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• Endometriotic gene expression profiles
and urinary PB/BP levels were studied.

• PB exposurewas related to overexpression
of cell cycle-related genes.

• Increased expression of cell differentiation
genes was related to PB exposure.

• Upregulation of lipid metabolism-related
genes was related to PB/BP exposure.
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Aim: To describe the expression profile in endometriotic tissue of genes involved in four signaling pathways related to

the development and progression of endometriosis (cell cycle, apoptosis, cell differentiation and lipidmetabolism) and
to explore its relationship with the women exposure to chemicals with hormonal activity released from cosmetics and
personal care products (PCPs).
Methods: This cross-sectional study, encompassed within the EndEA study, comprised a subsample of 33 women with
endometriosis. Expression levels of 13 genes (BMI1, CCNB1, CDK1, BAX, BCL2L1, FOXO3, SPP1, HOXA10, PDGFRA,
SOX2, APOE, PLCG1 and PLCG2) in endometriotic tissue and urinary concentrations of 4 paraben (PB) and 3 benzo-
phenone (BP) congeners were quantified. Bivariate linear and logistic regression analyses were performed to explore
the associations between exposure and gene expression levels.
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Results: A total of 8 out 13 genes (61.5 %) were expressed in >75 % of the samples. Exposure to congeners of PBs and/
or BPs was associated with the overexpression of CDK1 gene (whose protein drives cells through G2 phase and mito-
sis),HOXA10 and PDGFRA genes (whose proteins favor pluripotent cell differentiation to endometrial cells), andAPOE
(whose protein regulates the transport and metabolism of cholesterol, triglycerides and phospholipids in multiple tis-
sues) and PLCG2 genes (whose protein creates 1D-myo-inositol 1,4,5-trisphosphate and diacylglycerol, two important
second messengers).
Conclusions: Our findings suggest that women exposure to cosmetic and PCP-released chemicals might be associated
with the promotion of cell cycle and cell differentiation as well as with lipid metabolism disruption in endometriotic
tissue, three crucial signaling pathways in the development and progression of endometriosis. However, further stud-
ies should be accomplished to confirm these preliminary data.
1. Introduction

Endometriosis is a common gynecological disease that affects 10–15 %
of women of childbearing age (Zondervan et al., 2020). It is characterized
by the presence of endometrial-like tissue outside the uterine cavity, com-
monly in the abdomino-pelvic cavity such as the pelvic peritoneum and
the ovaries (Bulun, 2009; Giudice, 2010; Vercellini et al., 2014). Although
the symptomatic burden varies among endometriosis patients, most of
them often experience dysmenorrhea, dyspareunia, chronic pelvic pain,
menstrual irregularities and infertility, leading to a significant decrease in
their quality of life (Bulun, 2009).

To date, various theories, including retrograde menstruation, coelomic
metaplasia, embryonic cell rest, induction, and lymphatic and vascular dis-
semination, have been proposed to explain the origin of this disease
(Nezhat et al., 2008). However, its etiology and pathophysiology have not
been fully elucidated. It has been reported aberrations in the regulation of
the cell cycle and cell differentiation, such as CDK1 and HOXA10 genes
that could be involved in the proliferation and malignant transformation,
two processes linked to endometriosis (Charrasse et al., 2000; Ito et al.,
2005; Tang et al., 2009; Taylor et al., 1998; Taylor et al., 1997; Van
Langendonckt et al., 2010). Moreover, a reduced apoptotic index with
overexpression of anti-apoptotic and downregulation of pro-apoptotic
genes has been shown in endometriotic lesions (Dmowski et al., 2001;
Gebel et al., 1998; Harada et al., 2004; Meresman et al., 2000; Nasu
et al., 2011). In addition, an alteration of the lipid metabolism signaling
pathway, which is closely linked to the inflammatory process, has been
also reported in women with endometriosis (Liu et al., 2021; Lo Vasco
et al., 2012).

