cobas 400 machine (Roche, Rotkreuz, Switzerland), and
the total lipid content was calculated using the short formula of
Phillips et al. (1989). POP concentrations were expressed on both
wet basis (ng/g adipose tissue or ng/mL serum) and lipid basis (ng/
g lipid, in both matrices). A double-blinded procedure was fol-
lowed so that neither the chemical analysts nor statistical staff
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knew the identity or characteristics of any study subject.
2.4. Statistical analysis

Variables were described using medians and 25th-75th per-
centiles. Because ANOVA assumptions were not always fulfilled,
the Mann-Whitney U-test was used to compare continuous vari-
ables and Fisher's exact test for categorical variables between
characteristics of non-participants and participants, where ap-
propriate. Both wet- and lipid-basis adipose tissue:serum ratios
were calculated by dividing each adipose tissue concentration by
each serum concentration Spearman's test was used to evaluate
monotonic correlations between different POPs in the same matrix
and between the same POPs in the two different matrices.

Potential predictors of log-transformed POP concentrations in
serum and adipose tissue were assessed using bivariate and
multivariable linear regression analyses. First, we created bivariate
models with each potential predictor of POP concentrations, and
the associations were then verified in multivariable models, using
a backward stepwise selection technique. Once the models were
created, the collinearity between independent variables, linearity
of quantitative independent variables, and homoscedasticity were
assessed for the model diagnostics. Given the log-transformation
of POP concentrations, /# coefficients are also presented as exp(f#).
Models were tested in two different scenarios: a) expressing POP
concentrations on wet basis with adjustment for total serum li-
pids; and b) expressing POP concentrations on lipid basis without
adjustment for total serum lipids. There were no relevant differ-
ences between the multivariable models in the associations found;
therefore, only the results for wet-basis concentrations are re-
ported in the tables. The significance level was set at p=0.05. R
statistical computing environment 3.0 (http://www.r-project.org/)
and SPSS Statistics 22.0 (IBM, Chicago, IL) were used for data
analyses.

3. Results
3.1. Characteristics of the study population

The main characteristics of the study population are summar-
ized in Table 1. The mean age ( + standard deviation [SD]) was 53.6
( 4+ 11.8) years. The majority of women (62.1%) were overweight/
obese (BMI = 25 kg/m?) at the time of their diagnosis according to
the World Health Organization classification (WHO, 2000), and 33
(32.0%) reported perceived weight loss during the year before the
surgery. Main causes of weight loss in our population included
psychological stress ( 18%), weight reduction diet (36%), and cancer
treatment (18%) (data not shown in tables). Out of the 103 women,
31 (30.1%) resided in an urban area and 58 (56.3%) held a uni-
versity degree, while 28 (27.2%) were classified as non-manual
workers and 75 (72.8%) as manual workers. Post-menopausal
status was reported by 42 women (40.8%), 90 patients (87.3%) had
at least one child, and the mean accumulated breastfeeding time
was 103 {4+ 12.9) months. Out of 103 women, 13 (12.6%) were
receiving hormonal replacement therapy and the mean age of
menarche in the study population was 12.0 ( + 1.5) years. Pre-
operative QT treatment had been received by 42 (40.8%) of the
women.

3.2. POP concentrations and lipid content in adipose tissue and
serum

POP detection frequencies, concentrations, and adipose tissue:

serum ratios are shown in Table 2, The detection frequency ranged
from 97.1% (PCB-180) to 100% (HCB and p,p'-DDE) in adipose tissue
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Table 1
Characteristics of the study population.

N (%) Mean (SD) Median P25-P75°
Age (year) 103 (100) 53.6(118) 51 470-62.0
BMI (kg/m?) 103 (100) 267 (44) 26.3 234-293
Underweight (BMI <185)  0(00)
Mormal range 41 (39.8) - - -
(18.5 < BMI = 25.0)
Overweight 40 (38.8) - - -
(25.0 < BMI < 30.0)
Obese (BMI = 30.0) 22 (21.4) - - -
Residence
Urban 31(301) - - -
Rural 72 (69.9) - - -
Educational level
University 58 (56.3) - - -
Secondary school 30(291) - - -
Up to primary school 15 (14.6) - - -
Occupational status
Non-manual (-1} 28(272) - - -
Manual (IV-V) 75(72.8) - - -
Occupational class
Homemakers 46 (447) - - -
Trade 14 (13.6) - - -
Agriculture 8(78) - - -
Civil service 8(78) - - -
Others 27 (26.2) - - -
Perceived weight loss” 33(32.00 - - -
Parity
Primiparous/multiparous 90 (874) - - -
Nulliparous 13 (12.6) - - -
Accumulated breastfeeding 103 (100) 103 (129) 6 1.25-12.0
time (months)*
Age of menarche (years) 103 (1000 123 (15) 12 11.0-140

Menopausal status
Premenopausal 42 (40.8) - - -
Postme nopausal 61 (59.2) - - -
Hormone replacement therapy 13 (12.6) - - -

Preoperative chemotherapy 42 (40.8) - - -
Tumor stage
0-1B 81(786) - - -
1A-TIB 17 (165) - - -
v 5(49) - - -
Histopathological grade
Benign 3(29) - - -
Malign 100 (971) - - -
Tumor molecular subtype
Luminal A 31(30a0) - - -
Luminal B 49 (47.6) - - -
Her + 9(87) - - -
Triple negative 14 (13.6) - - -
Biological aggressiveness
grade
G1 4G (447) - - -
G2 34 (3300 - - -
G3 23(223) - - -
Estrogen receptor
Negative 24(23.3) - - -
Positive 79 (7.7 - - -

SD: standard deviation; BMI: body mass index.

* 25th-75th percentiles.

" During the previous year.

“Includes all women. When considering breastfeeders alone, mean(SD) was
126 (132) months.

and from 65.0% (PCB-153) to 99.0% (p,p’-DDE) in serum. Among
the selected POPs, pp'-DDE showed the highest median con-
centration in both matrices (194.34 and 173.84 ng/g lipid in adi-
pose tissue and serum, respectively). Median values of wet-basis
adipose tissue:serum ratios ranged from 109.34 for p,p'-DDE to
651.62 for PCB-138, while lipid-basis ratios ranged from 0.88 for p,
p'-DDE to 4.34 for PCB-138. Distribution of POP levels grouped by
characteristics of the study population is shown in Supplementary
Table 1.
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Mean+ SD serum cholesterol, triglycerides, and total lipid
concentrations were 2.0+ 0.7, 1.0+ 06g/l, and 6.1 +1.3 g/l, re-
spectively (data not shown in tables). The mean lipid content in
adipose tissue was 77.9 4+ 10.1%. Lipid concentrations in adipose
tissue were lower in patients who received preoperative QT than
in those who did not (74.96 4+ 11.62 versus 79.93 4+ 8.93%, respec-
tively, p=0.029), but this difference was not statistically significant
in serum (5.81 4+ 1.19 versus 6.24 + 140 g/L, respectively, p=0.112).

Table 3 displays Spearman correlation coefficients between
pairs of POP concentrations in serum and adipose tissue. In gen-
eral, we found significant positive correlation coefficients between
pairs of POPs in adipose tissue and in serum, which were always
higher in adipose tissue. The inter-matrix correlations revealed
significant positive associations for HCB (r=0.85, p < 0.001) and p,
p'-DDE (r=0.63, p = 0.001). The strength of the correlation for p,p
'-DDE was lower in patients who received QT (r=046, p=0.08)
than in those who did not (r=0.83, p < 0.001). No significant inter-
matrix correlation was observed for any PCB congener in the
global analysis or after stratifying by QT treatment. Non-linear
associations were tested using quadratic and cubic splines, but no
association was found for any POP (data not shown in tables).
Correlation coefficients obtained when the POP burden was con-
sidered on wet basis were similar to those on lipid basis (data not
shown in tables).

3.3. Predictors of POP concentrations in serum and adipose tissue

Tables 4 and 5 exhibit the results of bivariate and multivariable
linear regression analyses of the predictors of adipose tissue and
serum concentrations. Additionally, Supplementary Tables 2 and 3
exhibit comparisons between the full model (including all cov-
ariates) and the final model for each POP in each matrix.

In regard to adipose tissue samples, age was positively asso-
ciated with the concentrations of every selected POP and BMI was
positively associated with HCB concentrations. Lower p,p’-DDE
concentrations were found in those who had a university degree
than in those who did not. Lower HCB, p,p’-DDE, PCB-138, and
PCB-153 concentrations were observed in those who reported
weight loss during the year before surgery versus those who did
not. HCB, PCB-138, and PCB-180 concentrations were inversely
associated with accumulated breastfeeding time. Age of menarche
and HCB concentrations were positively correlated. Finally, adi-
pose tissue PCB-153 concentrations were negatively associated
with the presence of estrogen receptors in the tumor (Tables 4 and
5).

In regard to serum POP concentrations, age was positively as-
sociated with concentrations of HCB, PCB-153, and PCB-180, ob-
serving a quadratic relationship with PCB-180. BMI was negatively
associated with PCB-153 and PCB-138 concentrations, observing a
quadratic relationship with the latter. HCB concentrations were
lower in those who had a university degree in comparison to those
whe did not and in non-manual versus manual workers. A similar
association was found between PCB-138 and occupational class.
Higher PCB-138 concentrations were observed in those who re-
ported weight loss during the year before surgery than in those
who did not. HB and PCB-153 concentrations were negatively
associated with accumulated breastfeeding time. Higher PCB-180
concentrations were found in post- versus pre-menopausal wo-
men. p,p’-DDE concentrations were negatively associated with the
degree of tumor aggressiveness in the multivariable model. Finally,
lower serum HCB and PCB-180 concentrations were observed in
patients who received preoperative QT than in those who did not
(Tables 4 and 5).

When log-transformed serum concentrations of each POP were
introduced into the adipose tissue models and vice-versa, serum
HCB and p,p’-DDE concentrations were positively associated with
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Table 2
Concentrations of selected POPs in serum and adipose tissue.
Adipose tissue Serum Adipose tissue:serum ratio
N(%) =LOD Mean SD Percentiles N(%) =LOD Mean SD Percentiles Percentiles
25th  50th  75th 25th  50th  75th  25th 50th 75th
HCB 103 {100) 91 (880)
Wet-basis” 11940 20649 1533 5673 15396 046 062 009 020 057 10824 23332 541,08
Lipid-basis 156,25 26344 1935 6738 19462 73.31 9254 1430 3959 8720 092 173 3.88
p,p’-DDE 103 {100) 102 (99.0)
Wel-basis 303.83 42107 6490 15620 356,29 260 463 038 119 2.81 54,02 109.38 46431
Lipid-basis 306.63 573.85 8526 19434 44486 43186 76150 6511 17384 52042 041 0.88 3.88
PCB-138 102 (99.0) 80 (77.7)
Wet-basis 88.66 10956 4041 6051 96.31 039 125 005 012 023 196.05  651.62 161076
Lipid-basis 11499 14333 5108 8084 12833 6609 21652 7.78 18,56 4036 116 434 9,20
PCB-153 102 {99.0) 67 (65.0)
Wel-basis 8037 8464 2434 5528 9030 021 048 =L0OD 010 018 22732 60593 159403
Lipid-basis 10211 10045 3439 7264 13730 3405 78.64 408 1830 2793 133 3.51 9,39
PCB-180 100 (97.1) 80 (77.7)
Wet-basis 4933 4892 1606 3273 6658 031 066 006 014 028 76.07 28098 62958
Lipid-basis 6299 59.60 1976 4471 8583 5378 11157 942 2336 4610 043 1.83 418
LOD: limit of detection; SD: standard deviation.
@ Serum wet-basis refers o ng/mL and adipose tissue wet-basis refers to nglg tissue,
Table 3
Correlation coefficients of adipose tissue versus serum concentration of selected POPs”.
HCB p.p"-DDE PCB-138 PCB-153 PCB-180 Y PCBs
Adipose tissue -
HCB -
p,p'-DDE 048 -
PCB-138 0.43° 074" -
PCB-153 0.66° 070" 075" -
PCB-180 0647 070" 077" 0977 - -
FPCBs 064" 075" 0.85" 098" 098" -
HCB p.p"-DDE PCB-138 PCB-153 PCB-180 Y PCBs
Serum -
HCB -
p,p’-DDE 037 -
PCB-138 027 0.607 -
PCB-153 025 065" 0597 -
PCB-180 0.26° 0597 058" 0.697 - -
FPCBs 028 071" 0.89" 078" 081" -
HCB p.p"-DDE PCB-138 PCB-153 PCB-180 Y PCBs
Adipose tissue versus serum
Total (N=103) 085" 0637 0,09 031 003 0.04
Preoperative chemotherapy =No (N=61) 074" 083 0.10 0.43 015 012
Preoperative chemotherapy =Yes (N=42) 092" 046 0.07 0.33 010 008

* Analyses were carried-out using lipid-basis concentrations.
p=01

" p =005,

T p=0.01

" p=0.001

adipose tissue concentrations and vice-versa, but serum con-
centrations of PCB congeners were not associated with their adi-
pose tissue concentrations (Supplementary Tables 4 and 5).

4. Discussion

The results of this study suggest that the serum burden might
be a proxy value for the historical exposure in breast cancer pa-
tients reflected by the adipose tissue burden of some POPs, but not
others. However, our study also identifies some variables that
should be taken into account in the adjustment of statistical
models in future studies on the effect of POPs on breast cancer
risk, such as recent weight loss and neoadjuvant chemotherapy.

In the present study, a significant and positive inter-matrix
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correlation was found for HCB and p,p’-DDE, as previously re-
ported (Archibeque-Engle et al., 1997; Arrebola et al., 2012a; Kanja
et al., 1992; Lopez-Carrillo et al,, 1999; Mussalo-Rauhamaa, 1991;
Pauwels et al,, 2000; Rusiecki et al., 2005; Stellman et al., 1998;
Whitcomb et al,, 2005), but not for the PCBs. Results of the few
studies on this issue in PCBs have been controversial, with some
researchers reporting strong and positive correlations (Archibe-
que-Engle et al.,, 1997; Lv et al., 2015; Mussalo-Rauhamaa, 1991;
Pauwels et al., 2000; Rusiecki et al,, 2005; Whitcomb et al., 2005)
but others finding weak or no correlations (Arrebola et al., 2012a;
Stellman et al., 1998). Interestingly, the present results are in
agreement with findings by our group in cancer-free adults from
Bolivia, i.e., a positive correlation between serum and adipose
tissue concentrations of organochlorine pesticides but not PCBs
(Arrebola et al., 2012a).
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Table 4
Predictors of log-transformed concentrations of selected POPs in adipose tissue and serum. Bivariate and multivariable linear regression analyses (1).

HCB*
Adipose tissue Serum
Bivariate analysis Multivariable analysis (R®=0.602) Bivariate analysis Multivariable analysis (R® =0.647)
exp (@) Cl(95%) exp CI(95%) exp () Cl(95%) exp CI(95%)
& ()
Total lipid content 101 0.99 104 1.00 098 1.02 1.21 104 142 1L.06 093 1.21
Age (years) 106 104 108 77 107 105 1.09 - 1.03 102 105 77 102 1m 1.04
Residence = urban® 115 0.60 220 - - - 0.75 048 117 - - -
Educational level =university” 056 031 10 - - - 0.47 032 071 0.54 037 0.79
Ocupational 117 059 230 - - - 1.73 110 232 1.54 1.02 232
class =manual + homemaker®
BMI 1 1.04 119 106 101 11 . 1.05 101 11 - - -
Perceived weight loss= yes? 065 034 123 060 039 0.93 ) 1.10 070 174 - - -
Preo perative 079 042 147 - - - 0.64 042 097 ° 0.56 039 0.79
chemotherapy = yes®
Parity =primiparous/ 059 033 236 - - - 0.88 045 174 - - -
multiparous’
Accumulated breastfeeding time 100 097 102 098 096 0.99 - 0.99 098 101 098 096 0.99
(months)
Age of menarche (years) 116 098 137 113 099 1.29 . 1.03 090 117
Menopausal status =yes® 271 265 278 ° - - - 1.79 120 268 - - -
Hormone replacement 143 065 315 - - - 1.23 066 230
therapy=yes"
Biological aggressiveness grade
G2 057 0.29 112 - - - 0.73 045 118 - - -
G3 047 021 104 - - - 0.64 038 110 - - -
Estrogen receptor= positive' 1.79 0.87 369 = = = 1.98 120 327 = = =
pp'-DDE*
Adipose tissue Serum
Bivariate analysis Multivariable analysis Bivariate analysis Multivariable analysis
(R*=0.106) (R?=0.271)
exp (#)  C1(95%) exp  C1(95%) exp (4) Cl (95%) exp  Cl(95%)
& ()
Total lipid content 1.00 098 103 1.00 098 1.02 118 099 141 - 1.21 099 1.48
Age (vears) 103 1M 105 7 103 100 1.05 ) 1.02 100 104 . - - -
Residence = urban® 081 047 139 - - - 077 047 128 - - -
Educational level =university” 058 035 093 ° 066 040 1.08 . 0.67 042 107 - - -
Ocupational 132 075 231 - - - 1.37 082 232 - - -
class =manual + homemaker®
BMI 101 0.9 107 - - - 1.01 096 1.07 - - -
Perceived weight loss= Yes! 030 041 120 060 036 1.00 : 142 0.86 234 - - -
Preoperative 110 0.65 184 - - - 0.83 052 133 - - -
chemotherapy = ves®
Parity =primiparous/ 1.04 0.87 124 - - - 110 049 247 - - -
multiparous’
Accumulated breastfeeding time 101 0.99 103 - - - 1.01 099 103 - - -
(months)
Age of menarche (years) 1.06 090 123 - - - 0.89 075 106 - - -
Menopausal status =yes* 133 081 218 - - - 145 091 231 - - -
Hormone replacement 070 035 142 - - - 0.76 034 169 - - -
therapy=yes"
Biological aggressiveness grade
G2 086 048 157 - - - 0.52 029 094 ° 0.52 029 0.94
G3 097 048 199 - - - 0.49 026 094 ° 049 026 0.94
Estrogen rece ptor= positive' 083 044 157 - - - 1.58 085 292 - - -

BMI= body mass index; n.i=not incuded.
* Models adjusted by total lipids.
* Ref. cat=rural.

b Ref. cat=up to primary school.
© Ref. cat=non-manual.
4 Ref. cat = no.
® Ref. cat=no.
"Ref cat=nulliparous.
# Ref. cat=no.
" Ref. cat=no.
| Ref, cat= negative,
p=01
:.p = 005,
p=0.01
- p=0001.
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Lipid-basis standardization of adipose tissue and serum POP
concentrations is the most widely-used approach and therefore
the most appropriate method for comparison with other studies.
In this regard, lipid-basis adipose tissue:serum ratios ranged from
1 to 4 in our study, similar to previous findings in cancer patients
(Lopez-Carrillo et al., 1999; Rusiecki et al., 2005) and medium-high
in comparison to ranges reported in non-cancer populations (Ar-
rebola et al., 2012a, 2012b; Mussalo-Rauhamaa, 1991; Patterson
et al., 1988; Whitcomb et al., 2005). Lépez-Carrillo et al. (1999)
compared the adipose tissue:serum p,p’-DDE ratio between wo-
men with breast cancer patients and those with benign breast
disease and concluded that breast cancer per se has little impact
on the adipose tissue:serum balance of the POP burden. Previous
research showed that pollutants with higher molecular weight
have higher 1-octanol-water partition coefficients in animal spe-
cies (Kanazawa, 1982). Therefore, it might be hypothesized that
molecular weight may also contribute to the partition coefficients
in humans. In this regard, it is plausible that heavier pollutants,
such as the three studied PCBs (molecular weight: 360-395 g/mol)
are more prone to accumulate in adipose tissue in comparison to
HCB or p,p'-DDE (molecular weights: 284.8 and 318.0 g/mol, re-
spectively). Indeed, in our study, adipose tissue PCBs showed
(1) lower inter-matrix linear correlation coefficients and (2) higher
lipid-adjusted levels of PCBs in comparison to serum concentra-
tions, and this was not observed for HCB or p,p’-DDE.

Among the predictors of the POP concentrations studied, we
observed a positive relationship between age and the concentra-
tion of most of the POPs in both serum and adipose tissue samples,
in concordance with the majority of previous studies ( Agudo et al.,
2009; Glynn et al, 2003; Ibarluzea et al., 2011; Laden et al., 1999;
Vaclavik et al., 2006). A greater POP accumulation is usually ex-
pected in older people due to their longer bioaccumulation and/or
because they were born in a more heavily polluted environment,
i.e., a cohort effect (Ahlborg et al., 1995).

The BMI was positively associated with adipose tissue HCB
concentrations but inversely associated with serum PCB (-138 and
-153) concentrations. Published results have not been consistent,
with reports of positive, inverse, and non-linear relationships be-
tween the BMI and POP concentrations, probably due to differ-
ences in study designs, target populations, and the POPs under
study (Arrebola et al., 2012c, 2014b; Brduner et al., 2012; Vaclavik
et al., 2006). BMI might act as a surrogate of dietary exposure,
given that participants with higher BMI values are more likely to
have a greater food intake and therefore an increased dietary POP
exposure, On the contrary, many POPs are also suspected of acting
as obesogens, i.e., capable of altering lipid accumulation and adi-
pogenesis (Griin and Blumberg, 2007) and promeoting obesity and
obesity-related disorders (Arrebola et al, 2014b; Sharpe and
Drake, 2013).

Lower serum HCB concentrations were observed in samples
from women with higher educational level and higher serum PCB-
138 and adipose tissue p,p’-DDE concentrations and lower serum
HCB concentrations were detected in those from non-manual
versus manual workers. Educational level and occupational class
are complex indicators that can involve lifestyle patterns, dietary
habits, and occupational exposure (Clynn et al., 2003 ); hence, their
implications for exposure levels may vary among different coun-
tries and study populations (Arrebola et al., 2014b; de Basea et al.,
2011; Ibarluzea et al., 2011).

Accumulated breastfeeding time was negatively associated
with adipose tissue HCB, PCB-138, and PCB-180 concentrations
and with serum HCB and PCB-153 concentrations. Lactation was
found to be a major route of POP excretion in cross-sectional and
follow-up studies (Ibarluzea et al., 2011; Laden et al,, 1999; Weldon
et al, 2010). These lipophilic chemicals tend to accumulate in
human milk and are therefore released during breast feeding.
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Weight loss was negatively associated with the majority of
POPs in adipose tissue and was positively associated with serum
PCB-138 concentrations alone. Although the mechanisms involved
are not fully understood, the negative influence of weight loss on
adipose tissue POP concentrations may be related to their release
during fat mobilization, enhancing the exchange of POPs between
the different body compartments and therefore their elimination
(De Roos et al., 2012; Kim et al., 2010). In fact, this mechanism may
underlie the reported increase in serum POP concentrations for up
to 12 months after drastic weight loss from bariatric surgery
(Chevrier et al., 2000; Imbeault et al, 2002; Kim et al, 2010;
Pelletier et al., 2002).

We found a negative association between the degree of biolo-
gical aggressiveness and serum p,p’-DDE concentrations in both
bivariate and multivariable analyses and also between ER-positive
status and adipose tissue PCB-153 concentrations. The biological
aggressiveness and estrogen receptor (ER) status of the tumor are
two of the most clinically relevant prognostic factors in breast
cancer patients but have been poorly studied as potential pre-
dictors of the POP burden, perhaps because they have been con-
sidered consequences rather than causes of POP exposure, Thus,
estrogen receptor presence in breast tumor has been associated
with p,p’-DDE concentrations in breast adipose tissue (Dewailly
et al,, 1997), However, it is plausible that the biology of the tumor
may modify the distribution of fats and therefore the stability of
POPs. In this context, increased adipose tissue levels of leptin, a
hormone that enhances fat metabolism, have been reported in
patients with higher TNM staging (Tessitore et al, 2000). Hence,
the tumor itself may hasten fat remodeling and affect the steady-
state partitioning of POPs between body compartments.

Our data on the contribution of neo-adjuvant treatments to
POP concentrations in each biological matrix are of special inter-
est, because these are generally undergone before breast cancer
surgery, hampering the collection of pre-treatment biological
samples (Thompson and Moulder-Thompson, 2012). Serum HCB
and PCB-180 concentrations were lower in the women who had
received preoperative QT (41% of the total series), but no differ-
ences were observed in any adipose tissue POP concentration.
Preoperative QT was also related to a reduction in the strength of
the bivariate correlation between p,p’-DDE in serum and adipose
tissue samples. These findings are consistent with the report by
Baris et al. (2000) of significantly reduced serum p,p’-DDE, PCB-
138 and PCB-153 concentrations after QT, In contrast, Gammon
et al. (1996) described increased serum p,p’-DDE and PCBs con-
centrations after adjuvant treatment, although they considered
radiotherapy and hormone therapy as well as QT in the treatment
group, which only contained seven patients. Patients undergoing
QT usually evidence severe side-effects related to major metabolic
changes, including an alteration of serum-lipid fractions (Ray et al.,
2001). Thus, tamoxifen therapy was found to significantly reduce
fasting plasma levels of total cholesterol and low- and high-den-
sity lipoproteins (Love et al., 1990), which may affect the parti-
tioning coefficient between adipose tissue and serum POP con-
centrations (Guo et al., 1987 ).

Our study has several shortcomings. The sample size was re-
latively limited, which may have precluded the detection of a
wider range of associations. Our findings on some differences
between the predictors of serum and adipose tissue POP con-
centrations need to be confirmed in wider studies that take ac-
count of other potential predictors, such as dietary habits or life-
style patterns. Moreover, given the cross-sectional design of this
study, we cannot completely rule out the presence of reverse-
causality in the associations found. This possibility is more re-
levant for serum POP concentrations, which are more highly in-
fluenced by recent exposures, than for adipose tissue concentra-
tions. In addition, our utilization of a backward stepwise method
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Predictors of log-transformed concentrations of selected POPs in adipose tissue and serum. Bivariate and multivariable linear regression analyses (11,

PCB-138%

Adipose tissue

Serum

Bivariate analysis

Multivariable analysis (R® =0.263)

Bivariate analysis

Multivariable analysis (R®=0.130)

exp (f) CI(95%) exp  CI[95%) exp (@) C1(95%) exp €1 (95%)
#) ®
Total lipid content 100 099 102 o0 099 102 L16 098 137 113 096 133
Age (years) 1. 100 1.02 103 101 104 101 099 103 - - -
Residence=urban’ 107 075 151 - - - 117 071 191 - - -
Educational level =university” 110 079 152 - - - 126 079 199 - - -
Occupational 0.89 062 127 - - - 0.58 035 0895 049 030 0.79
class =manual + homemaker*
BMI 1.0 097 104 - - - 104 098 11 106 100 112
(BMI)? i ni.  ni - - - 0.99 099 100 099 099 100
Perceived weight loss=Yes® 0.60 043 085 058 043 0.79 179 111 289 177 11 2,83

Preoperative chemotherapy —yes®

Parity = primiparous/multiparous
Accumulated breastfeeding time
(months)
Age of menarche (years)
Menopausal status=yes®
Hormone replacement
therapy=yes"
Biological aggressiveness grade
G2
G3
Estrogen receptor= positive'

0.86 063 119
0.76 046 126
0.99 098 100

1.0 091 11
1.48 109 2.0
1.24 079 194

104 072 151
0.69 044 108
0.90 060 134

PCB 1537

0.94 059 151
076 036 157
100 098 102

092 079 107
0.99 063 157
153 037 3.04

097 055 170
0.68 037 127
138 077 245

Adipose tissue

Serum

Bivariate analysis

Multivariable analysis (R® =0.380)

Bivariate analysis

Multivariable analysis (R*=0.281)

exp () CI(95%)

exp () CI(95%)

exp  Cl(95%)

Total lipid content
Age (years)
Residence=urban’
Educational level =university”
Occupational

class =manual + homemaker*
BMI
Perceived weight loss=yes”

Preoperative chemotherapy =yes®

Parity = primiparous/multiparous
Accumulated breastfeeding time
(months)
(Accumulated breastfeeding time
(months)P
Age of menarche (years)
Menopausal status =yes”*
Hormone replacement
therapy=yes"
Biological aggressiveness grade
G2
G3
Estrogen receptor= positive'

1.0 099 103
1.03 102 1.05
1.39 093 2.09
0.89 061 131
0.80 052 122

.01 097 106
0.83 055 125
0.75 051 1n
0.83 045 154
1.00 098 1.01

n.i ni.  ni

1.52 105 2.20

0.92 059 144
0.98 057 167
0.76 047 123

PCB-1807

exp  Cl(95%)
#)

101 100 1.03
1L04 103 1.06
0.60 047 101

0.59 038 0.94

111 096 129
102 100 103
124 080 193
0.94 061 143
0.93 058 148

098 093 102
119 076 185
122 081 184
0.92 067 127
101 100 103

i ni.  ni

1.06 093 122
133 088 2.00
0.80 044 146

0.54 050 141
073 041 130
124 030 222

)

108 094 124
102 100 104
094 090 0.98
098 093 1.02
100 100 100

Adipose tissue

Serum

Bivariate analysis

Multivariable analysis (R® =0.411)

Bivariate analysis

Multivariable analysis (R?=0.489)

exp (f) Cl(95%) exp  C1(95%) exp (@) C1(95%) exp Cl1(95%)
#) ®
Total lipid content 1. 099 1.03 1L.01 100 1.03 109 096 125 [ARI 097 1.25
Age (vears) 1.03 102 1.05 104 103 106 101 099 103 099 097 1.01
(Age)? n.i ni.  ni n.i n.i n.i 100 100 100 101 100 1.02

Residence=urban’

1.39 091 213
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Table 5 {continued )

PCB-138%

Adipose tissue

Serum

Bivariate analysis

Multivariable analysis (R® =0.263)

Bivariate analysis Multivariable analysis (R?=0.130)

exp (#) CI1(95%) exp  CI(95%) exp () CI(95%) exp CI (95%)
)] (#)
Educational level =university” 09z 061 138 - - - 1.23 0.87 1.73 - - -
Occupational 101 099 103 - - - 0.86 0.58 127 - - -
class =manual + home maker*
BMI 102 097 106 - - - 0.99 0.96 1.04 - - -
Perceived weight loss=yes” 078 051 120 - - - 1.09 075 1.59 - - -
Preoperative chemotherapy =yes® 064 043 096 - - - 0.68 0.49 095 0.65 0.46 093
Parity =primiparous/multiparous’ 090 047 171 - - - 0.63 037 108 - - -
Accumulated breastfeeding time 099 098 101 098 097 1.00 ’ 1.00 0.99 1.02 - - -
(months)
Age of menarche (years) 103 091 116 - - - 1.01 090 113 - - -
Menopausal status= yes® 149 100 221 - - - 1.50 107 210 1.66 112 246
Hormone replacement 112 064 195 - - - 0.87 0.49 1.53 - - -
therapy =yes"
Biological aggressiveness grade
G2 091 057 144 - - - 0.95 0.60 1.51 - - -
G3 094 054 163 - - - 0.88 0.53 147 - - -
Estrogen receptor= positive' 081 044 152 - - - 1.22 068 219 - - -

BMI=body mass index; ni.=not included.

* Models adjusted by total lipids.
p=01

" p =005

" p<001

 p<=0.001.

4 Ref. cat=rural

" Ref cat=up to primary school.

“ Ref cat=non-manual.

4 Rel. cat =no.

* Ref. cat=no.

" Ref. cat=nulliparous.

£ Ref. cat=no.

" Ref. cat=no.

! Ref. Cat=negative.

to select variables for the statistical analyses means that we are
unable to rule out chance findings resulting from the order in
which they were entered in the models. However, the fact that
many associations were reproduced in different POPs may support
the robustness of our analyses. Finally, some of the associations
found with BMI, occupational class, and educational level, among
other variables, may in part be explained by dietary factors, which
were not considered in our analysis. Therefore, our study high-
lights novel results that need to be confirmed by larger studies due
to the difficulties during sampling collection. Future studies should
also: (i) consider specific adjustment variables, such as recent
weight loss or necadjuvant chemotherapy treatment; and (ii) take
into account that serum and adipose tissue might not have the
same biological meaning for specific POPs (e.g PCBs) and under
certain physiological conditions. Finally, given that humans are
commonly exposed to complex mixtures of environmental pollu-
tants that might have synergic/antagonistic effects, there is a need
for biomarkers of exposure to multiple chemicals, specifically
those with common mechanisms of action (Fernandez et al., 2004;
Ibarluzea et al., 2004).

The role of POP exposure in the development and prognosis of
breast cancer remains unclear (Salehi et al, 2008). Our results
reveal that serum and adipose tissue POP concentrations in breast
cancer patients may be differentially influenced by external pre-
dictors and that QT modifies the serum concentration of certain
POPs. These findings underline the importance of taking into ac-
count the individual POP(s) under study and the biological matrix
used when assessing internal POP exposure, especially in relation

Francisco Artacho Corddén

to health outcomes; the results also highlight the need to make a
careful selection of covariates for adjusting the model.
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7.2. Objective 2. Evaluate the magnitude of the exposure to persistent and non-persistent
EDCs and identify predictors of the exposure in a subset of healthy women from Tunisia.
SERUM LEVELS OF PERSISTENT ORGANIC POLLUTANTS AND PREDICTORS
OF EXPOSURE IN TUNISIAN WOMEN

Artacho-Cordon F, Belhassen H, Arrebola JP,Ghali R, Amira D, Jiménez-Diaz |, Pérez-Lobato
R, Boussen H, Hedili A, Olea N
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ABSTRACT
Introduction: In spite of the international consensus on the human health risks associated with
exposure to persistent organic pollutants (POPs), the Tunisian population is suspected to have

been inadvertently exposed to POPs over the last decades.

Obijectives: The aim of this study was to evaluate POP concentrations in the serum of a subset of
54 Tunisian women and to identify some socio-demographic and dietary predictors of exposure
to POPs.

Results: Of the ten POPs analyzed, three polychlorinated biphenyl (PCB) congeners (-138, -153
and -180), and two organochlorine pesticides (OCPs), HCB and p,p’-DDE, showed frequencies
ranging from 98 to 100%. Serum median concentrations of PCB congeners (-138, -153 PCB-
180) were 26.08, 119.1 and 29.84 ng/g lipid, respectively, and median concentrations of HCB
and p,p -DDE were 19.98 and 127.59 ng/g lipid, respectively. Age was positively correlated
with serum levels of selected POPs. Women living in northern Tunisia showed higher serum
levels of all PCBs. Working outside home and cereal consumption were positively associated to
serum levels of p,p’-DDE. The duration of the lactation was also related to lower serum levels
of p,p’-DDE and HCB.

Conclusion: The levels of exposure to POPs found warrant a biomonitoring program in order to
identify routes of exposure and population groups at higher risk. This program will help to
establish prevention policies and to determine the association between exposure to POPs and

chronic diseases.
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1. Introduction

Persistent organic pollutants (POPs) such as dichlorodiphenyl-
trichloroethylene (DDT) and its metabolites {notably, p,p’'-
dichlorodiphenyl-dichloroethylene [p,p'-DDE]), hexachloroben-
zene (HCB), and polychlorinated biphenyls (PCBs) are a group of
chemicals that have been banned in most of the Mediterranean
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countries. Despite this ban, a vast array of studies has shown the persis-
tence and liposolubility of these chemicals, as well as their tendency to
bioaccumulate and biomagnify in the food chain (Porta et al., 2008) and
therefore to reach human population (Kelly et al., 2004). Human expo-
sure has been associated to adverse clinical effects at doses traditionally
considered safe, including reproductive disorders, endocrine disruption,
and carcinogenicity (Qing Li et al,, 2006).

Most POPs were used until the 1980s for insect control, sanitary pur-
poses as well as in agriculture and industry (APEK, 2005). However, in
Tunisia there are still hundreds of obsolete pesticide stockpiles, and a
large number of power transformers containing PCBs are still in use or
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stored in inappropriate conditions ( APEK, 2005; Dasgupta et al., 2010},
particularly in the north of the country (ANGed, 2008). This scenario
suggests that the Tunisian population may have been inadvertently ex-
posed to POPs as reported by two studies (Ben Hassine et al., 2013;
Ennaceur and Driss, 2010}, which have paid little attention to the iden-
tification of exposure routes. Therefore, included in a larger project, the
aim of this study was to evaluate POP concentrations in the serum of a
subset of female volunteers from Tunisia and to identify some socio-de-
mographic and dietary predictors of exposure to POPs in order to set the
basis for a large-scale biomonitoring study in the country.

2. Material and methods
2.1. Study population

The present study was conducted between May and October 2012
and included a subset of 54 Tunisian women at either the Salah Azaiz
Hospital ( Tunis) or the Ariana Hospital ( Ariana ) whowere in those hos-
pitals for non-disease-related reasons { women accompanying patients,
hospital staff or blood donors). Inclusion criteria were the following: age
over 18 years, able to read and understand French, no alcohol consump-
tion, absence of hormone-related disease or cancer, no hormonal thera-
py, and residence in the study area for at least 10 years. All women
signed an informed consent form to participate in the study, which
was approved by the Ethics Committee of the corresponding hospital.

2.2. Sampling and chemical analysis

Two milliliters of serum were collected from each woman under 12-
h fasting conditions and extracted using a method described elsewhere
(Turci et al,, 2010) with slight modifications (Musaiger, 1993). The
extracts were reconstituted in hexane for chemical analysis. A group
of POPs ( p,p’-DDE, HCB, 3-HCH, endosulfan «, heptachlor, endosulfan
ether and oxychlordane) and PCBs {congeners 138, 153, and 180)
were quantified by high-resolution gas chromatography with a fused
silica capillary BR-5 ms column (30 m x 0.25 mm, df = 0.25 pm; Bruker,
Germany) and a ®*Ni micro-electron capture detection (Varian CP-3800
GC-ECD, Walnut Creek, CA, US).

Procedural blanks with solvents alone were analyzed and always
yielded a negative result. Laboratory fortified matrix samples at differ-
ent concentrations were used for quality control. Inter- and intra-day
variabilities were calculated by analyzing fortified samples within the
same day (repeatability) and in different days (intermediate precision),
respectively, always yielding a result < 20%. p,p’-dichlorobenzophenone
was used as internal standard. In order to assess the extraction efficien-
cy of the method, the recovery of the POPs was measured by spiking 10
blank samples with the target analytes at an intermediate point on the
calibration curve and processing them as described above. Recovery
rates ranged from 91 to 97%.

Limits of detection (LODs) were set at 0.05 ppb for each analyte. A
random value between zero and the LOD was assigned to those concen-
trations below the LOD. POP concentrations were expressed on a wet
weight basis {as nanogram per mL) and a lipid weight basis (as nano-
gram per gram of lipid).

2.3. Independent variables

Socio-demographic characteristics, reproductive history and fertility,
diet, tobacco and alcohol consumption were recorded using an ad-hoc
questionnaire. Occupational class was gathered and classified into outside
workers and homemakers. Socioeconomic status of the family unit was
categorized into three groups: =200 €/month, 200-500 €/month, and
=500 €/month, Participants were grouped according to their place of res-
idence into women living in Northern Tunisia and women living in South-
em Tunisia. The division line passed through the provinces of Sousse,
Kairouan and Kasserine, A dietary section with information regarding
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consumption habits and frequencies of main food groups (meat, milk,
dairy products, vegetables and cereals) was also included. Since bread is
eaten on a daily basis in our population, questions regarding cereal con-
sumption only referred to pasta, rice and couscous consumption.

2.4. Stafistical analysis

Due to their non-normal distribution, all POP concentrations were
log-transformed. Variables are described using medians and interquar-
tile ranges. Potential predictors of serum concentrations of POPs were
assessed using multiple linear regression models, which were estimated
using a backward stepwise technique. Once the models were created,
colinearity between independent variables, linearity of the quantitative
independent variables and homoscedasticity were calculated. Due to
log-transformation of POP concentrations, [ coefficients are also pre-
sented as exp(3). The significance level was set at p = 0.05. R statistical
computing environment v3.0 (http://www.r-project.org/) was used for
data analyses.

3. Results and discussion

Characteristics and dietary habits of the study population at enroll-
ment are presented in Table 1.

Table 1
Characteristics of study population (n = 54).
N (%) Median 10QR
Baseline characteristics
Age (years) 43.5 38.0-497
BMI (kg/m?) 26,08  239-285
Oceupational class
Homemaker 15 (27.8)
Outside workers 39(722)
Socioeconomic status
Low (=200 €/month) 2(37)
Medium (200-500 €/month) 49 (90.7)
High (=500 €/month) 3(5.7)
Location
Morthem Tunisia 45 (83.3)
Southern Tunisia 9(167)
Marital status
Single 8(14.8)
Married 46 (85.2)
Lifestyle
Smoking
Yes 2(37)
No 52 (96.3)
Alcohol
Yes 0(0.0)
No 54 (100.0)
Reproductive history
Menarche age (years) 13.0 120-130
Age at first birth (years) 26.5 223-300
Lactation ( months) 12.0 53-36.0
No. children 2.0 1.0-3.0
Menopausal status
Pre-menopausic 40 (74.1)
Post-menopausic 14 (25.9)
Parity
Nulliparous 8(148)
Primiparous 8(148)
Multiparous 38 (70.4)
Diet
Vegetables consumption (=1 serving/week )
Yes 53 (98.2)
No 1(1.8)
Dairy products consumption (time per week) 7.0 6.0-7.0
Milk consumption (cup/day) 1.0 1.0-2.0
Meat consumption (times per week) 6.0 30-7.0
Cereals consumption (time per week) 4.0 20-5.0
I0R: interguartile range; BMI: body mass index.
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3.1. Concentrations of selected POPs

Frequencies of detection and concentrations of the selected POPs are
shown in Table 2. All analyzed samples were positive for one or more
POP residues. The concentrations of HCB, p,p’-DDE and PCB congeners-
138, -153 and -180 were found above the LOD in almost all samples. Me-
dian concentrations of p,p’-DDE and HCB were 127.59 ng/g lipid and
19.98 ng/g lipid. The median concentrations of PCBs were 26.08 ng/g
lipid, 111.99 ng/g lipid and 29.84 ng/g lipid for PCB congeners-138, -153
and -180, respectively.

As a result of the worldwide ban on the use of POPs, biomonitoring
programs have revealed a downward trend in the concentrations
found in humans ( Kim and Yoon, 2014; Nast et al,, 2013), However, pre-
vious studies have reported increased environmental levels of POPs like
OCPsand PCBs (Gioia et al., 2014) in different African countries, which
have resulted in increased levels in humans (Luzardo et al, 2014).
Concerning Tunisia, limited information is available regarding the past
use of POPs. Although the Tunisian govermment banned the use and im-
port of most POPs in the 19805 (APEK, 2005), 89% of obsolete pesticides
are still stored in damaged packages in Tunisia (Dasgupta et al,, 2010),
and illegal import of pesticides has been admitted { APEK, 2005). The
levels of HCB and p,p’-DDE in the study population were of a similar mag-
nitude to those previously observed in Tunisia ( Ennaceur and Driss, 2010)
and in the Bizerte region population {Ben Hassine et al, 2013).In compar-
ison with other Mediterranean countries such as Egypt (Ahmed et al.,
2002), Italy ( Bergonzi et al., 2009), Spain (Llop et al., 2010} or Greece
(Vafeiadi et al., 2014), the levels of HCB and p,p’-DDE were also similar
as well as in other developing countries such as Brazil (Sarcinelli et al.,
2003) and Bolivia (Arrebola et al., 2012a). Moreover, Tunisia is undergo-
ing a rapid transformation in the IT field and is importing a considerable
amount of PCB-containing equipment {World Bank, 2010). Indeed, the
levels of PCBs in our study reached those reported for developed, more in-
dustrialized Mediterranean countries such as Italy (Bergonzi et al., 2009)
and Spain (Llop et al,, 2010), with levels being even higher for PCB-153,

3.2. Multivariable analyses of predictors of POP exposure

The results from the unadjusted and global stepwise multiple linear
regression analyses are shown in Table 3. The models are shown for

wet-basis concentrations and adjusted for total lipids (Phillips et al.,
1989).

3.2.1. Socio-demographic and reproductive history predictors

As expected, age was positively associated with all the serum levels
of p,p’-DDE, HCB and ZPCBs. This finding is in agreement with previous
studies because age is one of the most significant factors affecting POP
burden in human serum (Agudo et al., 2009; Ben Hassine et al,, 2013;
Cerrillo et al,, 2006; Ibarluzea et al., 2011; Laden et al,, 1999). A two-
sided phenomenon that includes a lifespan bicaccumulation effect and
a birth cohort effect has traditionally been used to explain this associa-
tion (Laden et al.,, 1999), Older women had a higher risk of exposure to
high levels of POPs because they were alive when POPs were widely
used in Tunisia and in addition they have had longer periods of time
to accumulate the residues in their bodies.