Currently, it is suspected that the interaction of genetic and environ-
mental factors could be crucial in the onset and development of the disease
since there is a growing number of women with this estrogen-dependent
disease. For that reason, women exposure to chemicals with hormonal ac-
tivity (so called endocrine-disrupting chemicals, EDCs) has been postulated
as potential risk factors for endometriosis (Smarr et al., 2016). In fact, we
have previously showed that the magnitude of women exposure to various
congeners of parabens (PBs) and benzophenones (BPs) was related to a
higher consumption of cosmetics and personal care products (PCPs) and
that they could be associated with an increased risk of endometriosis
(Peinado et al., 2021). The family of PBs, which includes methyl- (MeP),
ethyl- (EtP), propyl- (PrP), and butyl-paraben (BuP) congeners, are alkyl
esters of p-hydroxybenzoic acid commonly used in a wide range of PCPs,
pharmaceuticals, food, and beverages for their antimicrobial and preserva-
tive properties (Błędzka et al., 2014; Darbre and Harvey, 2008; Iribarne-
Durán et al., 2020; Moos et al., 2015). The congeners of the BPs, which
includes BP-1, BP-3 and 4-OHBP congeners, are frequently added as syn-
thetic UVfilters and used in a wide range of cosmetics and PCPs, food pack-
agingmaterials, and textiles (Molins-Delgado et al., 2016). Themain routes
of human exposure to PBs and BPs are dermal absorption of PCPs and con-
sumption of pharmaceuticals and foods (Benech-Kieffer et al., 2000; Díaz-
Cruz et al., 2012; Janjua et al., 2008; Schlumpf et al., 2010). Both of them
are considered EDCs because of their (anti-)estrogenic, (anti-)androgenic
and/or (anti-)thyroid actions (Charles and Darbre, 2013; Chen et al.,
2007; Darbre and Harvey, 2008; Kerdivel et al., 2013; Molina-Molina
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et al., 2008). However, the mechanisms of action of these EDCs in the path-
ophysiology of endometriosis are still unknown.

Therefore, the aim of this study was to describe the expression levels in
endometriotic tissue of 13 genes involved in four signaling pathways related
with the development and progression of endometriosis (cell cycle, apopto-
sis, cell differentiation and lipid metabolism), and to explore their potential
associations with women exposure to PBs and BPs. Despite the variety
of chemicals released from cosmetics and PCPs (including bisphenols,
phthalates, camphenes, dimeticones and oxycinnamates, among others),
the selection of these two families of chemicals was based on (i) the large ev-
idence on the relationship between cosmetic and PCP consumption - PB/BP
exposure - health adverse effects in women, (ii) the previous evidence
supporting a relationship between PB/BP exposure and endometriosis
risk (Kunisue et al., 2012; Peinado et al., 2021) and (iii) the lack of
knowledge on the adverse outcome pathways between PB/BP exposure
and endometriosis.

2. Material and methods

2.1. Study population and sample collection

This study is enclosed in a wider research project (EndEA study,
Endometriosis y Exposición Ambiental) focused on the elucidation of the
contribution of EDCs to endometriosis and their potential mechanisms
of action, which has been described elsewhere (Peinado et al., 2020;
Peinado et al., 2021). This cross-sectional studywas conducted in a subsam-
ple of 33 women with confirmed endometriosis by laparotomy or laparo-
scopic surgery and further histological confirmation, recruited between
January 2018 and July 2019 in two public hospitals (‘San Cecilio’ and
‘Virgen de las Nieves’) in Granada, Southern Spain. Inclusion criteria
were: premenopausal woman aged between 20 and 54 years, receipt of ab-
dominal surgery, and body mass index (BMI) below 35 kg/m2. Exclusion
criteria were: history of cancer (except non-melanoma skin cancer), preg-
nancy at study enrolment, and inability to read and sign the informed con-
sent document. Cases were categorized in stages I/II and III/IV according to
Revised American Fertility Society's classification (Canis et al., 1997).
Informed consent was obtained from each participant, and the study was
approved by the Research Ethics Committee of Granada.

Before surgery, all participants were clinically examined and anthropo-
metric characteristics were collected, recording their height and weight for
calculation of their body mass index (BMI). In addition, epidemiological
and clinical questionnaires were completed by the women to collect socio-
demographic, lifestyle and clinical information, and surgical questionnaires
were completed by the surgeons, gathering data on: age (years), residence
(rural or urban/sub-urban), educational level (university degree or less),
working outside the home (yes or no), current smoker (yes or no), parity
(nulliparous or primiparous/multiparous), average intensity of menstrual
bleeding (spotting/light or moderate/heavy), and endometrioma location
(deep infiltrating endometriosis or ovarian/peritoneal endometriosis).
First morning urine samples were collected the same day immediately be-
fore surgery and divided into 1 mL aliquots. Endometriotic tissue samples
(3 g) were collected intraoperatively by the surgeon, avoiding any potential
risk to the patient's health. Both urine and endometriotic tissue samples
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were placed in PB- and BP-free glass tubes, anonymously coded, and imme-
diately stored at−80 °C at the Biobank of the Public AndalusianHealthcare
System until further laboratory analyses. Banking of biological samples and
completion of questionnaires followed the standardized procedures of the
EHPect project (http://endometriosisfoundation.org/ephect/).

2.2. Chemical extraction and analysis

A total of four PB [methyl- (MeP), ethyl- (EtP), propyl- (PrP) and
butyl-paraben (BuP)] and 3 BP congeners [benzophenone-1 (BP-1),
benzophenone-3 (BP-3), and 4-hydroxybenzophenone (4-OHBP)] were
analyzed in urine samples. Chemical extraction of PBs and BPs were
carried out through dispersive liquid-liquid microextraction (DLLME),
while chemical quantification was performed with a ultra-high perfor-
mance liquid chromatography with tandem mass spectrometry (UHPLC-
MS/MS), as previously described (Vela-Soria et al., 2014).