Although a previous study in a Tunisian female population reported
no significant differences in the serum levels of POPs between different
regions (Ennaceur and Driss, 2010) we have found a south-north gradi-
ent. As expected, these geographical differences in the serum levels of
POPs corresponded with the particular distribution of all publicly-run
POP storage facilities in the country (ANGed, 2008). i.e,, the number of
obsolete pesticide stockpiles is higher in the northern regions than in
the south. Data derived from the linear regression analyses (Table 3) in-
dicate that women living in Southern Tunisia showed lower serum
levels of PCB-138 [exp(/3): 0.86, 95% CI: 0.72-1.00)), -153 [exp(p):
0.81, 95% CI: 0.70-0.93] and -180 [exp(]>): 0.77, 95% CI: 0.65-0.93|
than women in Northern Tunisia. Tunisian government reports, which
have estimated that up to 1047 PCB-contaminated transformers and
up to 631 tons of PCB contaminated oil processors are spread across
Tunisia with the highest concentrations in Greater Tunis and Bizerte
Govemorates ( Northern Tunisia) (World Bank, 2010), may help explain
the north-south differences. Moreover, other factors may be also in-
volved, including the fact that Northern Tunisia is more industrialized
than the south (Verdier-Chouchane et al, 2011). In this regard, a recent
study in South Portugal has reported the highest PCB-153 concentra-
tions in women living close to industrial areas (Lopes et al., 2014). Sim-
ilar findings were reported by other cohorts, supporting the fact that
people living near industrial areas and contaminated buildings may
have increased PCB burden (Arrebola et al, 2012b).

Table 2
Concentrations of selected OCPs and PCBs.
=L0D (%) Mean sD Percentiles
25th 50th 75th
Organochlorine pesticides
HCB ng/mL 100,00 0.14 0.06 0.09 012 0.16
ng/g lipid 2391 1002 18.25 19.98 2822
p.p-DDE ng/mL 9810 107 1.18 0.38 0.60 1.53
ng/g lipid 21505 21472 66.02 12759 276.93
[3-HCH ng/mL 3330 <LOD <LOD <LOD <LOD 0.05
ng'g lipid - - - - 49.51
Endosulfan o ng/mL 3330 <LOD <LOD <LOD <L0D 0.05
ng/g lipid - - - - 7.92
Endosulfan ether ng/mL 0,00 <LOD <L0D <LOD <LOD =LOD
ng/g lipid - - - - -
Heptachlor ng/mL 79.60 009 0.06 0.05 0.08 0.11
ng/g lipid 14.88 1486 6.36 1239 1633
Oxychlordane ng/mL 3.70 <LOD <LOD <LOD <LOD =LOD
ng/g lipid - - - - -
Polychlorinated biphenyls
PCE 138 ng/mL 100,00 017 0.08 013 015 0.18
ng/g lipid 2859 1664 22.26 26.08 3133
PCB 153 ng/mL 100,00 058 0.21 0.54 052 0.76
ng/g lipid 119.07 3596 88.90 11199 149,57
FCB 180 ng/mL 9810 0.18 0.06 0.14 017 0.23
ng/g lipid 31.74 1100 22,76 29.84 4044
LOD: limit of detection (0,05 ng/mL).
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Table 3
Crude and global multiple linear regression model for selected POPs.*
Ln pp-DDE (ng/mL) Ln HCB ( ng/mL)
Unadjusted Global (R* = 0.49) Unadjusted Global (R* = 0.34)
B exp(fs) expCl (95%) § exp(fs) expCl (95%) B exp(s) expCl (95%) f exp(fd) expCl (95%)
(Intercept) —3039 0048 0003 0679 —3.887 0021 0006 00717 (Intercept) —3702 0025 0008 00777 —3.008 0049 0028 00877
Age (years) 0062 1064 1023 11077 0.065 1067 1041 1093 Age (vears) 003 1035 1017 10527  0.024 1024 1010 1038
Occupational 0943 2569 1.094 60307 0750 2117 1300 3447 Lactation —0004 0996 0991 1002 —0.005 0995 0991 09997
class = outside {months)
worker?
Lactation —0007 0993 0981 1006 —0014 098 0978 0995
(months)
Cereals 0141 1152 0989 1342 0129 1138 1024 12647
consumption
Ln PCB-138 (ng/mL) Ln PCB-153 (ng/mL)
Unadjusted Global (R* = 039) Unadjusted Global (R* = 0.20)
B exp(fs) expCl (95%) § exp(fs) expCl (95%) B exp(s) expCl (95%) f exp(fd) expCl (95%)
(Intercept) —2415 0089 0042 0189 —2.759 0063 0041 0099 (Intercept) —0355 0701 0323 1524 —0.744 0475 033 0675
Age (years) 0017 1017 1006 10297  0.022 1022 1013 10317 Age (vears) 0005 1.005 0993 1016 0.009 1009 1001 10177
Location = South —0.130 0878 0697 1106 —0.168 0855 0715 0999  Location= —0227 0797 0628 1.012- —0.217 0805 0695 09327
Tunisia” South
Tunisia”
Lactation —0005 0995 0992 099° —0.006 09%4 0991 09977
(months)
Ln PCB-180 (ng/mL) Ln ZPCBs (ng/mL)
Unadjusted Global (R* = 0.20) Unadjusted Global (R* = 0.36)
B exp(fy) expCl (95%) § exp(fs) expCl (95%) B exp(d) expCl (95%) f exp(f3) expCl (95%)
(Intercept) —2121 0120 0040 0358  —2.161 0115 0075 0176 (Intercept) —0.108 0.897 0473 1702 —0.372 0689 0511 0929
Age (years) 0015 1015 0999 1032 0011 1011 1002 10217 Age (years) 0008 1.008 0998 1017 0.010 1010 1003 10177
Location = South —0.183 0833 0594 1166 —0.257 0773 0646 0925 Location= —0205 0814 0669 09927 —0.225 0798 0716 0891
Tunisia” South
Tunisia’

'f All multivariable analyses were adjusted by total serum lipids.
4 Reference category: homemaker.
T Reference category: Northern Tunisia; p < 0.1, *p = 0.05.

Regarding occupational class, we found that outside workers
showed higher serum levels of p,p’-DDE than homeworkers
lexp(p): 2.12,95% CI: 1.30-3.45], suggesting occupational exposure
to POPs, as previously noted for agricultural workers (Mercado
etal, 2013).

The duration of lactation was found to be a predictor of exposure to
POP. It was inversely associated with serum levels of residues from ag-
ricultural and industrial origins, e.g., p,p'-DDE [exp(3): 0.99, 95% CI:
0.98-1.00], HCB [exp(P): 099, 95% CI: 0.99-1.00] and PCB-138
lexp(): 0,99, 95% CI: 0.99-1.00]. This inverse association was sug-
gested previously by some Spanish cohorts (Cerrillo et al, 2006;
Ibarluzea et al,, 2011; Llop et al,, 2010) and other populations (Laden
et al., 1999), Because lactation is believed to be a major route for excre-
tion of p,p’-DDE and PCBs (Laden et al., 1999) due to their lipophilicity
and the high fat content of breast milk, caution should be taken to re-
duce children exposure.

3.2.2. Dietary predictors

Regarding the contribution of the diet to POP burden, our data
showed that cereal consumption was positively associated with serum
levels of p,p'-DDE [exp(3): 1.14, 95% CI: 1.02-1.26]. This association
was also reported by previous studies in Spain (Llop et al., 2010). In
this respect, the Tunisian government has confirmed illegal import of
some banned POPs from neighboring countries where they are not
banned (APEK, 2005). Although this report does not specifically men-
tion DDT, it seems plausible that cereal crops might be highly polluted
with these illegal pesticides and therefore, contribute to human expo-
sure to p,p’-DDE.

Francisco Artacho Corddén

Several reasons could explain the limited associations found be-
tween diet and POP levels in Tunisian women, including diet changes
and differences in the concentration of POPs in the same food item
depending on when and where it is consumed. In addition, the fact
that serum concentrations of p,p'-DDE, HCB and PCBs were not strongly
associated with specific food groups seems coherent with a low-dose
exposure to these OCs through a variety of foods, as reported by previ-
ous studies, reflecting the need for more accurate recording of dietary
habits (Gasull et al., 2010). Moreover, the limited sample size of our
study might prevent us to find subtle associations between dietary
habits and POP exposure.

4. Conclusion

This is the first study that assesses routes of exposure to POPs in a
Tunisian population. Due to the fact that this study is a pilot research,
our results cannot be extrapolated to the general population and need
to be supported by further studies. However, the levels of exposure to
POPs and the significant levels of PCB-153 found would warrant the de-
sign of biomonitoring programs in Tunisia. These programs would help
identify population groups at risk of exposure, to characterize the differ-
ent routes of exposure and to design prevention programs. Environ-
mental health policies and strategies in Northern and Southern
Mediterranean countries should be, at least, complementary. However,
since African countries have financial limitations to develop these pro-
grams, Northern Mediterranean countries must be committed to collab-
orate with the developing countries to carry out studies aimed at the
general population.
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7.2. Objective 2. Evaluate the magnitude of the exposure to persistent and non-persistent
EDCs and identify predictors of the exposure in a subset of healthy women from Tunisia.

URINARY LEVELS OF BISPHENOL A, BENZOPHENONES AND PARABENS IN
TUNISIAN WOMEN: APILOT STUDY

Jiménez-Diaz I, Artacho-Cordon F, Vela-Soria F, Belhassen H, Arrebola J.P, Fernandez M.F,
Ghali R, Hedhili A, Olea N.

Science of the Total Environment; Impact factor 4.099; 1% Quartile; 1% Decile

ABSTRACT

Bisphenol A (BPA), benzophenones and parabens are commonly used in the production of
polycarbonate plastics, as UV-filters and as antimicrobial preservatives, respectively, and they
are thought to exhibit endocrine disrupting properties. Exposure to these compounds remains
poorly characterized in developing countries, despite the fact that certain behaviors related to

westernization have the potential to influence exposure.

The aim of this pilot study was to measure urinary concentrations of BPA, six different
benzophenones and four parabens in 34 Tunisian women. In addition, we identified some socio-
demographic and dietary predictors of exposure to these compounds. Chemical analyses were
carried out by dispersive liquid—liquid microextraction (DLLME) and ultra-high performance
liquid chromatography with tandem mass spectrometry detection (UHPLC-MS/MS). Detection
frequencies of methylparaben (MP), ethylparaben (EP) and propylparaben (PP) ranged between
67.6 and 94.1%. Butylparaben (BP) was found in 38.2% of the analyzed samples; BPA in
64.7%; and benzophenone-1 (BP-1) and benzophenone-3 (BP-3) were detected in 91.2 and
64.7% of the analyzed samples, respectively. Urinary geometric mean concentrations of MP,
EP, PP, and BP were 30.1, 1.4, 2.0 and 0.5 ng mL— 1, respectively. Geometric mean
concentrations of BPA, BP-1, and BP-3 were 0.4, 1.3 and 1.1 ng mL— 1, respectively.

Our results suggest that Tunisian women are widely exposed to BPA, parabens and some
benzophenones. Further studies on the general Tunisian population are needed in order to assess
the levels of exposure to these compounds and to identify sources of exposure and population

groups at higher risk.
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ABSTRACT
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as UV-filters and as antimicrobial preservatives, respectively, and they are thought to exhibit endocrine
disrupting properties. Exposure to these compounds remains poorly characterized in developing countries, de-
spite the fact that certain behaviors related to westernization have the potential to influence exposure.

The aim of this pilot study was to measure urinary concentrations of BPA, six different benzophenones and four
parabens in 34 Tunisian women. Inaddition, we identified some socio-demographic and dietary predictors of ex-
posure to these compounds. Chemical analyses were carried out by dispersive liquid-liquid microextaction
({DLLME) and ultra-high performance liquid chromatography with tandem mass spectrometry detection
(UHPLC-MS/MS). Detection frequencies of methylparaben (MP), ethylparaben (EP) and propylparaben (PP)
ranged between 67.6 and 94.1%. Butylparaben (BP) was found in 38.2% of the analyzed samples; BPA in 64.7%;
and benzophenone-1 {BP-1) and benzophenone-3 {BP-3) were detected in 91.2 and 64.7% of the analyzed sam-
ples, respectively. Urinary geometric mean concentrations of MP, EP, PP, and BP were 30.1, 14, 2.0 and
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Ourresults suggest that Tunisian women are widely exposed to BPA, parabens and some benzophenones. Further
studies on the general Tunisian population are needed in order to assess the levels of exposure to these com-
pounds and to identify sources of exposure and population groups at higher risk.
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1. Introduction

The last century has witnessed a significant development in science
and technology that has allowed the emergence of a large number of
manufactured products with a wide range of applications. Nevertheless,
this development has resulted in an increased exposure of the general
population to a wide variety of xenobiotics that can cause adverse
health effects. Among these compounds, endocrine disrupting
chemicals (EDCs) have become of special concern in the last decades.

The term EDC covers a wide range of synthetic and natural sub-
stances that can interfere with the normal hormone function in wildlife
and humans { Sonnenschein and Soto, 1998). In addition to some naru-
rally occurring compounds such as lignans, coumestans, isoflavones,
mycotoxins, and phytoestrogens, numerous synthetic chemicals such
as bisphenol A (BPA), benzophenones, and parabens, have been in-
volved in endocrine disruption (Darbre, 2015).

BPA is a well-known EDC (Schecter et al, 2010; Sharpe and Drake,
2010; Vandenberg et al, 2010) with an estimated global production of
5.5 million metric tons in 2011 (Bailin eral,, 2008). BPA is used primarily
in the production of polycarbonate plastics used in a variety of common
products including reusable beverage containers, infant feeding bottles,
digital media, electrical and electronic equipment, automobiles and
sports safety equipment, among other uses {Geens et al., 2012). In
vitro studies have shown the ability of BPA to disrupt epigenetic regula-
tion of developmentally relevant genes, induce proliferation of human
prostate cancer cells and inhibit the synthesis of testosterone
(Vandenberg et al., 2010; Molina-Molina et al,, 2013; Susiarjo et al,
2013). In addition, some epidemiological studies suggest that environ-
mental exposure to BPA is associated with behavioral and reproductive
abnormalities, aswell aschronic diseases, especially when exposure oc-
curs during critical windows of development (Lang et al., 2008; Braun
et al., 2011b; Meeker et al., 2011; Pérez-Lobato et al., 2016; Fernandez
et al., 2016).

Benzophenone (BP)-type UV filters comprise approximately 29 com-
pounds (Yang et al, 2013) including BP-1 to BP-12 as well as others such
asd-hydroxybenzophenone (4-0H-BP) and 2-hydroxybenzophenone (2-
OH-BP). Benzophenones are widely used as UV-filters in sunscreen for-
mulations, and in the production of plastics and food-packaging materials,
They are alsoused as photo-initiators in UV-cured inks and adhesives. De-
spite the widespread use of BPs some of these compounds have been re-
lated to feminized sexual behavior and increased uterine weight in
exposed mice and rats (Schlumpf et al., 2010; Krause et al,, 2012).

Parabens (alkyl esters of the p-hydroxybenzoic acid) are widely used
asantimicrobial preservatives, especially against mold and yeast, in cos-
metics, pharmaceuticals, and in food and beverages. Methylparaben
(MF), ethylparaben (EF), propylparaben (PP) and butylparaben ( BP)
are the most commonly used parabens. The wides pread use of parabens
as preservatives arises from their low toxicity, broad inertness, world-
wide regulatory acceptance and low cost (Soni et al., 2005). However,
in recent years there has been a growing concern about human expo-
sure to parabens and several in vitro and in vivo studies have reported
estrogenic (Darbre and Harvey, 2008; Charles and Darbre, 2013) and
antiandrogenic activity of parabens (Oishi, 2002; Chen et al,, 2007),in
addition to decreased semen quality and testosterone levels in
paraben-exposed male rodents (Soni et al., 2005).

Exposure to BPA, parabens and benzophenones may occur through
ingestion, inhalation and dermal absorption (Hayden et al., 2005; El
Hussein et al., 2007; Vandenberg et al, 2007). These compounds may
conjugate to 3-D-glucuronide and sulfate, which reduces their bioactiv-
ity and facilitates urinary excretion. Following excretion, the parent
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compounds can be measured in urine and have been shown to be
valid biomarkers of exposure (Ye et al,, 2006).

It is important to understand the profiles of environmental exposure
to BPA, parabens and benzophenones in vulnerable populations, espe-
dally in developing countries where exposures remain largely
uncharacterized. In this context, the main goal of this pilot study was
to investigate urinary levels of BPA, four parabens (MP, EF, PP and BF)
and six benzophenones (BP-1, BP-2, BP-3, BP-G, BP-8 and 4-0H-BP) in
femmale volunteers from Tunisia. In addition, we aimed at identifying
some socio-demographic and dietary determinants of exposure in
order to set the basis for a large-scale biomonitoring study in Tunisia,

2. Material and methods
2.1. Study population

The participants of this pilot study were recruited from a control
population that was used in the context of a broader research project
with the basic aim of assessing environmental determinants of health
{Artacho-Cordén et al, 2015; Arrebola et al., 2015; Belhassen et al,
2015). From May to October 2012, healthy Tunisian women from the
Salah Azaiz Hospital (Tunis) and the Ariana Hospital {Ariana) were se-
lected at random from a healthy population of women that included
hospital visitors, hospital staff and blood donors, aged 18 years or
older. Inclusion criteria included being able to give informed consent,
to read and understand French and complete a questionnaire, and resi-
dence in the study area for at least 10 years. Exclusion criteria included
the presence of any hormone-related disease and hormonal therapy. Of
the 77 eligible women, 56 agreed to participate. 41 of the 56 women
provided a sufficient amount of urine. Since those 41 urine samples
were also used for other studies, only 34 samples were finally available
for the present study. All of the participants underwent a face-to-face
inte rview that covered socio-demographic factors, a full medical and re-
productive history and lifestyle habits. The study was approved by the
Ethics Committee of the corresponding hospital. All study data were
coded for confidentiality. Table 1 shows the characteristics of the
study population.

22 Sampling and chemical analyses

Single spot urine samples were used to assess exposure to the target
compounds. First-morning urine samples were collected in polypropyl-
ene containers pretested to ensure that they did not contain or leach
any of the compounds under study. All urine samples were frozen at
—20°C until they were shipped on dry ice (— 70 "C) to San Cecilio Uni-
versity Hospital, in Granada { Spain), where they were analyzed.

The applied methodology for the analysis of BPA, parabens ( MP, EP,
PP and BPF) and BP-type UV filters (BP-1, BP-2, BP-3, BP-5, BP-8 and 4-
OH-BP) was performed by dispersive liquid-liquid microextraction
{DLLME) and ultra-high performance liquid chromatography with tan-
dem mass spectrometry detection (UHPLC-MS/MS), as described in a
previous study (Vela-Soria et al., 2014) with slight modifications. In
brief, urine samples were thawed completely at room te mperatu e, cen-
trifuged at 2600 g for 10 min to sediment particulate martter and 2.5 mL
were taken to carry out the analysis. In order to determine total
amounts (free plus conjugated) of target compounds in urine, each
sample was spiked with 50 1L of enzyme solution {A-glucuronidase/sul-
fatase). The enzyme solution was prepared daily by dissolving 10 mg of
(-glucuronidase/sul fatase (3 10° U g solid ="} in 1.5 mLof 1 Mammoni-
um acetate buffer ( pH 5.0). After mixing, the sample was incubated at
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Table 1
Charaderistics of the study population.
N(%) M%)

Age (years) Parity
<45 years 17 (50.0%) Nulliparus 7 (206%)
=45 years 17 (50.0%) Multiparous 27 [ 79.4%)

Body mass index (BMI) Age at menarche
Normal weight (BMI < 25 kgind) 10 (29.4%) =13 years 17 [ 50.0%)
Over weight (25 <BMI < 20 ki) 17 (50.0%) =13 years 17 [ 50.0%)
Obese | BMI= 30 kgfm2 7 [20.6%) Accumulated lctation time

Marital status <14 months 18 [ 52.9%)
Single 5(14.7%) =14 months 16 [ 47.1%)
Married id fvorced 29 (B5.3%) Vegetables consumer

Oecupational class Yis 34 (1000%)
Homemakers 10 (29.4%) o 0 [0.0%)
Outsidde workers 24 (70.6%) Dairy products consumplion

Type of residence <1 perday 17 [ 50.0%)
Rural 6(176%) Everyday 17 [ 50.0%)
Urban 28 (BL4%) Meat consumption

Location <6 days per week 16 [ 47.1%)
North 31 (91.2%) =6 days per week 18 [ 52.9%)
South 3 (B.8%) Cereals consumption

Menopausal status <4 days per wieek 17 [ 50.0%)
Premenopausal 22 (64.TE) =4 days per week 17 ( 50.0%)
Postmen opeausal 12 (35.3%)

50 standard deviation; BMI: body mass index (kg/nt)

37 °C for 24 h. The treated urine was placed in a 15 mL screw-cap glass
tube and spiked with 20 uL of the surrogate standard solution (5 mgL™"
of EP-'"Cs, 2 mg L™ ' of BPA-d s and 2 mg L™ " of BP-d, ). Urine was di-
luted to 10.0 mL with 7% NaCl agueous solution {w/v) and the pH was
adjusted to 2.0 with HCL0.5 M. Next, 0.5 mL of acetone (disperser sol-
vent) and 0.75 mL of trichloromethane (extraction solvent) were
mixed and injected rapidly into the agueous sample with a syringe.
The mixture was gently shaken for 10 s, and centrifuged for 10 min at
2600 g. All sedimented phase volume was transferred to a clean glass
vial using a 1.0 mL micropipette. The organic phase was evaporated
under a nitrogen stream. The residue was dissolved with 100 pLof a
mixture consisting of methanol (0.1% ammonia) /water (0.1% ammo-
nia), 60:40 (v/v), vortexed for 30 s and placed ina 1.5 mL Eppendorf
tube, It was then centrifuged for 15 min at 24960 g and finally 5 pL
was injected in the LC system.