Briefly, samples were centrifuged (2600 xg for 10 min) and 1.0 mL
sample was used. Then, samples were enzymatically treated with β-
glucuronidase/sulfatase, previously prepared by dissolving 10 mg of β-
glucuronidase/sulfatase (3·106 U g solid−1) in 15 mL of 1 M ammonium
acetate/acetic acid buffer solution (pH 5.0), in order to determine the
total amount (free and conjugated) of the aforementioned chemicals.
After incubation (at 37 °C for 24 h), 20 μL of labeled standards solution
(5 mg·L−1 of EtP_13C6, 2 mg·L−1 of BPA\\D16, and 2 mg·L−1 of BP-D10)
were added and the samples were diluted with 10 mL of 10 % aqueous
NaCl solution (pH 2.0, adjusted with 0.5 M HCl). Then, a mixture of 1 mL
of acetone (dispersing solvent) and 0.5 mL of trichloromethane (extraction
solvent) was added, and samples were shakenmanually for 30 s and centri-
fuged at 4000 xg for 10min. Next, the organic phasewas carefully collected
from the bottom of the glass tube using a 1 mL pipette and placed in 2 mL
glass vials. The extractwas evaporated under a nitrogen stream, and the res-
idue was dissolved with 100 μL of an acetonitrile/water mixture and vor-
texed for 30 s. The extract was then ready for analysis by UHPLC-MS/MS.
The limit of detection (LOD) was determined as the minimum detectable
amount of analyte with a signal-to-noise ratio ≥ 3. The LODs obtained
were 0.05 ng/mL for BP-1, 0.06 ng/mL for BP-3 and 4-OHBP, and
0.10 ng/mL for MeP, EtP, PrP, and BuP.

2.3. RNA isolation and quantitative real-time polymerase chain reaction
(qRT-PCR)

Total RNA from 30mg of endometriotic tissue samples was extracted
using QIAzol reagent (Qiagen, Germany) and RNeasy Mini kit (Qiagen,
Hilden, Germany) according to the manufacturer's protocol. RNA con-
centration was determined by spectrophotometer using a NanoDrop
2000 instrument (Thermo Fisher Scientific, Waltham, MA, USA) and
the A260/A280 ratio was comprised between 1.8 and 2.2 for each sam-
ple. Reverse transcription was performed using an iScript cDNA synthe-
sis kit (Bio-Rad Laboratories, Hercules, California, USA) according to
the manufacturer's instructions. For qRT-PCR, cDNA samples, as well
as SsoAdvanced Universal SYBR Green Supermix and specific primers
(Supplementary Table S1) purchased from Bio-Rad (Bio-Rad Laborato-
ries, Hercules, California, USA) were used. Gene expression levels
were detected using a CFX96 RealTime PCR detection system (Bio-Rad
Laboratories, Hercules, California, USA), and they were standardized
to the levels of glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
using the 2− ΔΔCt method.

Differential expression levels of 13 genes from 4 different cell signaling
pathways was explored: cell cycle [BMI1 Proto-Oncogene, Polycomb Ring
Finger (BMI1), Cyclin B1 (CCNB1) and Cyclin Dependent Kinase 1 (CDK1)],
apoptotsis [BCL2-associated X Protein (BAX), BCL2 Like 1 (BCL2L1),
Forkhead Box P3 (FOXO3) and Secreted Phosphoprotein 1 (SPP1)], cell
differentiation [Homeobox A10 (HOXA10), Platelet Derived Growth Factor
Receptor Alpha (PDGFRA) and SRY-Box Transcription Factor 2 (SOX2)],
and lipid metabolism [Apolipoprotein E (APOE), Phospholipase C Gamma
1 (PLCG1) and Phospholipase C Gamma 2 (PLCG2)].
3

2.4. Statistical analysis

Categorical variables were expressed as percentages, while urinary
concentrations of individual BP and PB congeners, ƩPBs and ƩBPs, and
gene expression levels were expressed as means±standard deviation and
percentiles (25, 50 and 75). Given their non-normal distribution, both
exposure and gene expression variables were log-transformed.

Correlations between PB and BP concentrations and gene expression
levels were calculated by Spearman's rank correlation coefficient. In addi-
tion, bivariate linear regression models were used to explore associations
between gene expression levels and PB/BP exposure concentrations. Fi-
nally, alternative models were created after exposure categorization into
high and low exposure (based on median value of each PB/BP congener),
expressing the results as β with 95 % confidence intervals. Those genes
expressed in 25–75 % of the samples were considered as dichotomous
variables (detected/not detected), and associations with PBs and BPs
were evaluated using bivariate logistic regression models. Associations
with PB/BPs were not explored for those genes expressed in <25 % of the
samples. Moreover, the potential confounding effect of sociodemographic
and reproductive characteristics was explored by introducing individual
variables in the regression models.

All analyses were performed using SPSS Statistics 23.0 (IBM, Chicago,
IL). Associationswith p-values<0.050were considered significant, although
given the limited sample size, associations yielding p-values between 0.050
and 0.100 were also cautiously discussed The post-hoc analysis to estimate
the power (1-β) of the statistical analysis was conducted using G*Power
3.1.9.7 statistical software (Düsseldorf University, Düsseldorf, Germany).
Considering the Spearman correlation analyses, the power of the associa-
tions found ranged from 65 % to 98 % (ρ coefficients ranging from 0.48 to
0.65; n= 22).

3. Results

3.1. Characteristics of the study population and PB and BP concentrations

Sociodemographic and reproductive characteristics of the study popula-
tion are shown in Table 1. Considering the 33 cases included in this study,
the mean (±standard deviation) age was 38.0 (±7.3) years old, and the
majority had a normal weight (body mass index <25 Kg/m2; n = 20,
60.6 %). A total of 19 women (57.6 %) lived in rural areas, 24 (72.7 %)
hold a job outside home and 12 (36.4 %) had a university degree. A total
of 21 women (63.6 %) reported a moderate/heavy menstrual bleeding
intensity, 15 (45.5 %) were nulliparous, 25 (75.8 %) had ovarian/peritoneal
endometriosis and 21 (63.6%)were diagnosedwith stage I/II endometriosis.

From those 33 women that comprises the entire study population, ade-
quate urine sample volume for exposure assessment was only available
from 22 cases, and therefore, associations between exposure and gene ex-
pression were accomplished in this subsample. No statistically significant
differences in sociodemographic and reproductive characteristics were
found between this subset of the population included in the analyzes
(n = 22) and the subset of the population not included in the analyses
(n=11), except for the higher percentage of participantswhowork outside
the home in the latter (Supplementary Table S2). Urinary concentrations of
PBs and BPs in endometriosis patients participating in the EndEA study
were previously reported (Peinado et al., 2021). Regarding our subsample
(n= 22), detectable concentrations of the four PB and the three BP conge-
ners were found in all the analyzed samples, with MeP and BP-3 as the PB
and BP congeners found in highest concentrations, respectively (Supple-
mentary Table S3).

3.2. Gene expression levels and associations with PB and BP concentrations

Arithmetic means, standard deviations and percentiles of gene expres-
sion levels in endometriotic tissue from the total population are shown in
Table 2. A total of 7 genes (53.8%)were expressed in>75%of the samples,
while 3 (23.1%)were expressed in 50–75%of samples. In particular, 2 of 5
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Table 1
Characteristics of study population (n = 33).

n % n %

Sociodemographic characteristics Educational level
Age (years)a 38.0 ± 7.3 Less than university degree 21 63.6
Weight (kg)a 67.6 ± 14.7 University degree 12 36.4
Height (m)a 1.6 ± 0.1 Working outside home
Body mass index (kg/m2)a 25.3 ± 5.3 Yes 24 72.7

Normal weight (BMI < 25) 20 60.6 No 9 27.3
Overweight/Obese (BMI > 25) 13 39.4 Current smoker

Residence Yes 10 30.3
Rural 19 57.6 No 23 69.7
Urban /sub-urban 14 42.4 Urinary creatinine (ng/mL)a 152.3 ± 68.3

Reproductive characteristics Endometrioma location
Parity Deep infiltrating endometriosis 8 24.2

Nulliparous 15 45.5 Ovarian/peritoneal endometriosis 25 75.8
Primiparous/Multiparous 18 54.5 Endometriosis stage

Intensity of menstrual bleeding I/II 21 63.6
Spotting/light 12 36.4 III/IV 12 36.4
Moderate/heavy 21 63.6

a Mean ± standard deviation
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genes related to cell cycle (BMI and CDK1), 3 of 4 genes related to apoptosis
(BAX, BCL2L1 and FOXO3), 2 out 3 genes related to cell differentiation
(HOXA10 and PDGFRA) and 2 of 3 genes related to lipid metabolism
(APOE and PLCG2) were expressed in >50 % of the samples. Gene ex-
pression levels in the subsample of patients with both measurements
(exposure and gene expression) (n = 22) are summarized in Supplemen-
tary Table S4.

Results from the linear (or logistic) regression analyses carried out to
assess the associations between urinary concentrations of PBs and BPs
and gene expression levels in endometriotic tissue samples are shown in
Tables 3-6. Moreover, results from Spearman correlations analyses are
shown in Supplementary Table S5.

Urinary concentrations of MeP, BuP and ƩPBs were associated with
increased CDK1 expression levels (Table 3). These associations were also
corroborated after exposure dichotomization, with higher expression levels
of CDK1 in those women with higher exposure to these PB congeners.
A close-to-significant positive association was also observed between
4-OHBP and BMI1 when exposure was dichotomized (p-value = 0.088).
No significant associations were observed between PB exposure and
CCNB1 gene expression levels. Similarly, no associations were found be-
tween exposure to BPs and selected cell cycle-related genes.