23. UHPLC-MS5/MS conditions

UHPLC-MS/MS analyses were performed using an ACQUITY UPLC™
H-Class {Waters, Manchester, UK), consisting of ACQUITY UPLC™ bina
ry solvent manager and ACQUITY UPLC™ sample manager. A Xevo TQS
tandem quadrupole mass spectrometer (Waters) equipped with an or-
thogonal Z-spray™ electrospray ionization (ESI) source was used for
BPA, parabens and benzophe nones detection. Chromatographic separa-
tion of compounds was performed using an ACQUITY UPLC BEH™ C18
(50 mm = 2.1 mm LD, 1.7 um particle size) from Waters. The gradient
mobile phase consisted of 0.1% (v/v) ammonia aqueous solution (sol-
vent A) and 0.1% (v/v) ammonia in methanol (solvent B). Gradient con-
ditions were as follows: 0,0-3.5 min, 60% B; 3.5-4.0 min, 60-100% B;
4.0-6.5 min, 100%B and back to 60% in 0.1 min. Flow rate was
0.25 mLmin™, The injection volume was 5 plL. The column temperature
was maintained at 40 °C.

The mass spectrometer was operated in both, positive and negative
ESI mode, using optimized MS/MS parameters as defined in a previous
study (Vela-Soria et al., 2014).

24. Calibration and quality control
Matrix-matched calibration curves were constructed plotting the
analyte /surrogate peak area ratio against the analyte concentration, in

synthetic urine, The synthetic urine was prepared as a 1 kg stock solu-
tion according to Inn et al. {Inn et al,, 2001). EP-"*Cg, BPA-d g, and BP-
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dyp were used as surrogates. Limits of detections (LODs) obtained
were 0.2 ng mL™" and limits of quantification (LOQs) were 0.5 ng mL™"
for all the selected compounds.

Urine samples were analyzed in duplicate and extracted in batches
of 6, with each batch containing 4 samples and 2 quality-control sam-
ples. These quality-control samples included one procedural blank of
synthetic urine and one level home-made quality control (5 ng mL™
for BPA and benzophenones and 15 ng mL™" for parabens). Samples
were frozen after extraction and injected in the LC-MS/MS in a single
batch, in the same order as they were prepared. Recoveries for all the
target compounds in the quality control spiked samples ranged be-
tween 89 and 108% and the coefficient of variation (CV) was < 15% for
all of them.

2.5. Independent variables

Socio-demographic characteristics, reproductive history, tobacco
and alcohol consumption were recorded using an ad-hoc questionnaire.
A dietary section with information regarding habits and frequency of
consumption of the main food groups (meat, dairy products, vegetables
and cereals ) was also included. None of the volunteers declared tobacco
or alcohol consumption and no information regarding exposure to sec-
ondhand smoke is available, Occupational class was gathered and clas-
sified as homemakers and occupation outside the home. Participants
were grouped according to their place of residence into women living
in Morthern Tunisia and women living in Southern Tun isia.

2.6. Statistical analysis

For the statistical analyses, EDC concentrations were log-transformed
for minimizing the influence of outliers. Variables were described using
geometric means (GM) and interquartile ranges. Urinary EDC concentra-
tions below the LOD were assigned a value of LOD,2. Chemical concen-
trations were expressed in ng mL™" and the statistical analyses were
performed without adjustment for creatinine or gravity. Because
ANOVA assumptions were not always fulfilled, the Mann-Whitney U-
test was used to compare levels of selected EDCs between socio-
demographic characteristics of the participants. The significance level
was set at p = 0.05. The R statistical computing environment v3.0
( hitp://www.r-project.org/) was used for data analyses.
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3. Results and discussion
3.1. Concentrations of studied EDCs

Frequencies of detection and concentrations of BPA, parabens and
benzophenones are shown in Table 2. All analyzed samples were posi-
tive for at least one EDC resid ue.

3.1.1. Bisphenol A

BPAwas found in 70.6% of the analyzed samples with levels ranging
from <LOD to 8.1 ng mL™", with a median concentration of 0.35 ng mL™".
Toour knowledge, this median value is one of the lowest ever reported.
BPA levels found in Tunisia were lower than those reported in Egypt by
Mahar and coworkers, who described a median concentration of
0.70 ng mL™" in girls from 10 to 13 years old (Nahar et al., 2012). Fre-
quency and range were also slightly higher in this Ezyptian population
(79%, range: <LOD to 12.0 ng mL™"). BPA was also higher detected
(B6.2%) in urine samples from general population from Saudi Arabia,
with levels ranging from 0.30 to 177 ng mL ™", and with a median con-
centration of 201 ng mL~" ( Asimakopoulos et al., in press).

It is also worth noting that BPA values obtained in the present study
are much lower than those recently found inwomen from European
countries such as Denmark (Frederiksen et al., 2013), Sweden
(Larsson et al, 2014), France (Philippat et al, 2012), Germany
(Kasper-Sonnenberg et al, 2012) and Spain {Casas et al,, 2011). Fre-
quency of detection for this European countries was 100%, or very
close, Luxembourg is the only European country showing lower per-
centages of detection {44.6% ) than our study (Covaci et al., 2015). This
was probably due to the high LOQ of the analytical method employed
(1.0 ng mL™"). The low BPA exposure found in Tunisia may be due to
specific characteristics and/or lifestyle habits of the study population
or to the substitution of BPA in the last vears for other compounds,
like bisphenol S and bisphenol F.

Table 3 shows total EDC urine concentrations found in the present
study together with those reported recently among women from
Europe and some Arab countries.

Table 4 shows the Spearman correlation between urinary concentra-
tions of the target compounds (BPA, parabens and benzophenones) in
the analyzed samples. As described previously (Frederiksen et al,
2013; Larsson et al., 2014; Asimakopoulos et al, in press), we did not
find correlation between BPA and the rest of compounds, suggesting
that the sources of BPA exposure are different from those of parabens
or benzophenones.

3.1.2 Parabens

Detection frequencies of parabens in urine of our study population
indicates that exposure to parabens is widespread among Tunisian
women, Levels of MP were found above the LOD in almost all samples
(94.1%) at a median concentration of 34.9 ng mL~". EP and PP were de-
tected in 67.6% and 70.6% of the samples, with a median concentration

of 1.8 and 3.1 ng mL™", respectively. Among the selected parabens, BP
showed the lowest detection rate (38.2%) with a median concentration
=02 ng mL™", Urinary median concentrations of parabens in Tunisia
were higher than in Saudi Arabia (Asimakopoulos et al, in press)
(117,023, 1.66 and 0.15 ng mL™" for MP, EP, PP and BP, respectively),
but with similar ranking of concentrations in both countries
{MP=>FP>EP>BF). InSaudiArabia, frequencies of detection were higher
for MP, EP and PP {100, 87.7 and B54%, respectively), and lower for BP
{11.5%).

Studies conducted in several European countries including France
(Philippat et al., 2012), Spain (Casas et al, 2011), Denmark
(Frederiksen et al., 2013; de Renzy-Martin et al., 2014) and Belgium
{Dewalque et al.,, 2014) reported that the highest concentrations
comesponded to MP, followed by PP, EP and BP, with slight differences,
for example, EP concentrations were higher than PP in Swedish women
(Larsson et al., 2014). The median concentrations of MP and EP found in
the present study were very similar to those reported for women in
Belgium {324 and 1.9 ng mL™", respectively) and in Sweden (40 and
24 ng mL™', respectively) (Dewalque et al., 2014; Larsson et al, 2014),
However, MF and PP levels were up to 5 times lower in Tunisian
women than in Spanish pregnant women (191.0 and 88 ng mL™", re-
spectively) (Casas et al, 2011). Regarding PP, the median concentration
found in Tunisian women was similar to that found in Belgian women
and in Danish pregnant women (3.3 ng mL™" and 42 ng mL™", respec-
tively) (Dewalque et al,, 2014; de Renzy-Martin et al, 2014), but higher
than the concentrations found in Danish and Swedish mothers (1.7 and
18ng mL™", respectively) (Frederiksenet al., 2013; Larssonet al, 2014),
and much lower than those found among Spanish and French pregnant
women (12.5 ng mL™" and 298 ng mL™', respectively) (Casas et al,
2011; Philippat et al., 2012), (Table 3).

Our findings are also in line with the low detection rates of BP found
in Denmark (Frederiksen et al., 2013; de Renzy-Martin et al,, 2014),
Sweden (Larsson et al,, 2014) and Saudi Arabia (Asimakopoulos et al,,
in press). In contrast, BP detection rates close to 90% were found in
France (Philippat et al,, 2012) and Spain (Casas et al, 2011).

In agreement with previous studies {Larsson et al, 2014;
Asimakopoulos et al, in press), our work shows a correlation between
urinary levels of MP and PP (r = 0.54, p = 0.01). This correlation is fre-
quently found because MP and PP are usually used in combination in
pharmaceuticals, personal care products and food processing
{Cosmetic Ingredient Review Expert Panel, 2008). We also found corre-
lation between urinary levels of MP and BP {r = 0.65, p = 0.01), EP and
BP (r = 067, p<001), PPand BP (r = 0.56, p < 0.01), and a weak but
statistically significant comelation between EP and PP (r = 0.37,
p =< 0.05). No correlation was found in our study between MP and EP
(r = 029, p = 0098) (Table 4). In contrast with our results,
Asimakopoulos et al.{in press) found no correlations between EP and
BF, PP and BF, or EP and PP, but found a weak but statistically significant
association between MPand EF (r = 0.31, p=005). An explanation for
this could be the differences between countries in terms of the paraben

Table 2
Levels of selected EDCs inurine samples (N =34).
Percentiles
E=L0D Mean + 50 Cearmetric méan Rz et P25 P50 P75

BP-1 3 (91.2%) 270 + 306 133 1155 053 182 178
BP-3 I (64.7%) 476 + 6.27 1.10 19.56 =L0OD 1.73 796
BPG 2 (5.9%) =100 all 0.56 =L0D =100 =L0D
BP-2 0 (0.0%) <l0D 010 - <L0D <100 <LOD
BPA 24 (70.6%) 1.12 £1.77 044 7.96 =L0D 035 1.40
4-0H 0 (0.0%) =100 010 - =L0D =100 =LOD
MP 32 (94.1%) T4EBG + 10127 30,10 40415 15.76 3404 B091
EP 3 (67.6%) 586 + 837 143 3794 <L0D 1.77 9.90
PP 24 (T0.6%) 1272 4 2975 203 165.59 <L0D 106 1254
BP 13 (38.27%) 462 + 1034 047 5233 <L0D =100 5.15

S0 standard deviation
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Table 3
BPA, paraben and benzophenone concentrations - medians at ngmL™" (%100 - found in urine samples from women from Europe and some Arab countries.
Country Year N Population MP EP Pp BP BPA BP3 Ref
France 2002-2006 191 Pregnant women 978 4.1 125 1.7 27 1.7 Philippat et al. (2012}
(100%)  (67.7%) (96.9%) (B76%) (98.5%) (B05%)
The Metherlands  2004-2006 100 Pregnant wamen 12 Yeetal. (2008)
(8Zx)
Spain 2004-2008 120 Pregnant women 191.0 BE 298 24 22 34 Casas et al. (2011)
(100%) (87.6%) (97.3%) (90.1%) (91%) (90.1%)
Germarny 2007-2008 104 Mothers 2.1 (100%) Kasper-Sonnenberg et al. (2012
Egypt 2009 57 Girls 0.70 (79%) Nahar et al. (2012)
Denmark 20m 145  Mothers 140 .89 1.7 =L0OD 21 7 Frededksen et al. (2013 )
(air) I(ili9) (B3%) (38%) (a7%) (a5x)
Sweden 201 76 Mathers 40 24 K] <L0D | 36.6%) 129 Larsson et al (2014)
(100%)  (94.7%) (BB.IX) (100%)
Denmark 201 200 Pregnant women 207 1.0 417 <LOD (3B%) 138 320 de Renzy-Martin et al. (20014).
(95%) (60%) (B3%) (89.5%) (97%)
Belgium 2011-2012 125 Pregnant women 230 Covaciet al. (2015)
{ 1047%)
Denmark 143 210
(9045
Luxermnbourg 56 =100
(44.6%)
Slovenia 106 197
(81.7%)
Spain 113 226
[96.5%)
Sweden 96 129
{ 100%)
Tunisia 2012 34 Wamen 3494 1.77 306 =02 035 1.73 Present study
(94.1%) (67.6%) (70.6%) (38.2%) (70.6%) [64.7%)
Belgium 2013 138 Waomen?® 324 19 33 as 1.7 Dewalque et al (2014)
(100%)  (97.1%)  (B9.1%) [58%) (83.3%)
Saudi Arabia 2014 130 General population 1.7 023 1.66 15 20 1002 Asimakopoulos et al, (in press)
- - (100%) (B77)  (B54) (115) [BE.2%) (654%)

* Children and adults

composition used in the manufacture of cosmetics, pharmaceuticals or
in food and beverage products (Moos et al., 2014).

3.1.3. Benzophenones

Out of the five selected benzophenones, BP-1 and BP-3 were conr
monly detected in our study population (91.2 and 64.7%, respectively),
whereas BP-6 was only found in 5.9% of the analyzed samples and nei-
ther BP-2 nor 4-0H-BP were detected. BP-1 concentrations ranged from
<LOD to 11.7 ng mL™", at a median concentration of 1.8 ng mL™", BP-3
concentrations ranged from <LOD to 19.7 ng mL™", at a median concen-
tration of 1.7 ng mL™". BP-3 and BP-1 have been habitually detected at
high rates in urine (Asimakopoulos et al., in press; Casas et al,, 2011;
de Renzy-Martin etal., 2014; Wang and Kannan, 2013 ). Median concen-
trations of BP-3 and BP-1 found in our study were higher than those re-
cently reported in Saudi Arabia (1.02 and 0.46 ng mL™", respectively).
Differences in detection rates were also found | lower for BP-3 (85.4%)
and higher for BP-1(100%) in Saudi Arabia]. In comparison with other
studies in Europe (Table 3), BP-3 levels in this study were fairly similar
to those observed in women from France ( Philippat et al,, 2012) and
Belgium (Dewalque et al,, 2014) but twofold lower than levels found

Table 4
Spearman correlation coefficient between urinary concentrations of selected EDCs
BP-1 BP-3 BPA MP EF PP BF
BP-1 -
BP-3 037 -
BPA 0.04 008 -
MP 043" 016 LIN )] -
EP 041 ol 020" 029 -
PP 056" 041 L1} ] 054" L1 -
BP LVL7) 023 0.06 LLE] 1] e 056" -

“pevalue <0.1; *pevalue <005, *=p-value <0.01
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in Spain (Casas et al, 2011) and Denmark ({ Frederiksen et al, 2013; de
Renzy-Martin et al., 2014 ).

Additionally, the studies on the detection of BP-2, BP-8, BP-G and 4
OH-BP are still scarce and provide differing results, particularly in detec-
tion rates (Asimakopoulos etal., in press; Kunisue et al, 2010; Vela-Soria
et al., 2014). Our results differ from those reported in Saudi Arabia
(Asimakopouloset al., in press) where 4-0H-BP, BP-2 and BP-8 were fre-
quently or moderately detected (100, 64.6 and 49.2%, respectively).

We found a statistically significant correlation between BP-3 and BP-
1(r=0.37, p=005),similar to that observed inSaudiArabia (r = 0.73,
p = 0.0001) (Asimakopoulos et al,, in press). We also found a moderate
butsignificant correlation between BP-3 and PP (r = 0.41, p <0.05) and
BP-1 and MP, EP, PP and BP (r = 0.41-0.61; p = 0.016-0.0001)
(Table 4). These findings suggest that BP-3 is probably used incombina-
tion with parabens in some commonly used products. No associations
were found between BP-3 or BP-1 and parabens in Saudi Arabia
{Asimakopoulos et al, in press).

32 Predictors of BPA, parabens and benzophenones

The analysis that assesses the influence of demographical and dietary
variables in the levels of exposure to the selected EDCs is shown in
Table 5. Due to the low number of samples with concentrations above
the LOD for BP-G, BP-8 and 4-0H-BP, analyses were not performed for
these compounds. A negative association was found between age and
urinary levels of PP, which was, however, only significant at a level of
alpha-error <0.1 {p = 0.09). This was probably due to a more frequent
use of personal care products in young adult women (=45 years) com-
pared with older women.

To our knowledge, there is little research on the relation between
exposure to BPA, parabens and bezophenones and reproductive charac-
teristics. In our study we found that premenopausal women showed
higher urinary levels of MP (p = 0.07), PP (p < 0.01), BP-1 (p = 0.05)
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and BP-3 (p = 0.07) than postmenopausal women, suggesting an age-
related association. A negative association was found between age of
menarche and urinary levels of PP (p = 0.04) and BP-3 (p = 0.02). Fur-
thermore, marital status was positively associated with urinary levels of
BP-3(p = 0.03).

Regarding urinary EDC levels and the place of residence, we found
that women living in rural areas showed higher levels of EF and BP-1
{p = 0,09 and p = 0.06, respectively) than women living in urban
areas. Regarding occupational class, we found that women working out-
side home showed higher urinary levels of PP than homeworkers (p =
0.06), suggesting a greater use of cosmetics and processed food in
women working outside home.

Our data on dietary habits showed that cereal consumption was pos-
itively associated with urinary levels of MP (p = 0.07). This might be ex-
plained by the migration of MP from antibacterial plastic packaging (Lu
et al, 2014),

At present, there is little scientific literature regarding the associa-
tion between exposure to BPA, parabens or benzophenones and s pecific
products, activities and demographic variables. Some studies have re-
ported increased concentrations of BPA in relation to consumption of
bottled water { Li et al., 2013; Engel etal, 2014 ). The only study available
aboutexposure to BPA in an African population reports a significant cor-
relation between urinary BPA concentrations and food storage in plastic
containers (Mahar et al,, 2012). As with the present study, Nahar et al.
did not find significant correlations between urinary BPA concentra-
tions and individual covariates such as age, body mass index (BMI) or
residential status. In contrast, some studies have reported a positive as
sociation between BPA exposure and BMI (Carwile and Michels, 2011;
Shankar et al, 2012). Others have showed inconsistent findings in rela-
tion to BPA. For example, while some authors found that canned fish
and exposure to smoke or second-hand smoke are important sources
of exposure to BPA in the general population (Braun et al., 2011a;
Casas et al., 2013; Berman etal, 2014), others have reported no suchas-
sociation (Lakind and Maiman, 2011). In the present study, smoking
habits could not be assessed because all the volunteers declared being
nonsmoker. Regarding parabens and benzophenones, studies focused
on predictors of exposure are much more limited. These studies found
lower concentrations of MP and EP in obese people than in people
with normal BMI {Meeker etal, 2011; Smith etal., 2012), positive asso-
ciation between BP and age (Meeker et al,, 2011), positive association
between BP-3 concentrations and age, BP and parity and BP-3 and in-
come status (Meeker et al,, 2013). In the present study, income status
was not assessed because all the volunteers were of the same income
level (200-500 €/month ). There are also inconsistent findings regarding
parabens. Thus, whereas Meeker et al. found no association between
paraben concentrations and smoking status (Meeker et al., 2011),
Engel et al. found that PP and MP concentrations were significantly
lower among current smokers compared with former or never-
smokers (Engel et al., 2014). Recent studies have examined the relation
between the use of personal care product and urinary concentrations of
parabens and benzophenones. Higher concentrations of parabens were
found in women who reported a higher use of personal care products
{Braun et al, 2014) and higher BP-3 concentrations in those who re-
ported use of sunscreens (Meeker et al., 2013).

The limitations of our study include the small sample size, which is
not representative of the general Tunisian female population, and the
lack of in-depth information regarding the use of personal care products
and behavioral and dietary habits {consumption of food and drinks in
cans and plastic containers, the heating of these containers, etc.). The
small sample size is insufficient for integration with epidemiclogical
studies. However, this is an exploratory study and despite the fact that
more research is needed, the results could set the basis for further epi-
demiological studies.

On the basis of the above, further studies like this one, on the levels
ofexposure to BPA, parabens and benzophenones and on the predictors
of exposure in different populations worldwide are needed, with special

Francisco Artacho Corddén

atte ntion to developing countries where exposure to these compounds
remains poorly characterized.

4. Conclusions

This is the first study that simultaneously describes levels of BPA,
parabens and benzophenones in urine from Tunisian women. All ana-
lyzed samples were postive for at least one EDC residue being MP and
BP-1 highly detected. In view of our results, further population-based
biomonitoring studies are warranted to elucidate exposure levels of
the Tunisian general population and to identify routes of exposure and
population groups at higher risk.
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7.3. Objective 3. Estimate the association between levels of single POPs and the risk of breast
cancer in a Tunisian population.
RISK OF FEMALE BREAST CANCER AND SERUM CONCENTRATIONS OF
ORGANOCHLORINE PESTICIDES AND POLYCHLORINATED BIPHENYLS: A
CASE-CONTROL STUDY IN TUNISIA

Arrebola JP, Belhassen H, Artacho-Cordén F, Ghali R, Ghorbel H, Boussen H, Perez-
Carrascosa FM, Expdsito J, Hedhili A, Olea N

Science of the Total Environment; Impact factor 4.099; 1% Quartile; 1% Decile

ABSTRACT

The aim of this study was to investigate the association between serum concentrations of a
group of organochlorine pesticides/polychlorinated biphenyls with xenoestrogenic potential and

the risk of breast cancer in a female population from Tunisia.

The relationship between serum levels of the pollutants and the risk of cancer was assessed
using logistic regression analyses. In the unadjusted models, B-hexachlorocyclohexane (p3-
HCH), hexachlorobenzene, heptachlor, polychlorinated biphenyl congeners 138, 153, and 180,
and p,p-dichlorodiphenyldichloroethylene (p,p’-DDE) were positively associated with breast
cancer risk. However, when the models were further adjusted for the selected covariates, only -
HCH and p,p -DDE remained statistically significant, and heptachlor was borderline significant.
In addition, analyses using POP concentration tertiles corroborated a positive dose—response
relationship that was significant for p,p -DDE (p-trend = 0.020) and borderline significant for
heptachlor (p-trend= 0.078). A similar trend was also confirmed for B-HCH, in which
concentrations > limit of detection were positively associated with breast cancer risk (vs.
concentrations < limit of detection, OR = 3.44, p < 0.05). Finally, the relative influence of each
chemical in the presence of the others was assessed by entering the three chemicals in a single
model with all covariates, and only B-HCH remained positively associated with the risk of
cancer (OR:1.18, 95%Cl: 1.05-1.34).