Regarding apoptosis-related genes, no association was observed be-
tween any PB/BP congener and BAX, BCL2L1, BAX/BCL2L1 ratio nor
FOXO3 when exposure was considered as a continuous variable (Table 4).
Table 2
Gene expression levels in endometriotic tissue.

Cell pathway Gene

Expression
frequency (n,%)

Me

Cell cycle BMI1 20 60.6 8.61E
CCNB1 9 27.3 1.16E
CDK1 30 90.9 1.66E

Apoptosis BAX 26 78.8 2.66E
BCL2L1 29 87.9 2.42E

BAX/BCL2L1 26 78.8 1.13E
FOXO3 32 97.0 1.54E
SPP1 10 30.3 9.65E

Cell differentiation HOXA10 33 100.0 1.49E
PDGFRA 32 97.0 7.85E
SOX2 16 48.5 3.23E

Lipid metabolism APOE 19 57.6 5.09E
PLCG1 1 3.0 3.43E
PLCG2 25 75.8 1.21E

St. Dev.: standard deviation; BMI1: BMI1 Proto-Oncogene, Polycomb Ring Finger; CCN
BCL2L1: BCL2 Like 1; FOXO3: Forkhead Box P3; SPP1: Secreted Phosphoprotein 1; HO
SOX2: SRY-Box Transcription Factor 2; ApoE: Apolipoprotein E; PLCG1: Phospholipase

4

However, we observed a close-to-statistical association between increased
expression levels of BCL2L1 and higher concentrations of BuP (p-value =
0.095). In relation to FOXO3, decreased expression levels were observed
in those with higher EtP concentrations, although the association was
close to the statistical significance (p-value= 0.097). Moreover, Spearman
correlation analyses also revealed a close-to-significance inverse correla-
tion between FOXO3 expression levels and exposure to both EtP and PrP
(p-value = 0.074 and 0.096, respectively) (Supplementary Table S5).

HOXA10 expression levels were increased in those women with higher
exposure to MeP and ƩPBs, the latter association being close to the statisti-
cal significance (p-value= 0.068) (Table 5). Similarly, PDGFRA expression
levels were increased in those women with higher concentrations of BuP,
while the positive association found with the concentrations of MeP and
ƩPBs did not reach the statistical significance (p-values = 0.058 and
0.052, respectively). Finally, no association was observed between PB/BP
exposure and SOX2 expression levels.

A close-to-significant association was found between APOE overexpres-
sion and 4-OHBP concentrations (p-value= 0.061) (Table 6). A similar but
significant association was observed when 4-OHBP exposure was consid-
ered as a dichotomous variable. Finally, overexpression of PLCG2 was
found to be associated with PrP concentrations, which was also was corrob-
orated in Spearman correlation analyses (Supplementary Table S5). More-
over, overexpression of PLCG2 was observed in those women with higher
BP-3 concentrations.
Total cases (n = 33)

an St. Dev Percentiles

25 50 75

+07 1.14E+08 n.e. 7.03E+07 1.22E+08
+05 3.02E+05 n.e. n.e. 9.44E+04
+08 8.67E+08 7.06E+05 1.97E+06 6.98E+06
+07 2.81E+07 4.78E+05 2.09E+07 4.12E+07
+08 7.47E+08 4.71E+07 1.03E+08 1.89E+08
+12 6.42E+12 1.38E-02 2.59E-01 3.59E-01
+08 4.70E+08 2.44E+07 6.12E+07 1.09E+08
+06 4.44E+07 n.e. n.e. 2.69E+04
+08 4.31E+08 2.94E+07 5.67E+07 1.14E+08
+08 3.77E+09 1.13E+07 3.15E+07 1.07E+08
+06 5.26E+06 n.e. 4.52E+05 5.08E+06
+07 1.86E+08 n.e. 1.59E+05 1.29E+06
+03 1.91E+04 n.e. n.e. n.e.
+06 2.44E+06 7.73E+03 1.52E+05 1.49E+06

B1: Cyclin B1; CDK1: Cyclin Dependent Kinase 1; BAX: BCL2-associated X Protein;
XA10: Homeobox A10; PDGFRA: Platelet Derived Growth Factor Receptor Alpha;
C Gamma 1; PLCG2: Phospholipase C Gamma 2; n.e.: not expressed.



Table 3
Association between PB and BP concentrations and expression of genes involved in cell cycle.

BMI1 CCNB1 CDK1

OR 95 % CI p-Value OR 95 % CI p-Value β 95 % CI p-Value

Parabens
MeP 0.73 0.44 1.21 0.223 0.71 0.39 1.30 0.711 0.63 0.26 1.00 0.002

<39.26 ng/mL 1.00 – – 1.00 – – 0.00 – –
>39.26 ng/mL 0.45 0.08 2.67 0.379 0.18 0.02 0.92 0.154 1.99 0.42 3.56 0.016

EtP 0.94 9.64 1.32 0.747 0.83 0.53 1.31 0.415 0.23 −0.54 1.00 0.535
<4.51 ng/mL 1.00 – – 1.00 – – 0.00 – –
>34.51 ng/mL 0.45 0.08 2.67 0.379 1.69 0.22 12.81 0.613 1.17 −0.59 2.92 0.179

PrP 1.01 0.67 1.52 0.974 1.21 0.75 1.95 0.438 0.27 −0.18 0.62 0.263
<2.54 ng/mL 1.00 – – 1.00 – – 0.00 – –
>2.54 ng/mL 2.22 0.38 13.18 0.379 5.71 0.52 62.66 0.154 0.08 −1.57 1.72 0.925

BuP 1.27 0.69 2.36 0.441 0.52 0.20 1.37 0.183 0.72 0.23 1.21 0.007
<0.14 ng/mL 1.00 – – 1.00 – – 0.00 – –
>0.14 ng/mL 1.33 0.23 7.63 0.746 0.47 0.06 3.57 0.463 2.31 0.85 3.77 0.004

ΣPBs 0.74 0.45 1.23 0.250 0.70 0.37 1.32 0.267 0.67 0.30 1.05 0.001
<53.31 ng/mL 1.00 – – 1.00 – – 0.00 – –
>53.31 ng/mL 0.45 0.08 2.67 0.379 0.18 0.02 1.92 0.154 2.05 0.50 3.61 0.012

Benzophenones
BP-1 0.66 0.27 1.64 0.369 1.41 0.51 3.96 0.510 −0.25 −1.12 0.62 0.551

<1.42 ng/mL 1.00 – – 1.00 – – 0.00 – –
>1.42 ng/mL 0.45 0.08 2.67 0.379 1.69 0.22 12.81 0.613 −0.02 −1.83 1.88 0.980

BP-3 0.76 0.37 1.56 0.453 0.91 0.44 1.88 0.792 0.17 −0.54 0.87 0.627
<2.53 ng/mL 1.00 – – 1.00 – – 0.00 – –
>2.53 ng/mL 2.22 0.38 13.18 0.379 1.69 0.22 12.81 0.613 0.86 −0.95 2.67 0.330

4-OHBP 1.72 0.54 5.50 0.362 2.05 0.56 7.53 0.278 0.26 −0.85 1.38 0.626
<0.73 ng/mL 1.00 – – 1.00 – – 0.00 – –
>0.73 ng/mL 5.40 0.78 37.51 0.088 5.71 0.52 62.66 0.154 −0.03 −1.88 1.82 0.740

ΣBPs 0.67 0.25 1.84 0.441 1.16 0.38 3.54 0.796 −0.08 −1.13 0.97 0.877
<7.43 ng/mL 1.00 – – 1.00 – – 0.00 – –
>7.43 ng/mL 1.00 0.18 5.68 1.000 0.59 0.08 4.50 0.613 −0.39 −2.24 1.46 0.661

CI: confidence intervals; MeP: methylparaben; EtP: ethylparaben; PrP: propylparaben; BuP: buthylparaben; PB: paraben; BP-1: benzophenone-1; BP-3: benzophenone-3; 4-
OHBP: 4-hydroxibenzophenone; BP: benzophenone; BMI1: BMI1 Proto-Oncogene, Polycomb Ring Finger; CCNB1: Cyclin B1; CDK1: Cyclin Dependent Kinase 1. Bold and
italics: p-value<0.05.

Table 4
Association between PB and BP concentrations and expression of genes involved in apoptosis.

BAX BCL2L1 BAX/BCL2 FOXO3

β 95 % CI p-Value β 95 % CI p-Value β 95 % CI p-Value β 95 % CI p-Value

Parabens
MeP 0.01 −0.21 0.24 0.898 −0.04 −1.07 0.99 0.938 −0.43 −2.45 1.59 0.660 −0.11 −0.40 0.17 0.424

<39.26 ng/mL 0.00 – – 0.00 – – 0.00 – – 0.00 – –
>39.26 ng/mL 0.14 −0.75 1.04 0.739 −1.17 −5.08 2.74 0.539 −3.25 −11.28 4.77 0.403 −0.06 −1.51 1.40 0.938

EtP 0.03 −0.18 0.25 0.752 −0.27 −1.11 0.57 0.505 0.21 −1.75 2.17 0.822 −0.15 −0.42 0.12 0.264
<4.51 ng/mL 0.00 – – 0.00 – – 0.00 – – 0.00 – –
>34.51 ng/mL 0.26 −0.63 1.15 0.543 −1.93 −5.78 1.91 0.305 5.17 −2.57 12.91 0.176 −1.12 −2.47 0.22 0.097