Our findings suggest a potential association between exposure to at least one organochlorine
pesticide and breast cancer risk. However, our results should be interpreted with caution, and

further research is warranted to confirm these findings.
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* We studied the association between persistent pollutants in serum and breast cancer.
* We performed a case—-control study in a Tunisian population.
+ Three organochlorine pesticides were individually assodated with cancer risk.
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The aim of this study was to investigate the assodation between serum concentrations of a group of organochlo-
rine pesticides/polychlorinated biphenyls with xenoestrogenic potential and the risk of breast cancerin a female
population from Tunisia.

The relationship between serum levels of the pollutants and the risk of cancer was assessed using logistic regres-
sion analyses. In the unadjusted models, [3-hexachlorocyclohexane ([3-HCH}, hexachlorobenzene, heptachlor,
polychlorinated biphenyl congeners 138, 153, and 180, and p p'-dichlorodiphenyldichloroethylene (p,p’-DDE)
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were positively assodated with breast cancer risk. However, when the models were further adjusted for the se-
Keywords: lected covariates, only 3-HCH and p,p’-DDE remained statistically significant, and heptachlor was borderline sig-
Breast cancer nificant. In addition, analyses using POP concentration tertiles corroborated a positive dose-response

Organochlorine pesticides
Polychlorinated biphenyls
Persistent organic pollutants
Endocrine disruptors

relationship that was significant for p,p’-DDE (p-trend = 0.020) and borderline significant for heptachlor (p-
trend = 0.078). A similar trend was also confirmed for [3--HCH, in which concentrations = limit of detection
were positively associated with breast cancer risk (vs. concentrations < limit of detection, OR = 3.44, p < 0.05).
Finally, the relative influence of each chemical in the presence of the others was assessed by entering the three
chemicals in a single model with all covariates, and only p-HCH remained positively associated with the risk of
cancer (OR:1.18, 95%Cl: 1.05-134).
Our findings suggest a potential association between exposure to at least one organochlorine pesticide and breast
cancer risk. However, our results should be interpreted with caution, and further research is warranted to con-
firm these findings.

@© 2015 Published by Elsevier B.V.

1. Introduction

Abbreviations: POPs, Persistent Organic Pollutants; PCBs, polychlorinated biphe-
nyls: p.p’-DDE, pp'-dichlorodiphenyldichloroethylene; HOB, hexachlorobenzene; (-
HCH, hexachlorocyclohexane; LOD, limit of detection; OR, odds ratio; Cl, confidence
interval.
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Breast cancer represents 33% of female cancers in Tunisia, with ap-
proximately 1600 new cases per year. Although this disease remains
less frequent in Tunisia than in European countries (Maalej et al.,
2008), the crude incidence increased from 25.5 cases/ 100,000 women
in 1995-1998 (RCNT, 1998 ) to 32.3 in 2004-2006 (RCNT, 2006). Breast
cancer is the leading cause of cancer death among Tunisian women
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(Lazaar-Ben et al,, 2011) and is estimated to be responsible for 22% of
the total cancer mortality (WHO, 2014).

This increasing incidence of breast cancer, which has been docu-
mented in most countries (Parkin et al., 2005; World Cancer Research
Fund International, 2014), can only be partially explained by improve-
ments in screening programs {Charlier et al., 2003a), and genetic factors
account for a small proportion of the incidence in women (Knower
et al,, 2014). Hence, environmental factors are estimated to play an im-
portant role in the pathogenesis of the disease.

The development of cancer is known to be a multifactorial process,
with many reported risk factors that have a hormonal component,
including age at menopause, menarche, and first pregnancy, parity, ac-
cumulated lactation time, time of reproductive life, use of hormonal con-
traception, hormone replacement therapy, or body weight (McPherson
etal., 2000). In fact, previous research has shown that breast cancer is
highly influenced by long-term elevated estrogen levels (Key et al.,
2002), which can be metabolized to mutagenic elements that eventual-
ly stimulate tissue growth and cause the initiation, promotion, and
progression of carcinogenesis (Yager and Davidson, 2006). This led re-
searchers to hypothesize that long-term exposure to environmental
pollutants with xenoestrogenic potential might make a significant con-
tribution to the process of carcinogenesis (Knower et al., 2014), In fact, a
recent epidemiological study concluded that women occupationally ex-
posed to chemicals with hormonal activity (e.g., agriculture, industry)
had an increased risk of developing breast cancer { Brophy et al., 2012).

POPs are a wide group of highly li pophilic environmental pollutants
that tend to accumulate and biomagnify in food chains, resulting in the
considerable exposure of living organisms (UNEP, 2003). POPs include
organochlorine pesticides, which have long been widely used in agricul-
ture and public health as highly effective pest control agents (UNEP,
2003), and also polychlorinated biphenyls ( PCBs), used worldwide in
numerous industrial and commercial applications (La Rocca and
Mantovani, 2006). Between 1980 and 1984, the Tunisian Government
banned the use and import of the organochlorine pesticides included
in this study (APEK, 2005). PCBs were widely used in electrical trans-
formers in Tunisia from the 1970s until their prohibition in 1986, A sit-
uation report estimated that there were 132 dump sites containing
OCPs/PCBs in the country (APEK, 2005). A previous study revealed
that approximately 89% of the stocks of obsolete pesticides were stored
in unsatisfactory conditions (Dasgupta et al., 2010), with the conse-
quent risk of contaminating the environment and humans.

POPs have been detected in virtually all human populations and en-
vironmental matrices, and diet (especially fatty food) has been reported
to be the main route for human exposure { Arrebola et al., 2009; Brauner
et al, 2012). Once absorbed, POPs are mainly stored in adipose tissue,
where they can be released or persist for long periods of time (Yu
etal, 2011).

There is evidence that exposure to some POPs can cause estrogen-
related effects, including an increase in uterine weight ( Adami et al.,
1995) or the promotion of estrogen-related tumors (Scribner and
Mottet, 1981). Among the suspected mechanisms of action, in vitro
studies have shown that many POPs can interact with estrogen and/or
androgen receptors and exert significant effects (Andersen et al,, 2002;
Bonefeld-Jorgensen et al., 2001; Grunfeld and Bonefeld-Jorgensen,
2004; Soto et al., 1994), which might be a consequence of their interac-
tion with other chemicals as well as with endogenous hormones
(Arrebola et al,, 2012). Additionally, there is evidence that POPs might
cause cancer by other mechanisms not related to estrogen receptors,
such as oxidative stress ( Karami-Mohajeri and Abdollahi, 2011).

The aim of this study was to investigate the association between
serum concentrations of a group of organochlorine pesticides/PCBs
with {anti-)estrogenic potentialand the risk of breast cancer in a female
population from Tunisia. These chemicals were chosen on the basis of
their suspected hormonal effects, the reported existence of obsolete
stocks in the region (APEK, 2005), and the frequency of their detection
in other populations.
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2_Materials and methods
2.1. Study population

This case-control study is part of a wider research project designed
to characterize the exposure to environmental pollutants in Tunisia
and related health outcomes {Artacho-Cordon et al,, in press; Belhassen
etal., 2015). The study population was consecutively recruited between
May and October 2012 from among patients attending the two main
specialist cancer centers in the country, Salah Azaiz Hospital { Tunis
state) and Ariana Hospital (Ariana state), which are both in the Grand
Tunis metropolitan area (Northern Tunisia). Cases were women with
breast cancer admitted to hospital for mastectomy, tumorectomy
(Salah Azaiz Hospital), or chemotherapy (Cancer Center of Ariana).
Out of the 96 eligible cases, 69 (72%) were finally included and provided
signed consent and a blood sample. Patients were included if they were
aged 18 years or over and able to give informed consent and complete a
questionnaire and excluded if they had a previous history of cancer or
evidenced distant metastasis at diagnosis. The control group was ran-
domly selected from among healthy female hospital visitors, hospital
staff, or blood donors who were aged 18 years and able to give informed
consent and complete a questionnaire. Out of the 77 women invited to
participate as controls, 56 (70%) were finally enrolled in the study. Bio-
logical samples were collected before surgery or chemotherapy. No sig-
nificant differences were found between included and excluded
participants in age, marital status, or occupational class (data not
shown in tables).

All participants signed their informed consent to participate in the
study, which was approved by the ethics committees of the hospitals.

2.2 Sample collection and extraction

Human serum samples were obtained under 12-h fasting conditions.
Samples from cases were collected at the time of diagnosis and before
any specific treatment. 2 mL serum was extracted using the methodol-
ogy described by Turci et al. (2010) with slight modifications. Briefly,
serum was spiked with p-chlorodibenzophenone as internal standard
and further extracted with methanol and hexane/ethyl ether (1:1 v/v).
The organic phase was reconstituted in 1 mL hexane and allowed to
pass through a Bond Elut-PCB cartridge. The sample elution was
performed with 3 ml hexane and 3 ml hexane/diethyl ether (1:1 v/v).
Finally, the eluate was evaporated to dryness under a stream of nitrogen
and stored at — 80 °C until chemical analysis.

2.3. Chemical analyses and lipid quantification

A group of organochlorine pesticides (p,p’-dichlorodiphenyl-
dichloroethylene [p,p’-DDE|, hexachlorobenzene [HCB|, [-
hexachlorocyclohexane [p-HCH|, ci-endosulfan, endosulfan ether,
heptachlor, and oxychlordane) and PCBs (congeners 138, 153, and
180) were quantified in the extracts by gas chromatography with
micro-electron capture detection, using a VARIAN CP-3800 equipped
with a ®3Ni electron capture detector {Walnut Creek, CA, US).

Procedural blanks were extracted with the same methodology and
analyzed in the gas chromatograph, always yielding a negative result.
Inter- and intra-day variabilities were calculated by analyzing fortified
samples within the same day (repeatability) and on different days (in-
termediate precision), respectively, and were always <20%, Different
concentrations of laboratory-fortified matrix samples were used for
the quality control. The LOD was determined as the smallest amount
of the analyte that gave a signal-to-noise ratio = 3 and was set at
0.05 pg/L for each POP. The recovery of POPs from serum was also stud-
ied to assess the extraction efficiency of the methods, spiking 10 serum
samples with target analytes at an intermediate point on the calibration
curve and processing them as described above, Recoveries ranged from
90 to 98%.
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POP concentrations were calculated by using matrix-matched cali-
bration. Concentrations below the limit of detection (LOD) were
assigned a random value between zero and the LOD, which was calcu-
lated by using the random numbers function of SPSS. In addition, we re-
peated the multivariable analyses considering concentrations < LOD as
one half of the LOD; no differences were observed with the associations
observed using the random value between zero and the LOD {data not
shown in tables).

Total cholesterol and triglyceride levels were enzymatically quanti-
fied in 10 pL of serum from each participant using a Covas 400 machine
(Roche, Switzerland ). Total serum lipids were calculated by applying
the short formula of Phillips et al. (1989): TL= 2.27 TC + TG + 0.623,
where TL is total lipids, TC is total cholesterol, and TG is triglycerides,
all expressed in units of g/L.

2.4. Covariates

Covariates were gathered in a questionnaire administered face-to-
face by a trained interviewer. It was completed by each participant
and collected information on their socio-demographic characteristics,
reproductive history, and lifestyle. A participant was considered a
smoker (past or present) at any level of daily tobacco consumption
(=1 cig/day). Age at menarche (years), accumulated breastfeeding
time (months), alcohol consumption (glasses/week), and age at last
breast feeding {years) were self-reported by the participants and re-
corded as continuous variables. Parity was recorded as both a continu-
ous (number of children) and dichotomous variable (nulliparous/= 1
children). The BMI, calculated as weight/height squared (kg/m?), served
as a measure of obesity,

Participants were classified according to their occupation as manual
workers, non-manual workers, or homemakers and according to their
residence in an urban or rural area. Self-reported information was also
collected on marital status, educational level, and menopausal status.
Data were also gathered from the clinical records of cases on the size
of the nodule, the presence of metastasis, and any family history of
breast cancer.

2.5. Stafistical analysis

Descriptions of the study variables in cases and controls were per-
formed using means, standard deviations and percentiles (quantitative
variables), and frequencies ( categorical variables ). Bivariate analyses for
the comparison between cases and controls were performed using
Mann-Whitney's U-test for continuous variables and Fisher's exact
test for categorical variables. The linear correlation between pairs of
POP concentrations was assessed with Spearman's correlation test. All
tests in the bivariate analyses were two-tailed, and the significance
level was set at p < 0.05.

The relationship between POP serum levels and breast cancer risk
was assessed by using unconditional logistic regression analyses, enter-
ing POP concentrations as continuous variables. In addition, the associ-
ations found were further explored by entering POP concentrations in
the models as tertiles, with the exception of 3-HCH and c-endosulfan,
which were entered as dichotomous variables (=LOD/ =LOD) because
of the low frequency of their detection. Bivariate models with individual
POP concentrations as independent variable were created and then ad-
justed for variables whaose inclusion produced changes of = 10% in beta
coefficients and for those described as relevant factors in the literature.
Finally, a single adjusted model was created that included all covariates
and POP concentrations significantly associated with breast cancer risk
in the previous adjusted models, i.e., 3p-HCH, heptachlor, and p,p'-DDE.
Odds ratios (ORs) for the risk of breast cancer with their corresponding
95% confidence intervals (95% Cls) were calculated, and trends were
evaluated with Mantel-Haenszel's chi-square test for linear trend. In
order to facilitate interpretation of the coefficients in Table 3, wet-
basis concentrations were all entered as ng/mL with the exception of
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p.p'-DDE (ng/dL), while lipid-basis concentrations were all entered as
mg/g lipid with the exception of p,p’-DDE (ng/g lipid). We considered
that POP concentrations were significantly associated with the risk of
breast cancer when the 95% Cls of the OR in the adjusted models did
not overlap the null value {1). Data were stored and processed using
SPSS Statistics 22.0 (IBM, Chicago, IL) and R statistical com puting envi-
ronment v3.1 {http://www.r-project.org/).

3. Results

The main characteristics of cases and controls are summarized in
Table 1. In comparison to controls, cases were older (median: 49 vs.
44 yrs, respectively) and had given birth to more children {median of
3 vs. 2 children, respectively). Among the cases, there was a larger pro-
portion (vs. controls) of homemakers (71.0% vs, 27.8%, respectively),
women with only primary schooling or less (76.8% vs. 35.2%, respective-
ly), post-menopausal women (50.7% vs. 25.9%), and residents in rural
areas (42.0% vs. 11.1%, respectively). No member of the control group
reported a family history of breast cancer, while 17 (24.6%) cases de-
clared at least one case of breast cancer in their family.

Table 2 exhibits the serum POP concentrations and detection fre-
quencies in cases and controls. Concentrations of p-HCH, heptachlor,
PCB 138, PCB 180, and p,p'-DDE were significantly or borderline signif-
icantly higher in cases than in controls. Due to the low number of posi-
tive samples, endosulfan-ether and oxychlordane were not further
considered in the statistical models. Spearman correlation tests among
individual POP concentrations are shown as Supplementary Material.

Table 3 exhibits the results of the logistic regression analyses for
both wet- and lipid-basis POP concentrations, which showed very sim-
ilar associations. In the unadjusted models, 5-HCH, HCB, heptachlor,
PCB 138, PCB 153, PCB 180, and p,p'-DDE were positively associated
with the risk of breast cancer, i.e., the risk increased with higher expo-
sure levels, However, when the models were further adjusted for the se-
lected covariates, only [5-HCH and pp’-DDE remained statistically
significant, and heptachlor was borderline significant. In addition,
analyses using POP concentration tertiles corroborated a positive
dose-response relationship that was significant for p,p’-DDE (p-
trend = 0.020) and borderline significant for heptachlor { p-trend =
0.078). A similar trend was also confirmed for 3-HCH, in which
concentrations = LOD were positively associated with breast cancer
risk (vs. concentrations < LOD, OR = 3.44, p < 0.05). Finally, the relative
influence of each chemical in the presence of the others was assessed by
entering the three chemicals as continuous variables in a single model
with all covariates, and only 2-HCH remained positively associated
with the risk of cancer (OR:1.18, 95%Cl: 1.05-1.34, wet-basis concentra-
tions, data not shown in tables). In an attempt to assess the potential ef-
fect modification of the associations found, we searched for interactions
between POP concentrations in the final model by entering the follow-
ing interaction terms: B-HCH = heptachlor, 3-HCH = p,p’-DDE, and
heptachlor = p,p'-DDE; however, no statistically significant interaction
was found (data not shown in tables).

4. Discussion

In our study, high serum concentrations of 3-HCH, p,p’-DDE, and
heptachlor were associated with a greater risk of breast cancer in the
adjusted models, and only 3-HCH remained positively associated
when the three chemicals were entered in a single model with all
covariates, Many OCPs and PCBs have proven to interact with estro-
gen and/or androgen receptors (Bonefeld Jorgensen et al., 1997;
Bonefeld-Jorgensen et al., 2001; Grunfeld and Bonefeld-Jorgensen,
2004; Sonnenschein and Soto, 1998; Soto et al., 1998), and epidemi-
ological efforts have traditionally focused on hormone-dependent can-
cers, e.g., breast and prostate tumors (Xuet al, 2010). In this regard, the
endocrine disrupting properties of these chemicals have been demon-
strated in previous studies. 3-HCH has been reported to promote
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Table 1
Description of the study population.
Cases (n = 69) Controls (n = 54) p-Value
Mean spe Percentiles Mean sp Percentiles
25th 50th 75th 25th 50th 75th
Age (years) 499 110 420 490 575 439 8.7 38.0 43.5 50.0 0.001
Body mass index (kg/m?) 271 55 229 262 305 26.7 4.4 238 26.1 28.6 0967
Age at menarche (vears) 13.0 16 120 130 140 129 1.5 12.0 13.0 13.3 0881
Number of children 28 20 15 30 40 2.2 1.4 1.0 20 3.0 0.056
Accumulated breastfeeding time (months) 314 385 20 180 480 233 283 53 12.0 36.0 0.663
Age at last breastfeeding (years) 271 148 270 320 380 285 13.0 283 325 36.8 09m
Size of first nodule {cm) 23 26 03 18 35 - - - - -
n % n 4
Marital status 0.999
Single 10 145 8 14.8
Married/divorced 59 855 46 85.2
Occupational class =0.001
Homemaker 49 710 15 278
Manual worker 5 73 8 14.8
Non-manual worker 15 217 £} 57.4
Education =0.001
Up to primary 53 76.8 19 35.2
Secondary 4 58 2 40.7
University 12 174 13 241
Residence =0.001
Urban 40 580 48 88.9
Rural 29 420 6 11.1
Menopausal status 0.006
Pre menopausal 34 493 40 741
Post menopausal 35 507 14 259
Parity 0133
Nulliparous 14 203 8 14.8
=1 children 55 797 46 85.2
Family history of breast cancer 17 246 0 0.0 -
Smoker 2 29 2 3.7 0.999
Alcohol consumption 0 00 0 0.0 -
* Standard deviation.
tumors in mice (Wong and Matsumura, 2007), as well as the transfor- human breast preneoplastic and cancerous cell lines (Shelkhar et al.,

mation and invasiveness of human MCF-7 breast cancer cells (Zou and 1997), and to modulate estrogenic function in rainbow trout hepato-
Matsumura, 2003). In addition, heptachlor has been shown to induce cytes (Okoumassoun et al., 2002). However, Kim et al. (2011) found
estrogenic effects in various in vitro assays (Chow et al, 2013) or no evidence of estrogenic activity induced by heptachlor in a stably

Table 2
POP concentrations in cases and controls
Cases (n = G3) Controls (n = 54) p-Value
%=L0D* Mean  SDY Percentiles %=10D* Mean  SD® Percentiles
25th 50th 75th 25th 50th 75th
[-HCH ng/mL 55.1 0.14 0.32 <LOD 0.05 011 333 <LOD - <l0D <l0OD 0,05 0.005
ng/g lipid 2517 57.74 <LOD 929 1806 <LOD - <l0D <l0OD a51 0.003
oe-Endosulfan ng/mL 26.1 =LOD - <L0OD <LOD 005 333 <LOD - <00 <L0D 0,05 0.508
ng/g lipid - - <LOD <LOD 776 <L0D - <00 <LOD 7.92 0.531
Endosulfan-ether  ng/mL 00 =L0D - =L0D =L0D =1L0D 0.0 <L0D - <00 <LOD =LOD -
ng/g lipid =L0D - =L0D =L0D =1L0D <L0D - <00 <LOD =LOD -
HCB ng/mL 42 0149 0.16 0.09 013 0.22 100 014 0.06 0.09 0.12 016 0151
ng/g lipid 3348 2923 17.09 21.60 4024 2301 10,02 1825 1998 2822 0z2m
Heptachlor ng/mL 899 013 0.09 0.07 01z 0.15 79.6 0.09 0.06 0.05 0.08 011 0.om
ng/g lipid 2249 15.12 13.05 19,90 2657 14.88 14.86 6.36 1239 16.33 0.001
Oxychlordane ng/mL 72 =LOD - <L0OD <LOD <L0D 3.7 <LOD - <00 <L0D <LOD 0.740
ng/g lipid =L0D - <LOD <LOD <L0D <LOD - <00 <LOD <LOD 0.582
PCB 138 ng/mL 986 021 0.10 0.14 0.18 023 100 017 0.08 013 0.15 0,18 0.003
ng/g lipid 37.74 1937 25.68 3145 4260 28.59 16.64 2226 2608 3133 .00z
PCB 153 ng/mL 100 07z 0.27 0.53 068 083 100 0.68 021 054 0.62 076 0463
ng/g lipid 131.54 5158 94.13 11895  149.07 11907 3596 8890 11199 14957 0412
PCB 180 ng/mL 986 023 0.12 0.15 0.19 027 981 0.18 0.06 0.14 0.17 023 0.087
ng/g lipid 41.35 2457 26.05 3478 49,01 31.74 11.00 2276 2984 4044 0,095
p.p’-DDE ng/mL 100 210 3.05 0.60 1.07 208 98.1 1.07 1.18 038 0.60 1.53 0.009
ng/g lipid 381.97 56249 10618 19649 36286 21505 21472 6602 12750 27693 0008

* Limit of detection.
" Standard deviation.
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Table 3
Serum POP concentrations and risk of breast cancer. Logistic regression analyses.

Wet-basis model

Lipid-basis model

Unadjusted model Adjusted model”

Unadjusted model Adjusted model”

OR 95% C1" OR 95% 1" OR g5% 1" OR 95% C1”
Lower Upper Lower Upper Lower Upper Lower Upper
-HCH (ng/dL) 1.09%* 102 119 1167 105 130 105% 101 111 1.10%* 103 1.18
<LOD 1.00 - - 100 - - 100 - - 100 - -
=LOD 2457 1.18 521 3447 130 972 245 118 521 344%° 130 9.72
ce-Endosulfan (ng/dL) 099 092 1.07 096 087 1.06 100 095 1.04 098 092 1.03
<LOD 1.00 - - 100 - - 100 - - 100 - -
=LOD 071 032 1.54 072 025 1.98 071 032 1.54 072 025 1.98
HCB (ng/dL) 1047 101 1.09 104 098 112 103" 100 1.06 102 099 1.07
Ti 1.00 - - 100 - - 1.00 - - 1.00 - -
T2 091 038 2.16 1495 058 6.99 0.55 023 1.32 121 036 4.15
T3 205 0.4 513 273 062 1301 1.89 077 4.80 294 068 13.80
Heptachlor (ng/dL) 109" 103 117 106 100 1.15 1.05%* 101 1.09 1.03° 100 1.08
T1 1.00 - - 100 - - 1.00 - - 1.00 - -
T2 134 056 3.24 131 042 414 1.34 056 3.24 127 0.40 407
T3 5027 197 1374 324" 092 1218 502°" 197 13.74 287 093 1063
PCB 138 (ng/dL) 1.06™ 101 112 103 097 1.10 1.04%* 101 1.07 1.02 0.99 1.06
T1 1.00 - - 100 - - 1.00 - - 1.00 - -
T2 148 062 3.58 206 058 7.77 1.22 051 2092 231 0.67 8.54
T3 438™ 1.74 1167 440 090 1888 3.96"* 158 1052 299 0.75 1342
PCB 153 (ng/dL) 1017 099 1.02 101 098 1.03 101" 100 1.02 101 099 1.02
Tl 1.00 - - 100 - - 100 - - 1.00 - -
T2 101 042 239 108 030 391 091 038 216 063 017 2.16
T3 135 056 3.28 123 029 531 150 062 3.66 125 031 5.11
PCB 180 (ng/dL) 105°° 101 110 103 096 110 103" 101 1.05 101 098 1.06
Tl 1.00 - - 100 - - 100 - - 1.00 - -
T2 134 056 323 128 036 467 148 062 3.58 133 040 4.45
T3 182 076 446 162 037 7.32 164 069 3.99 111 026 4.64
p.p'-DDE (ng/mL) 1337 1.06 1.83 1727 111 313 118" 1.04 1.42 137 1.07 1.94
T1 1.00 - - 100 - - 1.00 - - 1.00 - -
T2 373" 152 957 779°" 204 3531 27177 112 6.75 626 162 2833
T3 3007 124 7.54 708" 115 3847 3.017° 124 7.58 965" 1.81 6333

In order to facilitate inter pretation of the coefficients, wet-basis concentrations were all entered in units of ng/mL, with the exception of pp*-DDE (ng/dL), while lipid-basis concentrations

were all entered in units of mg/g lipid, with the exception of p,p-DDE (ng/g lipid).
NS: Not statistically significant. T: Tertiles of POP concentrations,

* Adjusted for age, body mass index, occupational class, residence, education, accumulated lacation time, parity, menopausal status, family history of breast cancer, total serum lipids.

b Confidence interval.
* p<0.100,
=* b < 0.050.

transfected human estrogen receptor-ce transcriptional activation
assay. Furthermore, researchers using MCF-7 breast cancer cells
observed that several constituents of the pesticide DDT (i.e., o,p'-DDT,
o0,p'-DDE, p,p’-DDT, and p,p’-DDE) induced cell proliferation ( Andersen
et al., 1999; Shekhar et al,, 1997; Soto et al.,, 1995).

In addition, there is a growing evidence that these chemicals might
also cause cancer via other action mechanisms, including: disruption
of the epigenomic landscape in cancers (reviewed by: Knower et al.,
2014), the induction of enzymes that produce genotoxic intermediates
and DNA adduct (Yanez et al., 2004), and an increase in reactive oxygen
and nitrogen species through the induction of cytochrome P450 or mi-
tochondrial alterations ( Karami-Mohajeri and Abdollahi, 2011). This
issue becomes even more complex if we take into account evidence of
potential gene-environment interactions affecting the putative rela-
tionship between POP exposure and breast cancer, which include a po-
tential modifying effect of cytochrome P4501A1 (CYP1A1) and the p53
gene on the effect of PCBs on cancer (Hoyer et al., 2002; Laden et al.,
2002; Moysich et al, 1999; Zhang et al., 2004).

At an epidemiological level, a number of studies have investigated
the association between human exposure to POPs and the risk of breast
cancer, but their conclusions have been controversial, with some au-
thors reporting positive associations but many others finding no evi-
dence to support a causal association (Cassidy et al., 2005; Charlier
et al, 2003a,2003b; Demers et al., 2000, 2002; Gatto et al., 2007;
Hoyer et al,, 2001; ltoh et al, 2009; Laden et al., 2001; Lopez-Carrillo
et al., 1997, 2002; Lopez-Cervantes et al., 2004; Olaya-Contreras et al.,,
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1998; Recio-Vega et al, 2011; Snedeker, 2001; Ward et al., 2000;
Wolff et al., 2000a,2000b; Zheng et al., 1999a,1999b). Hoyer et al.
(2001) found no association between organochlorine pesticides and
breast cancer but observed that they might contribute to a worse prog-
nosis. These discrepancies may be attributable tovarious factors, includ-
ing differences in study designs, in biological matrices used to estimate
exposure, and in target populations, with highly varied historical and
current exposure levels to POPs and distinct ethnicities, age groups
and/or dietary patterns. Epidemiological studies reporting positive as-
sociations also differ in the chemicals responsible for the observed ef-
fect, including POPs such as DDT and HCB (Charlier et al., 2003a), p,p'-
DDE (Olaya-Contreras et al., 1998), or PCBs (Recio-Vega et al., 2011).
We cannot rule out that the associations found with single chemicals
are a surrogate of exposure to other unmeasured pollutants with similar
physicochemical properties or even to mixtures of pollutants that exert
a combined effect. In fact, heptachlor epoxide levels (an oxidation prod-
uct and one of the most important metabolites of heptachlor) were pre-
viously found to be positively associated with the prevalence of breast
cancer in biopsies and to contribute to the initiation, promotion, and
progression of cancer (Cassidy et al., 2005). Likewise, the risk of breast
cancer was found to increase with higher adipose tissue concentrations
of the pesticide lindane (in which B-HCH is commonly present) in a
case-control study of a female population recruited in Southemn Spain
(Ibarluzea et al., 2004). The concentrations of many POPs are often pos-
itively correlated, which poses methodological problems in the statisti-
cal modeling (Holford et al, 2000). In this regard, our population
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showed positive correlations between P-HCH and HCB levels
(Spearman coefficient = 0.27, p < 0.05, Supplementary Material) and
between heptachlor and the concentrations of the three PCB congeners
(Spearman coefficients = 0.2-0.3, p < 0.05, Supplementary Material ). In
ourstudy, no statistically significantinteraction was found between POP
concentrations in the final model. However, there is a need to develop-
ing biomarkers of combined effects in order to improve our understand-
ing of potential interactions among che micals. Assessment of the effects
of human exposure to environmental chemicals is a highly compli-
cated issue, given that most individuals are exposed to complex mix-
tures of chemicals that can exert synergic and/or antagonistic effects
(Aube et al., 2011) and can interact with endogenous hormones
(Bonefeld-Jorgensen et al., 2014; Sonnenschein and Soto, 1998; Soto
et al, 1998). In a study of a population from the Canary Islands
(Spain), Boada et al. (2012) concluded that a combination of aldrin,
p,p’-DDE and dichlorodiphenyldichloroethane may represent a risk fac-
tor for breast cancer.

The development and treatment of cancer usually implies modifica-
tions in metabolism and adipose tissue mobilization, which might alter
serum POP concentrations (Boadaetal, 2012). Hence, it is theoretically
possible that the higher concentrations observed in cases are a conse-
quence of the disease rather than the other way round. However, as ar-
gued by Charlier et al. (2003b), this seems unlikely given that samples
were taken at the time of diagnosis in individuals with no history of can-
cer and before the start of chemotherapy or radiotherapy.

The use of serum POP concentrations has some limitations in com-
parison to adipose tissue. It has been reported that serum POP levels
are good estimators of ongoing exposure but not always of long-term
exposure, because they can be affected by lipid mobilization and current
exposure levels (Archibeque-Engle et al,, 1997; Crinnion, 2009), How-
ever, in the present study, all women were sampled under 12-h fasting
conditions and adjustment for total serum lipids was performed in
the multivariable models, which are known methods for minimizing
this bias, at least in part (Charlier et al., 2003b; Schisterman et al.,
2005).

No adjustment for food intake was performed in the present study.
Diet, especially of animal origin, has been acknowledged as an impor-
tant risk factor for cancer (Vieira et al., 2011) but is also responsible
for most of the POP exposure in the general population (Agudo et al,
2009). Our hypothesis is that previously observed positive associations
between the consumption of certain fatty foods and cancer risk (Jordan
et al., 2013; Khodarahmi and Azadbakht, 2014) might be partially
caused by the POP present in these food items. Therefore, we consider
that adjustment for diet would imply the inclusion of covariates that
are in the same causal pathway (diet < POPs = cancer).

In the present study, serum concentrations of organochlorine pesti-
cides were comparable to those reported previously in some popula-
tions in Tunisia (Ben Hassine et al., 2014; Ennaceur and Driss, 2010)
and other Mediterranean countries, such as Egypt (Ahmed et al.,
2002), ltaly (Bergonzi et al., 2009), Spain (Llop et al., 2010), or Greece
(Vafeiadi et al., 2014). However, PCB concentrations were in general
higher than those reported in other Tunisian populations and were
comparable to those reported in more industrialized Mediterranean
countries such as [taly { Bergonzi et al., 2009) and Spain (Llop et al.,
2010), which may be attributable to the recent rapid technological de-
velopment of Tunisia.

Although the sample size of our study was relatively limited, it
yielded significant results that were consistent in both bivariate and
multivariable models. The findings of the present study suggest a poten-
tial association between baseline serum concentrations of at least one
organochlorine pesticide and breast cancer, underlining the need for
measures to reduce current exposure levels. However, our results
should be interpreted with caution and need to be verified in further
studies.

Supplementary data to this article can be found online at http://dx.
doLorg/10.1016/j.scitotenv.2015.03.045.
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7.4. Objective 4. Investigate whether the combined effect of xenoestrogens circulating in the
blood is associated with the risk of breast cancer in a population-based multicase-control
study in Spain
TOTAL EFFECTIVE XENOESTROGEN BURDEN IN SERUM SAMPLES AND RISK
FOR BREAST CANCER IN A POPULATION-BASED MULTICASE-CONTROL
STUDY IN SPAIN

Pastor-Barriuso R, Fernandez MF, Castafio-Vinyals G, Whelan D, Pérez-Goémez B, Llorca J,
Villanueva CM, Guevara M, Molina-Molina JM, Artacho-Corddn F, Barriuso-Lapresa

L,Tusquets I, Dierssen-Sotos T, Aragonés N, Olea N, Kogevinas M, Pollan M

Environmental Health Perspectives; Impact factor 7.980; 1% Quartile; 1* Decile

ABSTRACT

BACKGROUND: Most studies on endocrine disrupting chemicals and breast cancer have
focused on single compounds with inconclusive findings.

OBJECTIVES: We assessed the combined estrogenic effect of mixtures of xenoestrogens in
serum and its relation to breast cancer risk.

METHODS: A total of 186 incident pretreatment breast cancer cases and 196 frequency
matched controls were randomly sampled from a large population-based multicase-control
study in Spain. The total effective xenoestrogen burden attributable to organohalogenated
xenoestrogens (TEXB-a) and endogenous hormones and more polar xenoestrogens (TEXB-f)
were determined in serum samples by using high-performance liquid chromatography
separation and E-Screen bioassay. Odds ratios for breast cancer comparing tertiles of serum
TEXB-a and TEXB- were estimated using logistic models, and smooth risk trends using spline
models.

RESULTS: Cases had higher geometric mean TEXB-a and TEXB-f levels (8.32 and 9.94 Eeq
pM/mL) than controls (2.99 and 5.96 Eeq pM/mL, respectively). The fully-adjusted odds ratios
for breast cancer (95% confidence intervals) comparing the second and third tertiles of TEXB-a
with the first tertile were 1.77 (0.76, 4.10) and 3.45 (1.50, 7.97), and those for TEXB-B were
2.35(1.10, 5.03) and 4.01 (1.88, 8.56). A steady increase in risk was evident across all detected
TEXB-a levels and a sigmoidal trend for TEXB-f. Individual xenoestrogens showed weak and
opposed associations with breast cancer risk.

CONCLUSIONS: This is the first study to show a strong positive association between serum
total xenoestrogen burden and breast cancer risk, thus highlighting the importance of evaluating

xenoestrogen mixtures, rather than single compounds, when studying hormone-related cancers.

Francisco Artacho Corddén PhD thesis



I 7. Results and discussion

Francisco Artacho Corddén PhD thesis



10

11

12

13

14

15

16

17

18

19

20

21

2

23

Environmental exposure to hormone-mimicking chemicals and risk of hormone-dependent cancer _

Accepted: 05" of May, 2016. Environmental Health Perspectives

Total Effective Xenoestrogen Burden in Serum Samples and Risk for Breast

Cancer in a Population-Based Multicase-Control Study in Spain

Roberto Pastor-Barriuso.”" Mariana F. FE‘TﬂEi:I.ldEZ,E'}‘ Gemma {:'asraﬁo—‘e’in}=ala,]:4:s=ﬁ Dems
Tl?Jhelan_,l"T:s Beatniz Perez—Gnmez,l:] Javier Llorc a,z'g Cristina M. "3.;'i].1at1u~n-‘a,3'4:S:{S Marcela
G’uevara,z'm Jose-Manuel Molina M::-lina,s Francisco Aﬂachc—(?mdﬂnf Laura Barniuso-

Lapresa.”'? Ignasi Tusquets.”' " Trinidad Dierssen-Sotos.”” Nuria Aragonés.’” Nicolas Olea.””

Manolis Kogevinas,**** and Marina Pollan’*

"Wational Center for Epidemiology, Carlos III Institute of Health. Madrid, Spain; ‘Consortium
for Biomedical Research in Epidemiology and Public Health (CIBERESP). Madrid, Spain;
*Biosanitary Institute of Granada (ibs. GRANADA), University of Granada. Granada. Spain:
*Center for Research in Environmental Epidemiology (CREAL), Barcelona, Spain: “Hospital del
Mar Medical Research Institute (IMIM). Barcelona, Spain; “Pompeu Fabra University (UPF),
Barcelona, Spain: ?USA—Spain Fulbright Commission for Cultural. Educational. and Scientific
Exchange. Madrid. Spain: *Department of Biostatistics and Bioinformatics. Rollins School of
Public Health. Emory University. Atlanta, Georgia. USA; “Division of Epidemiology and
Computational Biology. School of Medicine, Umiversity of Cantabria, Santander, Spain; U public
Health Institute of Navarra. Pamplona, Spain; ""Medicine Department. Autonomous University
of Barcelona, Barcelona, Spain; “Medical Oncology Department, Hospital del Mar, Barcelona,
Spain

*These authors contributed equally to this work.

Francisco Artacho Corddén PhD thesis



100

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

7. Results and discussion

Corresponding author: M. Pollan. National Center for Eprdemuiology. Carlos III Institute of
Health. Monforte de Lemos 3, 28029 Madnd. Spain. Telephone: +34 91 822 26 35. E-mail:

mpollanfisci.es

Running title: Serum total xenoestrogen burden and breast cancer

Acknowledgments

This study was partially supported by Accion Transversal del Cancer, approved by the Spamsh
Minmistry Council on October 11, 2007 Carlos ITI Institute of Health (grants PIOE/1770,
PI09/00773-Cantabria. PI11/00610. PI12/00265, PI12/00488, PI12/00713, and PI12/01270); and
Fundacion Marqués de Valdecilla (grant API 10/09). Biological samples were stored at biobanks
supported by the Carlos IIT Institute of Health and the European Regional Development Fund

(MAR Biobank RD09/0076/00036 and ISCIII Biobank RD0%/0076/00108).

Competing financial interests

The authors declare they have no actual or potential competing financial interests.

Francisco Artacho Corddén PhD thesis



41

42

43

45

46

47

48

61

62

63

Environmental exposure to hormone-mimicking chemicals and risk of hormone-dependent cancer 101

Abstract

BACKGROUND: Most studies on endocrine disrupting chemicals and breast cancer have focused
on single compounds with inconclusive findings.

OBIECTIVES: We assessed the combined estrogenic effect of mixtures of xenoestrogens in serum
and 1ts relation to breast cancer risk.

METHODS: A total of 186 mncident pretreatment breast cancer cases and 196 frequency-matched
controls were randomly sampled from a large population-based multicase-control study in Spain.
The total effective xenoestrogen burden attributable to organchalogenated xenoestrogens
(TEXB-u) and endogenous hormones and more polar xenoestrogens (TEXB-f) were determmned
in serum samples by using ligh-performance liquid chromatography separation and E-Screen
bioassay. Odds ratios for breast cancer comparing tertiles of serum TEXB-a and TEXB- were
estimated using logistic models. and smooth nisk trends using spline models.

RESULTS: Cases had higher geometric mean TEXB-o and TEXB-f levels (8.32 and 9.94 Eeq
pM/mL) than controls (2 99 and 3 96 Eeq pM/mL., respectively). The fully-adjusted odds ratios
for breast cancer (93% confidence mntervals) comparing the second and third tertiles of TEXB-a
with the first tertile were 1.77 (0.76, 4.10) and 3.45 (1.50, 7.97). and those for TEXB-f were
235(1.10,5.03) and 4.01 (188, 8.36). A steady increase in risk was evident across all detected
TEXB-u levels and a sigmoidal trend for TEXB-f. Individual xenoestrogens showed weak and
opposed associations with breast cancer nisk.

CoNCLUSIONS: This 1s the first study to show a strong positive association between serum total
xenoestrogen burden and breast cancer nisk. thus highlighting the importance of evaluating

xenoestrogen mixtures, rather than single compounds, when studying hormone-related cancers.
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Introduction

Malignant breast tumors are the leading cause of cancer in women worldwide in terms of
incidence and mortality (Ferlay et al. 2013). In spite of efforts to elucidate breast cancer etiology,
genetic determinants and well-established risk factors explain a limited amount of the global
burden of this disease (Bames et al. 2011; Howell et al. 2014: Sprague et al. 2008). It 1s
noteworthy that most recognized determinants of breast cancer. such as reproductive history.
alcohol mntake. obesity, and use of hormone therapy. exert their effect. at least in part, by
modifying the time and intensity of the exposure of the mammary gland to steroidal hormones
{Brown and Hankinson 2015; Hilakivi-Clarke et al. 2013; MacMahon 2006; Renehan et al. 2013;
Seitz etal. 2012).

Laboratory studies, specifically rodent models. support the implication of environmental
pollutants in breast cancer development (Dhimolea et al. 2014; Rudel et al. 2007). Endocrine
disrupting chenucals (EDCs) are among the 17 chemical groups priontized for evaluation mn
epidemiological studies on breast cancer (Rudel et al. 2014) due to their potential to act as
xenoestrogens or modulate the estrogenic activity via different pathways (Gibson and Saunders
2014; WHO/UNEP 2013). Hundreds of EDCs are present in human breast tissue. but
epidemiological evidence linking these substances with breast cancer 1s inconclusive
{(WHO/UNEP 2013). Most previous studies have focused on individual EDCs with weak
estrogenic effects, thus failing to consider multiple exposures and interactions involving different
EDCs and physiological hormones (Fermandez et al. 2014). Functional tests measuring the
combined estrogenic activity of mixtures of EDCs offer a promising approach for an aggregated
exposure assessment. A case-control study reported a positive association between the combined

effect of environmental estrogens in human adipose tissue and breast cancer risk (Ibarluzea et al.
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87  2004). Adipose tissue, however, 1s difficult to obtain in population-based studies. and 1t would be
88  of great practical value to assess the estrogenic potential of EDC muxtures present in blood

89  samples (Rudel et al. 2014).

90 In the present study, we measured the combined estrogenic activity of mixtures of

91  =xenoestrogens in serum samples and evaluated its relation to breast cancer risk in a subsample of
92  cases and confrols from a large population-based multicase-control study i Spain (MCC-Spain).
93 Methods

94 Srudy population. MCC-Spain (http:/www.meespain org) 1s a population-based multicase-

95  control study conducted between 2008—2013 in 12 Spanish provinces to identify environmental,
96  personal, and genetic factors related to five common cancers, including breast, prostate,
97  colorectal, stomach. and chronic lymphocytic leukenua. The study design has been previously
98  reported (Castano-Vinvals et al. 2013). Briefly, the study recruuted 6,082 histologically
99  confirmed mcident cancer cases aged 20—835 vears, mcluding 1.750 breast cancers, 1.115 prostate
100 cancers. 2,171 colorectal cancers, 492 gastro-oesophageal cancers. and 554 cases of leukemia, as
101 well as a single set of 4,101 population controls. The response rates were 69% among breast
102  cancer cases and 54% among female controls. All participants completed computer-assisted
103 personal interviews on sociodemographic factors, self-reported anthropometric data, lifestyle,
104  reproductive history, hormonal factors, medications, and personal and family medical history.
105  Blood samples were collected from 76% of participants. The study was approved by the ethics
106  commnuttees of the participating mstitutions. Wnitten informed consent was obtained from each
107  participant.
108 For this analysis, we randomly selected 204 breast cancer cases among those who agreed to

109  donate blood samples in the provinces of Madnd, Barcelona, Navarra, and Cantabnia and 204
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female controls frequency-matched to cases by province, 3-vear age interval. and 2-unit category
of body mass index.