PrP 0.00 −0.21 0.21 0.997 −0.02 −0.97 0.93 0.967 −0.91 −2.74 0.93 0.309 −0.22 −0.50 0.06 0.122
<2.54 ng/mL 0.00 – – 0.00 – – 0.00 – – 0.00 – –
>2.54 ng/mL −0.18 −1.06 0.69 0.661 1.29 −2.62 5.19 0.499 −2.58 −10.52 5.36 0.501 −0.92 −2.30 0.46 0.179

BuP 0.08 −0.19 0.35 0.541 0.89 −0.34 2.12 0.147 −1.20 −3.61 1.20 0.304 −0.50 −0.57 0.46 0.835
<0.14 ng/mL 0.00 – – 0.00 – – 0.00 – – 0.00 – –
>0.14 ng/mL 0.52 −0.31 1.35 0.200 3.11 −0.59 6.81 0.095 −4.12 −11.82 3.58 0.273 0.21 −1.23 1.66 0.760

ΣPBs 0.03 −0.21 0.27 0.803 −0.07 −1.14 1.00 0.898 −0.48 −2.64 1.67 0.642 −0.14 −0.49 0.21 0.418
<53.31 ng/mL 0.00 – – 0.00 – – 0.00 – – 0.00 – –
>53.31 ng/mL 0.01 −0.89 0.90 0.990 −1.28 −5.19 2.62 0.500 −3.26 −11.28 4.77 0.403 −0.74 −2.15 0.66 0.281

Benzophenones
BP-1 0.15 −0.24 0.54 0.436 0.33 −1.57 2.24 0.717 1.16 −2.45 4.78 0.505 0.15 −0.54 0.85 0.652

<1.42 ng/mL 0.00 – – 0.00 – – 0.00 – – 0.00 – –
>1.42 ng/mL 2.78 −0.98 6.55 0.137 1.81 −2.04 5.67 0.337 3.32 −4.70 11.34 0.393 0.95 −0.43 2.33 0.166

BP-3 −0.11 −0.46 0.24 0.505 −0.10 −1.64 1.44 0.893 2.37 −0.61 5.35 0.111 −0.13 −0.57 0.31 0.530
<2.53 ng/mL 0.00 – – 0.00 – – 0.00 – – 0.00 – –
>2.53 ng/mL −0.23 −1.10 0.64 0.585 1.56 −2.32 5.44 0.410 2.98 −4.92 10.88 0.436 0.61 −0.81 2.03 0.383

4-OHBP 0.38 −0.16 0.92 0.153 0.70 −1.7365 3.145 0.553 −2.51 −7.59 2.58 0.312 −0.06 −0.69 0.57 0.833
<0.73 ng/mL 0.00 – – 0.00 – – 0.00 – – 0.00 – –
>0.73 ng/mL 0.49 −0.35 1.33 0.236 2.22 −1.59 6.03 0.237 −4.18 −11.93 3.57 0.269 0.12 −1.33 1.57 0.863

ΣBPs 0.00 −0.51 0.50 0.992 0.33 −1.95 2.61 0.766 3.38 −0.86 7.62 0.111 0.09 −0.69 0.87 0.815
<7.43 ng/mL 0.00 – – 0.00 – – 0.00 – – 0.00 – –
>7.43 ng/mL 0.46 −0.40 1.33 0.272 1.69 −2.18 5.56 0.372 3.22 −4.81 11.26 0.407 0.60 −0.82 2.02 0.386

CI: confidence intervals; MeP: methylparaben; EtP: ethylparaben; PrP: propylparaben; BuP: buthylparaben; PB: paraben; BP-1: benzophenone-1; BP-3: benzophenone-3; 4-
OHBP: 4-hydroxibenzophenone; BP: benzophenone; BAX: BCL2-associated X Protein; BCL2L1: BCL2 Like 1; FOXO3: Forkhead Box P3; SPP1: Secreted Phosphoprotein 1.
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Table 5
Association between PB and BP concentrations and expression of genes involved in cell differentiation.

HOXA10 PDGFRA SOX2

β 95 % CI p-Value β 95 % CI p-Value OR 95 % CI p-Value

Parabens
MeP 0.13 −0.05 0.30 0.145 0.21 −0.09 0.50 0.159 0.75 0.36 1.57 0.446

<39.26 ng/mL 0.00 – – 0.00 – – 1.00 – –
>39.26 ng/mL 0.79 0.20 1.38 0.012 1.04 −0.04 2.11 0.058 0.43 0.06 2.97 0.391

EtP 0.03 −0.12 0.17 0.720 0.11 −0.14 0.35 0.376 1.02 0.58 1.81 0.936
<4.51 ng/mL 0.00 – – 0.00 – – 1.00 – –
>34.51 ng/mL −0.05 −0.75 0.66 0.893 −0.10 −1.30 1.09 0.858 0.22 0.03 1.71 0.148