Biochemical analyses. We measured the total effective xenoestrogen burden (TEXB) m serum
samples by using a standardized bioassay for the combined estrogenic effect of mixtures of
xenoestrogens (Fernandez et al. 2004). which has been applied to extracts of adipose tissue,
blood. and placenta (Femandez et al. 2007 Ibarluzea et al. 2004; Lopez-Espinosa et al. 2009;
Somnenschein et al. 1995). Three mL of serum were added to the same volume of methanol and
the solution was extracted with 5 ml of hexane/ethyl ether (1:1 v/v). The organic phase was then
passed through a Bond Elut PCB cartridge (Varnan). previously conditioned with 1.5 mI. hexane.
The eluate obtained was dried at reduced pressure under a stream of nitrogen. Serum dried
extracts were reconstituted in 200 pL hexane halved, and eluted in duplicate by high-
performance liquid chromatography (HPLC). This senupreparative HPLC method was
developed to efficiently separate organohalogenated lipophilic xenoestrogens [organochlorine
pesticides and metabolites. polychlorinated biphenyls (PCBs). and halogenated bisphenols.
among others] eluting 1n the alpha fraction from endogenous hormones and more polar
xenoestrogens (non-halogenated bisphenols, polyphenols, phytoestrogens, and mycoestrogens)
eluting in the beta fraction, using a normal-phase column and a gradient with two mobile phases
[n-hexane (phase A) and n-hexane:methanol:2-1sopropanol (40:45:15 v/v) (phase B)]. with the
most lipophilic compounds eluting in the shortest time After HPLC fractionation, duplicated dry
extracts of each fraction were joined. resuspended in experimental steroid-free medium (phenol
red-free medium. supplemented with 2.5 ml of charcoal-dextran fetal bovine serum). and tested
for estrogenic activity in the E-Screen bioassay (Soto et al. 1995). The combined estrogenic

activity of all compounds included m each fraction was analyzed from 1ts proliferative effect on
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133 MCF-7 human breast cancer cells. Each fraction extract was assaved at three different dilutions
134 (1:1, 1:5, and 1:10), together with a negative control (expermmental steroid-free medium) and a
135  positive control (treated with 100 pM of estradiol) 1 each culture plate. The proliferative effects
136  of alpha and beta fractions were calculated as the difference in MCF-7 cell proliferation between
137  the fraction extract and the steroid-free control. divided by the highest difference in proliferation
138 between the estradiol-treated and steroid-free control cells. These relative proliferative effects
139  were transformed into estradiol equivalent units by reading from a sigmoidal dose-response

140  curve prepared with estradiol at concentrations of 0.1-1000 pM, and they were expressed as the
141  estradiol equivalent concentration in picomolar per mulliliter of serum (Eeq pM/mL) that would
142 produce the same cell proliferation in the bioassay (Fernandez et al. 2007). Thus, TEXB of the
143 alpha fraction (TEXB-a) can be regarded as a biomarker of the combined estrogenic effect of
144 nuxtures of organchalogenated lipoplulic xenoestrogens, whereas TEXDB of the beta fraction
145  (TEXB-B) represents the combined estrogenic activity of endogenous hormones and more polar
146  xenoestrogens.

147 The limit of detection for TEXB-a and TEXB-p was 0.1 Eeq pM/mL. which corresponded to
148  the minimum concentration needed to produce a sigmificantly different proliferative effect from
149  that observed in steroid-free control cells. For 6.3% and 3.7% of participants with TEXB-a and
130 TEXB-p determunations below the limit of detection. a level equal to the limit of detection

131  divided by the square root of 2 was imputed. TEXB-a and TEXB-f levels could not be

132 determuned in 44 2% and 33 1% of serum samples, respectively, because MCF-7 cells treated
1533 with their extracts grew less than steroid-free control cells, which hampered reading the

134  proliferative effect in the estradiol dose-response curve. For quality control. 10 serum samples

135  were analyzed in triplicate through independent extraction. HPLC fractionation, and E-Screen

Francisco Artacho Corddén PhD thesis



7. Results and discussion

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

bioassay. The interassay coefficients of variation for TEXB-a and TEXB-p were 18.5% and
11.1%, respectively.

Specific organchalogenated compounds present i the alpha HPLC fraction. such as PCB-
138, PCB-133, PCB-180, hexachlorobenzene (HCB). and p p'-dichlorodiphenyldichloroethylene
(pp'-DDE). were quantified by high-resolution gas chromatography with micro-electron capture
detection, using p-chlorodibenzophenone as internal standard. The limit of detection for all these
chemicals was set at 0.05 ng/mL. representing the smallest analyte amount that gave a signal-to-
noise ratio greater than 3. For 5. 2%, 1 8%, 3 4%, 8 4%, and 2.1% of participants with serum
concentrations of PCB-138, PCB-153, PCB-180, HCB, and p p'-DDE below the linut of
detection, respectively, a level equal to the limit of detection divided by the square root of 2 was
imputed. Total cholesterol and triglvcendes were enzymatically quantified i 10 pLl of serum
using a Cobas 400 analvzer (Roche), and total lipids were derived from the short formula based
on these measured lipid species (Phillips et al. 1989).

Staristical analysis. Participants were grouped mto terfiles of serum TEXB-o and TEXB-§ levels
based on their distributions among controls. Odds ratios for breast cancer and 95% confidence
mtervals (Cls) comparing the second and third tertiles with the first tertile of serum TEXB-o and
TEXB-P were estimated using logistic regression models. We also estimated the odds ratio for
women with undetermined estrogenicity in the bioassay compared with all other women with
determined estrogemcity. Tests for linear nisk trend across serum TEXB-a and TEXB-f tertiles
were performed by including an ordinal variable with the median level of each tertile among
controls in logistic regression models. To further explore the shape of the dose-response relations
of serum TEXB-a and TEXB- levels with breast cancer nisk, we used restricted quadratic

splines for log-transformed TEXB-a and TEXB-J levels with knots at the 10th, 20th, and 93th

Francisco Artacho Corddén PhD thesis



Environmental exposure to hormone-mimicking chemicals and risk of hormone-dependent cancer 107

179  percentiles of their control distributions (the first knot was set at the 10th percentile to exceed
180  levels below the limit of detection) (Greenland 1995). We also estimated odds ratios for breast
181  cancer comparing tertiles of specific organohalogenated compounds (PCB-138. PCB-133. PCB-
182 180, HCB, and p p'-DDE) based on their control distributions.

183 Logistic regression models were fitted with increasing degrees of adjustment. The first model
184  adjusted for province (Madnd, Barcelona. Navarra. or Cantabnia). age (continuous), body mass
185  index (contimuous), education level (primary or less, high school, or college). and serum total
186  lipid levels (continuous). The second model further adjusted for breast cancer risk factors,

187  including smoking status (never, former, or current), number of births (nulliparous, 1-2. or = 3),
188  age at first birth (continuous). menopausal status (premenopausal or postmenopausal), use of
189  hormone replacement therapy (never or ever). previous breast biopsy (no or ves). and family

190  history of breast cancer (no, second-degree relative, or first-degree relative). Finally, the third
191 model mutually adjusted serum TEXB-a and TEXB-§ levels for each other. Effect modifications
192  were contrasted by including interaction terms of serum TEXB-a and TEXB-P tertiles with each
193  of the above covanates in logistic regression models. Analyses were performed using Stata.

194  wersion 131 (StataCorp) and B version 2 13 (R Foundation for Statistical Computing).

195  Results

196  From the 408 randomly selected women (204 breast cancer cases and 204 controls), we excluded
197 5 prevalent or recurrent cases of breast cancer at baseline mterview, 5 cases who mitiated chemo
198  or hormone therapy before blood extraction. one case who withdrew initial consent. and 13

199  additional women (7 cases and 8 controls) with msufficient serum samples. Thus, the final

200  sample included 186 incident pretreatment cases of breast cancer (166 invasive and 20 ductal

201  carcinoma in situ) and 196 population-based controls with available serum samples for

Francisco Artacho Corddén PhD thesis



7. Results and discussion

202

203

205

206

207

208

209

221

222

223

224

estrogenicity analyses. The mean age and body mass index among cases and frequency-matched
controls were 59.8 years and 26.3 kg/m’, respectively. Compared with controls, cases were more
likely to be nulliparous, ever smokers, ever users of hormone therapy, have lower education
level, and have higher prevalences of breast biopsies and affected first-degree relatives. though
only the difference in the prevalence of breast biopsies was statistically significant (Table 1). The
geometric mean serum levels of TEXB-a and TEXB-P were significantly higher in breast cancer
cases (8 32 and 9 94 Eeq pM/mL) than in controls (2 99 and 5 96 Eeq pM/mL, respectively).
Samples with undetermined estrogenicity in the bioassay were equally distnbuted among cases
and controls. Regarding specific organchalogenated compounds. cases had marginally lower
HCB concentrations and similar levels of PCB-138, PCB-153, PCB-180, and p p'-DDE than
controls (Table 1).

Serum levels of TEXB-o and TEXB-B were moderately correlated among controls (Pearson
correlation coefficient for log-transformed vanables of 0.34; 95% CI: 0.14, 0.51). Serum
concentrations of PCB-138, PCB-153, PCB-180, HCB. and p p'-DDE were weakly correlated
with TEXB-a levels among controls (Pearson correlations for log-transformed vanables of -0.21,
-0.01. -0.18. -0.18. and -0.17. respectively) and virtually uncorrelated with TEXB-f levels (-0.03.
-0.03.-0.07.-0.02, and 0.03). Apart from differences by geographic region. no other significant
trend 1 breast cancer nisk factors or serum chemical concentrations was observed across tertiles
of serum TEXB-o and TEXB-p levels among controls, partially due to the limited number of
control women within each tertile (Table 2). Compared with controls with determined
estrogenicity in serum samples, controls with undetermined TEXB-a and TEXB-f had similar
risk factor distributions, but significantly higher serum concentrations of PCB-138, PCB-180,

HCB. and pp'-DDE (Table 2).

10
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225 In models adjusted for sociodemographic and traditional breast cancer risk factors (Table 3).
226 the risk for breast cancer increased with increasing serum levels of both TEXB-o and TEXB-B (p
227 for linear trend = 0.003 and 0.001, respectively). Compared with the first tertile, the odds ratios
228 for the second and third tertiles of serum TEXB-a were 1.77 (93% CIL: 0.76. 4.10) and 3.45 (93%
229 CI: 1.50, 7.97). and those for the second and third tertiles of serum TEXB-B were 2.35 (95% CIL:
230 1.10,5.03) and 4.01 (95% CI: 1.88, 8.56). The increase in breast cancer risk was marked and

231  sustained over all serum TEXB-u levels above 0.5 Eeq pM/mL (Figure 1A). However. a

232 sigmoidal risk trend was observed across serum TEXB-f levels, with a sharp increase mn risk

233 between 2—40 Eeq pM/mL and a downtumn at higher levels (Figure 1B). When serum TEXB-a
234 and TEXB-B levels were mutually adjusted for each other, the association of TEXB-a with breast
235 cancer risk was substantially attenuated. while that for TEXB-p remained virtually unchanged
236 (Table 3 and Figure 1). The risk for breast cancer did not differ among women with

237 undetermined TEXB-o and TEXB-f compared with women with deternuned estrogenicity

238 (fully-adjusted odds ratios of 0.73 and 0.97, respectively) (Table 3).

239 Individual organchalogenated xenoestrogens contamed in the alpha fraction showed weak and
240  opposed associations with breast cancer nisk (Table 4). In models adjusted for sociodemographic
241  and traditional risk factors. the odds ratios for breast cancer comparnng the third with the first
242 tertile were 1.73 (93% CI: 0.96. 3.14) for PCB-138. 1.36 (95% CI: 0.73, 2.45) for PCB-153. 1.01
243 (95% CI: 0.55, 1.87) for PCB-180, 0.84 (95% CI: 0.45. 1.58) for pp-DDE. and 0.60 {95% CI:
244 032 1.15) for HCB.

245 In subgroup analyses, the mncreased risk for breast cancer in the third versus the first tertile of
246 serum TEXB-u tended to be higher in women with normal weight and those with family history

247 of breast cancer (subgroup-specific odds ratios of 6.37 and 5.78. respectively). although none of

11
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261

262

263

267

268

269

these effect modifications was statistically significant (Figure 2). The positive association of
serum TEXB-B with breast cancer nisk was quite homogensous across all subgroups.
Discussion

This 1s the first study showing a graded positive association between serum total xenoestrogen
burden. as determuned by the alpha fraction of the TEXDB bioassay. and breast cancer risk.
Women in the third tertile of serum TEXB-a had a 3 45-fold increase 1n breast cancer nsk
compared with those m the first tertile. The beta fraction of the TEXB bioassay was also
positively associated with the risk for breast cancer, a result somewhat expected taking into
account that circulating endogenous estrogens are included in this fraction. Finally. none of the
individual organohalogenated xenoestrogens analyzed in this study was sigmficantly associated
with breast cancer nsk.

Most studies in this field have focused on serum or adipose concentrations of a single
chemical or a reduced number of chemicals. 1ignoring the cumulative effects of mixtures.
Recognizing this linitation, the World Health Organization Report has concluded that it 15
critical to move beyond the analysis of one chemical at a time to explore the effects of EDC
mixtures (WHO/UNEP 2013). The TEXB bioassay 1s an altemative technique that directly
measures the combined estrogenic effect of all compounds included i either alpha or beta HPLC
fractions. Since additive, synergistic, or antagomstic mechanisms may be present m these
complex nuxtures (Evans et al. 2012; Scholze et al. 2014), this approach constitutes a more
efficient way to explore the cumulative impact of these compounds. In fact, cell culture studies
have shown that EDC nuxtures can produce a sigmificant proliferative effect even at

concentrations of individual chenucals that alone do not produce detectable effects (Rajapakse et

12
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270 al 2002). Thus, the estrogenic potential of EDCs, when tested individually, 1s likely to be

271 underestimated (Kortenkamp 2007).

272 Most women in this study (83.5%) had detectable serum concentrations of all the measured
273 organochlorine chemicals, reflecting the ubiquity of their exposure in our population. We found
274 no differences in PCB. HCB. or p p'-DDE concentrations between cases and controls, and none
275 of these single compounds was positively correlated with serum TEXB-a levels among controls,
276 reflecting their modest contribution to the total xenoestrogen burden. Similarly, a previous study
277 has reported no correlation between mndividual organchalogenated xenocestrogens and their

278 combined estrogenic activity in adipose tissue (Ibarluzea et al. 2004).

279 The extensive HPLC fractionation previous to the TEXB bicassay was designed to separate
280  organchalogenated lipophilic xenoestrogens in the alpha fraction from endogenous hormones
281  and more polar xenoestrogens in the beta fraction (Fernandez et al. 2004). In our study, serum
282  TEXB-a and TEXB-p levels were positively correlated among controls, which resulted in an
283  attenuation of the association between TEXB-u and breast cancer risk after adjusting for TEXB-
284 P. The causal diagram of Figure 3 displays the assumed causal relations among TEXB-a. TEXB-
285 P, breast cancer, and other relevant exposures, which provides a valuable tool for identifying
286  potential sources of bias and their control. Serum TEXB-a and TEXB-P levels are assumed to be
287  affected by an unspecified common exposure to both lipophilic and polar xenoestrogens

288  (Fernandez et al. 2004). as suggested by the observed association between TEXB-a and TEXB-
289  PB. Serum TEXB-f levels are also affected by unmeasured endogenous hormones, which are

290  imndependent of xenoestrogen exposure and directly mnfluence breast cancer nsk. According to
201 this diagram, the causal effect of TEXB-a on breast cancer 1s confounded by correlated

202 xenoestrogens present in the beta fraction, whose upward bias can be controlled by adjusting for

13
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315

TEXB-p. However, this adjustment induces a negative conditional association between
xenoestrogens and endogenous hormones. which results in a downward selection bias that can be
as severe as the controlled confounding if endogenous hormone effects are strong (Greenland
2003). Thus. without further information on xenoestrogen exposure or endogenous hormones, we
can just conclude that the underlying effect of TEXB-a on breast cancer lies between the
estimated associations with and without adjustment for TEXB-f.

While the risk for breast cancer increased progressively across all detected TEXB-a levels
above 0.5 Eeq pM/mL. the association for TEXB-p followed a sigmoidal trend. with a sharp
increase i risk between 2—40 Eeq pM/mL and a downturn at higher levels. Nonmonotonic
responses are remarkably commeon in studies of natural hormones and EDCs (Engstrom et al.
2015; Vandenberg et al. 2012). The upward-then-dovwnward nisk trend for TEXB-P could be
explained by receptor competition between endogenous hormones and polar xenoestrogens
imcluded in the beta fraction (Vandenberg et al. 2012). At low-to-intermediate TEXB-P levels,
natural hormone concentrations do not saturate receptors and xenoestrogens bind to unoccupied
receptors to increase the overall cellular response; but at high TEXB-p levels. xenoestrogens can
outcompete natural ligands and. due to their weaker estrogenic activity, result in an attenuation
of the overall biological response.

Though the study had limited power to detect effect modifications, we observed somewhat
higher effects of TEXB-o on breast cancer risk i women with normal weight and those with
family history of breast cancer. A stronger effect in leaner women was also evident in a previous
case-control study using the TEXB bioassay in adipose tissue (Ibarluzea et al. 2004), which was
attributed to a greater relative impact of EDCs m women with lower levels of endogenous

hormones accumulated in their fat. Regarding the stronger association between TEXB-o and

14
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316 breast cancer nisk in women with fanuly history of breast cancer, this group was too small to

317  draw further conclusions and larger studies are needed to confirm this potential effect-measure
318  modification.

319 Contrary to previous findings in adipose tissue extracts (Fernandez et al. 2004; Ibarluzea et al.
320 2004), the combined estrogenic activity in serum samples was not associated with age, body

321  mass index, or any other women characteristic in our study, with the exception of the differences
322 observed by geographical region. Control women from the province of Navarra had higher

323 TEXB-o and TEXB-J levels, while those from Cantabria presented lower estrogenic activity in
324 both fractions. We have no clear explanation for these geographical differences. Previous studies
325 have reported lugher serum concentrations of PCBs 1n healthy adults from the northern Spanish
326 regions (Agudo et al. 2009; Huetos et al. 2014) and elevated HCB levels i the province of

327  Navarra (Jakszyn et al. 2009). However. these single chemicals contributed little to the total

328  =xenoestrogen burden i women of this study and can hardly explain the observed regional

329  wvanations. Navarra 1s also one of the Spanish regions with ligher prevalence of postmenopausal
330  hormone therapy use (Isidoro et al. 2013), but our study found no differences in TEXB-a or

331 TEXB-p levels between never and ever users of hormone therapy. Thus. larger population-based
332 studies are required to identify determinants of serum TEXB levels that contribute to explain
333 their geographical distribution.

334 The strengths of this study include the population-based case-control design and the use of a
335  reliable biomarker for the combined estrogenic effect of EDC muxtures. However, several

336  linutations must be mentioned. First, the response rate among population controls was moderate,
337  with higher participation rates among women with higher education level To control for this

338 potential selection bias, all analyses were adjusted for education level. Second, owing to the
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case-control design, serum samples were collected after diagnosis in breast cancer cases. which
might have led to a reverse causation bias if serum concentrations of hormones or xenoestrogens
had changed after disease onset. To minimize the potential for reverse causation, we restricted
the analysis to incident cases of breast cancer who did not recerve neoadjuvant chemo or
hormone therapy before blood extraction. Howewver, as most growing breast tumors are estrogen-
demanding, serum estrogen levels might have decreased after disease onset, leading to a
potential dilution i the associations. particularly for TEXB-p since endogenous hormones have
higher binding affinity to estrogen receptors and shorter biological half-lives than xenoestrogens.
Third, adipose tissue extracts were not collected in our study and TEXB 1n serum samples was
taken as a surrogate of the overall estrogenic activity at the mammary gland. While many EDCs
are lipophilic and accumulate in the breast fatty tissue_ their concentrations in serum are
relatively low and depend on serum lipid content. For this reason. all analvses relating serum
TEXE levels with breast cancer risk were adjusted for serum total lipids. Fourth, estrogemicity
could not be deternuned in over one third of serum samples because breast cancer cells treated
with their extracts grew less than steroid-free control cells in the TEXB bioassay. Although there
1s no clear explanation for this lack of growth. samples with undetermined estrogemicity had
sigmficantly higher levels of all measured organchalogenated xenoestrogens. so that they might
also have elevated concentrations of other unmeasured common-source xenobiotics that
prevented or hampered cellular growth. Nevertheless, since undetermined estrogenicity was
unrelated to case-control status, our analyses based on determined samples will provide an
unbiased estimate of the association between TEXB and breast cancer risk. Finally, the inherent
time-consuming and serum-demanding characteristics of the TEXB bioassay. together with the

substantial proportion of undetermuined samples, heavily limuted the effective sample size and

16
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362  power of the present study. which precluded more extensive analyses according to tumor

363  subtvpes.

364  Conclusions

365  The combined estrogenic activity of mixtures of organohalogenated xenoestrogens in serum

366  samples was positively associated with breast cancer nisk. even though no single compound

367  showed a significant effect when analyzed separately. The increase in risk was strong and

368  progressive across all detected estrogenic levels. Our findings show the importance of evaluating
369  muxtures of EDCs, rather than single chemicals. in epidemiological studies on hormone-related
370  cancers. This study provides new evidence linking breast cancer with combined exposures to
371  EDCs to be considered by policy agencies in charge of controlling their production and

372 distribution.

373
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469  Table 1. Main characteristics and serum levels of total effective xenoestrogen burden (TEXE)
470  and specific organchalogenated compounds in breast cancer cases and controls (i = 382).

Characteristic Controls Breast cancer cases  p-Value”

No. of women 196 186

Province
Madnid 84(429) 71 (38.2)

Barcelona 34(17.3) EEN W)
Navarra 26(133) 27(14.3)
Cantabria 32 (26.3) 35 (29.6)

Age (years) 508+107 507+11.1

Body mass index” (kg/m’) 262+45 26.4+45

Education level 0.40
Primary or less 94 (48.0) 102 (534.8)

High school 72 (36.7) 30317
College 30(153) 253(13.9)

Smoking status” 0.28
Newver 124 (63.3) 103 (35.6)

Former 33(16.8) 41(22.2)
Current 39(199) 41 (22.2)

No. of births 0.38
Nulliparous 33 (169 390210
1-2 103 (53.9) 102 (33.1)
=3 37(29.2) 44 (23.8)

Age at first birth” (vears) 26544 26754 0.81

Menopausal status 043
Premenopausal 28(14.3) 32(17.2)
Postmenopausal 168 (83.7) 154 (82.8)

Use of hormone replacement therapy 0.46
Newver 177(94.7) 167 (92.8)

Ever 10 (5.3) 13(7.2)

Previous breast biopsy 0.02
No 189 {96.4) 168 (90.8)

Yes 7(3.6) 17(9.2)

Family history of breast cancer 027
No 166 (84 6) 147 (79.0)
Second-degree relative 15(7.7) 16 (8.6)

First-degree relative 15(7.7 23(12.4)

Serum total lipids (mg/ml.) 767187 7.42+1.60 0.17

Serum TEXB-of (Eeq pM/mL) 2.99 (7.86) 832(5.72) = 0.001
Undetermined estrogenicity 90 (439) 79 (42.9) 0.50

Serum TEXB-B? (Eeq pM/mL) 3.96 (5.63) 094 (4.57) 0.01
Undetermined estrogenicity 70 (35.7) 64 (34.4) 0.79
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478
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Serum PCB-138° (ng/mL)
Serum PCB-153° (ng/mL)
Serum PCB-180° (ng/'mL)
Serum HCB® (ng/mL)

Serum p.p-DDE’ (ng/mL)

0.89 (3.25)
137 (3.28)
0.72 (3.07)
0.68 (3.40)
2,69 (5.04)

1.04 (3.13)
1.62 (2.92)
0.71 (2.71)
0.53 (4.11)
245(442)

0.21
0.15
0.97
0.06
0.56

Values are means = SDs or numbers (percentages).

“p-Value for homogeneity of means or proportions between breast cancer cases and controls. “Body mass index and
smoking status one year before baseline interview. “Age at first birth among parous women. “Geometric mean
{geometric SD) serum levels of the total effective zenoestrogen burden of alpha (TEXB-u) and beta (TEXE-f)
fractions, together with mumbers (percentages) of samples with undetermined estrogenicity in the bioassay.
“Geometric mean (geometric 5D) serum concentrations of polychlorinated biphenyl congeners 138 (PCB-138), 153
(PCB-153). 180 (PCB-180). hexachlorcbenzene (HCB). and p p'-dichlorodiphenyldichloroethvlene (pp'-DDE).
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Figure legends

Figure 1. Odds ratios for breast cancer by sermm levels of total effective xenocestrogen burden of
alpha (A) and beta fractions (F).

Curves represent adjusted odds ratios based on restricted quadratic splines for log-transformed levels of total
effective xenoestrogen burden of alpha and beta fractions with knots at the 10th, 50th, and 95th percentiles. The
reference value (odds ratio = 1) was set at the 20th percentile of each fraction distribution among controls (0.54 and
2.97 Eeq pM/mL for alpha and beta fractions, respectively). Odd ratios were adjusted for province, age, body mass
index education level, serum total lipid levels, smoking status, number of births, age at first birth, mencpansal
status, use of hormone replacement therapy, previous breast biopsy, and family histery of breast cancer (bold
curves), and further adjusted for the other fraction of total effective xencestrogen burden (thin curves). Histograms
represent each fraction distribution among controls (shaded bars) and breast cancer cases (white bars).

Figure 2. Odds ratios for breast cancer comparing the third with the first tertile of total effective
xenoestrogen burden of alpha (TEXB-u) and beta (TEXB-f) fractions by subgroup.
Subgroup-specific odds ratios (squares with area inversely proportional to the variance) and their 95% confidence
intervals (horizontal lines) were obtained from logistic regression models with interaction terms of serum TEXB-o
and TEXB-p tertiles with the corresponding subgroup indicators and adjusted for province, age, body mass index,
education level, serum total lipid levels, smoking statos, numiber of births, age at first birth. mencpansal status, nse
of hormone replacement therapy, previous breast biopsy, and family history of breast cancer.

Figure 3. Diagram with cauvsal relations among total effective xenoestrogen burden of alpha
(TEXB-a) and beta (TEXB-P) fractions, breast cancer, and unmeasured exposures to

xenoestrogens and endogenous hormones.

The caunsal path from TEXB-a to breast cancer ¥— 1 is confounded by the undirected path Y+ —Z—7T, which can
be blocked by adjusting for TEXB-f. However. conditioning on TEXB-J unblocks the other undirected path

XU —Z+—1h—T, thus resulting in selection bias.

30
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Odds ratio for breast cancer (95% confidence interval)

Subgroup Third versus first tertile of serum TEXB-a Third versus first tertile of serum TEXB-p
Province
Madrid 3.88 (1.09, 13.8) —— 4.56 (1.58, 13.1) —.
Other 2,65 (0.92, 7.60) —-— 3.14 (1.07, 9.27) —-—
p for interaction 0.64 | 0.63 :
Age (years) 1 1
<65 3.39 (1.24, 9.25) —a— 3.88 (1.58, 9.51) ——
=65 229 (0.50, 10.6) —f—@+—— 3.91 (0.92, 16.6) ——
el for interaction 067 1 0.99 1
Body mass index (kg/m2) ! !
<25 6.37 (1.69, 24.0) — 5.12 (1.61, 16.3) ——
»25 244 (088, 676) +—l— 3.17 (1.17, 8.58) ——
p for interaction 0.24 ! 0.54 !
Education level | |
Primary or less 4.50 (1.28, 15.8) —_— 4.80 (1.68, 13.7) —-
High school or more 244 (0.82, 7.26) T—8— 3.28 (1.12, 9.61) —a—
p for interaction 0.46 | 0.62 :
Smoking status 1 1
Never 252(0.89,713)  +—H— 5.29 (1.94, 14.4) ——
Ever 5.31(1.42, 19.9) —_— 266 (084, 846)  —M—
p for interaction 0.37 1 0.38 1
Age at first birth (years) ! !
<25 293 (068, 126) —f—— 3.53(0.99, 12.6) —a—
225 4.48 (128, 15.7) —_— 4.05 (1.4, 11.4) —a—
Nulliparous 262(0.49, 14.2) ——t——ut—r 5.15 (0.69, 38.7) ‘n
p for interaction 0.85 : 095 :
Menopausal status 1 1
Premenopausal 4.06 (0.41, 40.7) ‘» 1.92 (0.19, 19.1) ———8——-—
Postmenopausal 2,62 (1.07, 6.46) — . 4.53 (2.00, 10.3) ——
p for interaction 0.72 ' 0.49 I
Family history of breast cancer ! !
No 2.92 (1.15, 7.40) —u— 3.86 (1.68, 8.88) ——
Yes 5.78 (1.00, 33.3) ————8————— 394(069,227) ——a——
p for interaction 0.49 ! 0.98 !
Serum total lipids (mg/mL) : :
<7 3.36(0.93, 12.2) —a 2.89 (1.00, 8.33) —-——
=7 3.08 (1.10, 8.63) —— 4.70 (1.64, 13.5) —.
p for interaction 091 : 0.52 :
1 1
Overall 3.45 (1.50, 7.97) - 4.01 (1.88, 8.56) e
I 1 1 1 1 1 I 1 1 1 1 1
0s 1 2 4 10 20 40 0s 1 2 4 10 20 40
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U,: Xenoestrogen U,: Endogenous
exposure hormones

7: TEXB-B

v v

X: TEXB-a » Y: Breast cancer
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The results of this PhD thesis suggest that (1) although both matrices (serum and AT) seem
useful for the assessment of internal POP burden in BC patients, the determination of the POP
burden in each of the matrices may provide relevant information to evaluate the association of
POP burden with BC risk, and therefore, consideration of the individual features of each of the
matrices and of the covariates that may differentially act as confounding factors in the
association with the disease should be taken into account; (2) the levels of exposure to EDCs
(mainly the significant levels of PCB-153) found in the Tunisian female population, as well as
the patterns of exposure found such as the South—North gradient, which may correlate to the
particular distribution of obsolete stockpiles of pesticides, would warrant the design of
biomonitoring programs; and (3) serum xenoestrogen burden, measured as single chemicals or

as total estrogenic activity, was associated with an increased BC risk.

Because of the amount of evidence that supports the relationship with NHL, lindane has been
classified as “human carcinogen” (Group 1) by the International Agency for Research on
Cancer (IARC) (Loomis et al. 2015). In the same report, the IARC also classifies DDT as
“probably carcinogenic to humans” (Group 2A), based on the evidence that DDT causes cancer
in experimental animals and on the limited evidence of its carcinogenic effect in humans.
Epidemiological studies found positive associations between exposure to DDT and to NHL and
testicular and liver cancer. However, these studies have also reported that there is not enough
evidence to support any association between BC and DDT levels measured in blood or fat
samples. Moreover, IARC has also recently classified PCBs as ‘“carcinogenic to humans”
(Group 1) due to the positive associations found with malignant melanoma, NHL and BC
(Lauby-Secretan et al. 2016). Our data shed light on the evidence of the potential carcinogenic,

or at the very least co-carcinogenic, effect of some EDCs.

Our results highlight the relevance of the selection of an adequate biomarker of exposure,
together with a number of other confounding factors (as described in the Introduction chapter).
Although AT was described as the primary site of long-term storage of POPs, which makes it
the most adequate biological matrix for measuring chronic exposure to POPs, most of the
studies have used the serum because (1) blood collection is easier than the invasive procedures
necessary to isolate AT and (2) serum has been described as a proxy value of adipose burden
under physiological equilibrium. However, serum burden is considered by some authors as a
less robust measurement because it can be affected by enhanced lipolysis during substantial
metabolic changes and by the current exposure. Our results suggest that serum and AT may
provide relevant information, being differentially affected by external factors. Hence, we have
detected that, unlike adipose POP burden, levels in serum are differentially affected by weight

loss and neoadjuvant QT administered before sample collection. Therefore, these variables
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should be included as covariates in further studies aimed at investigating a possible association

between POP exposure and BC.

Despite the fact that most experts in the field agree that the overall xenoestrogenic effect is not
the result of a simple compound, but rather a result of the combined, additive, synergistic and
antagonist effect of the internal burden of POPs, most of the studies have usually addressed the
exposure at a single compound level, or at the very best, the sum of some compounds.
According to this single-chemical approach, we have found a positive and significant
association between at least one organochlorine pesticide (B-HCH) and higher risk of BC,
considering the exposure either as a quantitative variable and categorized by tertiles. These
results are in line with those reported previously, corroborating its carcinogenic potential in
breast (Mussalo-Rauhamaa et al. 1990; Ibarluzea et al. 2004), prostate cancer (Mills and Yang
2003) and NHL (Rothman et al. 1997).

However, some evidence has emerged in recent years that emphasize the importance of the
mixtures (Kortenkamp 2006). In this regard, we reported in a previous work that the total
xenoestrogenic activity exerted by the internal POP burden (TEXB) stored in breast tissue was
positively associated with the risk of BC in a case-control study carried out in Southern Spain
(Ibarluzea et al. 2004). Nevertheless, difficulties associated to the invasive procedures required
to isolate AT for epidemiological studies precluded us to compare our results to those obtained
in most studies which used serum as a biomarker of exposure. After the optimization of the
TEXB biomarker for serum samples, we carried out a new population-based multicase-control
study on 204 BC cases and 204 female controls recruited in four Spanish provinces. In addition
to the positive association found previously between xenoestrogenic burden in AT and BC risk
and despite the fact that circulating levels of POPs seem to be differentially affected by those in
the AT, these new results reflect that serum TEXB burden is also related to BC. Moreover, these
results clearly demonstrate that the combined effect, and not the single-chemical effect, is
responsible for the carcinogenic effect of EDCs. In this regard, whereas we found no association
between serum PCB, HCB, or p,p'-DDE concentrations and serum TEXB-a levels (reflecting
their modest contribution to the total xenoestrogen burden) or BC risk, we found that the risk for
BC increased with increasing serum levels of TEXB-a (p for linear trend = 0.003), in models
adjusted for sociodemographic and traditional BC risk factors. Compared with the first tertile,
the odds ratio for the third tertile of serum TEXB-a was 3.45 (95% CI: 1.50, 7.97).

Hanahan and Weinberg (2000) described that the transition from normal to neoplastic cell is a
process in which cells acquire a succession of capabilities during the multistep development of
tumors. As a crucial orchestrator in the initiation of breast carcinogenesis, prolonged exposure

to high levels of estrogens in women has been shown to stimulate cellular proliferation through

Francisco Artacho Corddén PhD thesis



Environmental exposure to hormone-mimicking chemicals and risk of hormone-dependent cancer

the estrogen receptor mediated hormonal activity, increase mutation rates through a cytochrome
P450-mediated metabolic activation (exerting direct genotoxic effects), and induce aneuploidy
(Russo and Russo 2006), which leads to the neoplastic transformation of human breast epithelial
cells. Although estrogen-mimicking EDCs were described as low-potency inductors of
estrogen-related pathways, it is known that homeostasis of the hormone system is very sensitive
to subtle changes in hormone levels. Therefore much effort has been made to elucidate the role
of xenoestrogens in human BC [reviewed in: (Snedeker 2001)], though the discrepancies in the
results precluded the scientific community to reach an agreement about their participation in BC
initiation (Kortenkamp 2006).

In addition to that role attributed to POPs in BC initiation, some in vitro studies have addressed
new pathways of action of these compounds in tumor cell biology. In this respect, it has been
demonstrated that POPs are able to induce angiogenesis (Bratton et al. 2012; Pontillo et al.
2015) and metastasis (Pestana et al. 2015) by activating enzymes involved in collagen turnover
such as matrix metalloproteinases (MMPSs) (Zou and Matsumura 2003; Pontillo et al. 2013).
Moreover, associations have been found between POP exposure and alterations in microRNA
expression profiles (Tilghman et al. 2012), interactions in the MAPK (mitogen-activated protein
kinase) (Bratton et al. 2012), or modifications in the growth factor beta (TGF-beta) pathway
(\Valerdn et al. 2009). Epidemiological evidence is still scarce, with some studies showing that
most exposed subjects had higher levels of MMPs (Kim et al. 2011), or decreased global
methylation in leukocyte DNA (ltoh et al. 2014). There is also some evidence on the effect of
POPs in expression of ER (Mufioz-de-Toro et al. 2006) or p53 (Al-Anati et al. 2014). In this
regard, although these are preliminary results that have not been published yet, we have recently
found that POP levels were related to more aggressive breast tumors, with increased expression
of ER, PR and HER2/neu oncogene, and lower expression of p-53 and E-cadherin. It has also
been reported that the probability of lymph-node invasion and tumor size in BC cases increases
with serum p,p'-DDE levels (Demers et al. 2000). Moreover, it has been found that serum DDT
was associated with BC-related mortality at 5 [HR 2.72 (95% CI 1.04-7.13)] and 15 years
[HR 1.42 (95% CI 0.99-2.06)] after diagnosis (Parada et al. 2016).

While the information about levels and sources of exposure to EDCs as well as their role in BC
is abundant especially in European and North American countries, there is still limited
information regarding exposure to EDCs in developing countries, with expected great
differences in the magnitude of the exposure, type of pesticides, and routes of exposure between
developing and developed countries (Shakeel et al. 2010). Unlike to developed countries,
developing countries use more HCH, DDT and its derivatives (Shakeel et al. 2010). In this
regard, India is unarguably a hotspot of DDT and HCH contamination where pesticidal POPs

were in widespread use in agriculture until recent years and where DDTSs is still used for malaria
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control (Sharma et al. 2014). India is not the only country where illegal use of DDTs and other
POPs in agriculture and industrial sector has been reported (UNEP/POPS/COP.7/36 2015). In
this regard, previous studies have reported increased environmental levels of POPs (Gioia et al.
2014) in different African countries, which have resulted in increased levels in humans
(Luzardo et al. 2014). Although Tunisia banned the use and import of POPs three decades ago,
the government has recently confirmed that banned compounds are still being illegally imported
from neighboring countries (APEK 2005). In line with these declarations, we have detected a
potential source of human exposure to p,p’-DDE through cereal consumption, that may reflect
illegal use of DDT in agriculture. We have also found increased levels of PCB-153, which may
be a consequence of the rapid transformation in the IT-field and of the considerable amount of
PCB-containing equipment that is still being used in Tunisia (World Bank 2012). Moreover, we
have also detected substantial exposure rates to parabens and some benzophenones in Tunisian
women, with urine concentrations of these npEDCs in a similar range to those measured in
European populations (Casas et al. 2013; Frederiksen et al. 2013; Dewalque et al. 2014).
Therefore, our results would warrant the design of biomonitoring programs in Tunisia that
would help to identify population groups at risk of exposure, to characterize the different
sources of exposure and to design prevention programs. Environmental health policies and
strategies in Northern and Southern Mediterranean countries should be, at least, complementary.
However, given the financial limitations of some African countries, Northern Mediterranean
countries should collaborate with the developing countries in the development of studies aimed
at the general population.

Regarding the influence of EDCs in the incidence of BC in developing countries, information is
even scarcer. In this sense, it is clear that the wide differences between developed and
developing countries regarding EDCs do not allow us to generalize the results. In this sense,
while most studies carried out in developed countries failed to find positive association, 4 out of
8 studies carried out in developing countries such as Mexico or India found significant
association between POPs and BC (Shakeel et al. 2010). In our study, high serum
concentrations of B-HCH, p,p"-DDE, and heptachlor were associated with a greater risk of BC in
Tunisian women, although only B-HCH remained positively associated when the three
chemicals were entered in a single model with all covariates. However, due to the limited
sample size of our study, these results should be interpreted with caution, and further research is
warranted to confirm this association in Tunisia and other developing countries, where the ban

on these chemicals is more recent.

The increasing evidence that links human disease to exposure to EDC has recently led to
estimate the burden and disease costs of exposure to EDC in European countries (Trasande et al.

2015). This study only included those diseases with the highest probability of causation such as
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intellectual disability, autism, attention-deficit hyperactivity disorder, childhood and adult
obesity, adult diabetes, male infertility and mortality associated with reduced testosterone and
estimated a median cost of €157 billion (or $209 billion, corresponding to 1.23% of EU gross
domestic product) annually. However, it is known that cost-of-illness approaches fail to capture
the complete scope of economic costs associated with illness (especially psychological and
other indirect or intangible costs that are difficult to assess). Moreover, in the near future, other
highly prevalent and chronic diseases such as hypertension and breast or prostate cancer (which
have been already studied) may be included in this estimation which will result in a
considerable increase of the estimated costs for the Health Systems. These costs will accrue
until harmful exposures cease. Thus, regulatory action to limit exposure to the most prevalent
and potentially hazardous EDCs is likely to result in substantial economic benefits. These
economic benefits should inform decision-making on measures to protect public health
(Trasande et al. 2015). Moreover, these results also suggest the need to expand the estimation of
the costs attributable to EDC exposure to developing countries where the policies on chemical
use and practices to protect human health and the environment are insufficient as well as to

implement measures to reduce current exposure levels (Dasgupta et al. 2010).
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The primary objective of this PhD thesis was to assess exposure to a selected group of EDCs
(including HCB, B-HCH, DDT and p,p -DDE, and PCBs) and to determine whether exposure to
these chemicals is a contributing factor in female BC in developed and developing countries.

The main conclusions are:

1. Serum and AT burden of POPs provide relevant, but different information in the assessment
of exposure in BC studies. We consider that it is relevant to take into account the individual
features of blood and fat tissue, because we have identified some factors that differentially
influence POP levels in both matrices. In this regard, ‘recent weight loss’ and neoadjuvant
chemotherapy was negatively associated with serum POP levels but no (or positively)
associated with AT concentrations of POPs. Therefore, factors such as recent weight loss, QT
and neoadjuvant therapy should be taken into account in the adjustment of statistical models in
future studies when addressing the association between exposure to POPs and risk of BC
because they may differentially act as confounding factors.

2. Exposure to POPs in Tunisian women is frequent and the magnitude of this exposure is
different to other countries. Hence, while serum concentrations were comparable to those of
developed countries for most of studied POPs, the target population of this study showed PCB-
153 concentrations in serum higher than other countries, which is consistent with the inadequate
electronic waste management recently declared by Tunisian authorities. This is the first study
that assesses potential sources of exposure to POPs in a Tunisian population. In this regard, we
have identified a geographical gradient in the levels of exposure to PCBs, with higher levels of
exposure in people living in the North. Additionally, we also have detected a positive
association between cereal consumption and levels of p,p -DDE, which may be related to illegal

use in some regions, as illegal import of DDT from neighbouring countries has been reported.

3. Detectable levels of non-persistent EDCs were found in most of Tunisian women, including
bisphenol-A, benzophenone-3 and methylparaben. Although the amount of personal care
products and processed food consumption (the most relevant determinants of the exposure to
these chemicals) are expected to be lower than in developed countries, levels of exposure to
non-persistent EDCs identified in Tunisia were in a similar range than those found in women

living in European countries with the exception of bisphenol-A which was found in lower
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concentration. Our results confirm the high exposure of Tunisian women to npEDCs, and
therefore, they would warrant biomonitoring studies to assess the levels of exposure to these
compounds and to identify sources of exposure and population groups at higher risk.

4. Risk of BC is associated with serum levels of at least one POP with demonstrated estrogenic
activity in Tunisian women. Although only B-HCH remained positively associated in the
adjusted multi-residue model, higher serum concentrations of p,p-DDE and heptachlor were
also associated with a higher risk of BC. These results confirm the hypothesis that exposure to
synthetic chemicals with xenoestrogenic activity increases the risk of developing BC. In line
with the few other studies that have demonstrated a significant association between human
exposure to POPs and risk of BC in developing countries, our study also urges the international
community to collaborate with the developing countries to establish biomonitoring studies in

these regions and to take actions to reduce inadvertent exposure.

5. In a population based multicase-control study carried out in Spain, BC patients had increased
serum xenoestrogenic burden (TEXB) in comparison with healthy women. We have found that
women in the third tertile of serum TEXB-a (the chromatographic fraction where most POPs
elute) had higher risk for BC compared with those in the first tertile. We found no statistically
significant association between serum levels of each single EDC and both the levels of TEXB-a
and the risk of BC, which reflects their modest contribution to TEXB burden. Our results
suggest the relevance of considering effects of mixtures of combination of EDCs rather than the
exposure to single EDCs in the evaluation of their role in hormone-related cancers. Therefore,
this holistic and singular approach should be adopted in order to improve the knowledge of the

role of EDCs in hormone-dependent disease.
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