PrP −0.02 −0.19 0.14 0.785 0.13 −0.12 0.36 0.287 1.23 0.72 2.13 0.450
<2.54 ng/mL 0.00 – – 0.00 – – 1.00 – –
>2.54 ng/mL −0.37 −1.06 0.31 0.268 −0.04 −1.23 1.16 0.948 4.50 0.59 34.61 0.148

BuP 0.08 −0.15 0.31 0.459 0.51 0.12 0.91 0.014 0.55 0.25 1.17 0.118
<0.14 ng/mL 0.00 – – 0.00 – – 1.00 – –
>0.14 ng/mL 0.47 −0.20 1.14 0.160 1.02 −0.31 2.35 0.123 0.67 0.10 4.35 0.672

ΣPBs 0.13 −0.06 0.31 0.163 0.22 −0.08 0.52 0.142 0.76 0.35 1.62 0.471
<53.31 ng/mL 0.00 – – 0.00 – – 1.00 – –
>53.31 ng/mL 0.60 −0.05 1.24 0.068 1.06 −0.01 2.13 0.052 0.43 0.06 2.97 0.391

Benzophenones
BP-1 −0.28 −0.73 0.18 0.217 −0.56 −1.42 0.29 0.185 2.02 0.74 5.48 0.168

<1.42 ng/mL 0.00 – – 0.00 – – 1.00 – –
>1.42 ng/mL −0.45 −1.41 0.50 0.330 −0.78 −2.57 1.02 0.378 4.50 0.59 34.61 0.148

BP-3 −0.13 −0.39 0.14 0.332 −0.09 −0.60 0.43 0.733 0.89 0.47 1.70 0.725
<2.53 ng/mL 0.00 – – 0.00 – – 1.00 – –
>2.53 ng/mL −0.39 −1.08 0.29 0.241 0.06 −1.36 1.47 0.936 1.50 0.23 9.80 0.672

4-OHBP 0.03 −0.40 0.46 0.900 −0.27 −1.13 0.58 0.509 1.30 0.39 4.38 0.667
<0.73 ng/mL 0.00 – – 0.00 – – 1.00 – –
>0.73 ng/mL 0.00 −0.70 0.71 0.997 −0.39 −1.80 1.01 0.564 1.02 0.16 6.42 0.958

ΣBPs −0.53 −1.24 0.17 0.126 −0.45 −1.04 0.14 0.129 1.42 0.53 3.80 0.479
<7.43 ng/mL 0.00 – – 0.00 – – 1.00 – –
>7.43 ng/mL −0.27 −1.52 0.98 0.658 −0.63 −1.78 0.52 0.265 2.50 0.37 16.89 0.347

CI: confidence intervals; MeP: methylparaben; EtP: ethylparaben; PrP: propylparaben; BuP: buthylparaben; PB: paraben; BP-1: benzophenone-1; BP-3: benzophenone-3; 4-
OHBP: 4-hydroxibenzophenone; BP: benzophenone; HOXA10: Homeobox A10; PDGFRA: Platelet Derived Growth Factor Receptor Alpha; SOX2: SRY-Box Transcription Fac-
tor 2. Bold and italics: p-value<0.05.
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No confounding effect was observed for sociodemographic and repro-
ductive characteristics in associations found, except for educational level
and working outside home (Supplementary Table S6).

4. Discussion

To our best knowledge, this is the first study to explore the potential
association between exposure to EDCs released from cosmetics and PCPs,
and disruption in the expression profiles of genes involved in cell cycle, ap-
optosis, cell differentiation, and lipid metabolism in the ectopic tissue from
women with endometriosis. Most of the genes studied were expressed in
the majority of the samples, and exposure to certain PB and BP congeners
were related to the overexpression of genes involved in cell cycle promo-
tion, cell differentiation and lipid metabolism disruption.

Cell cycle has been identified as a crucial cell signaling pathway altered
in women with endometriosis (Sahraei et al., 2022) with overexpression of
cell cycle promoting genes in ectopic tissue (Tang et al., 2009). Recent stud-
ies have also related exposure to PBs/BPs with deregulation of a variety of
cell cycle genes in in vivomodels of gynecological disorders such as ovarian
cancer (Park et al., 2013) and altered steroidogenesis and antral follicle
growth (Gal et al., 2019). In line with these previous studies, we have
observed that CDK1 gene overexpression was associated with exposure to
PBs. Lee et al. (2014) also reported a positive association between exposure
to bisphenol A (BPA), another estrogenic EDC, and CDK1 expression levels
in breast cancer cell lines. CDK1 is a crucial gene for cell cycle regulation,
orchestrating the G2 toM transition (Jin et al., 1998) and has been reported
to be involved in the development of endometriosis (Chen et al., 2021; Tang
et al., 2009). Moreover, we have also detected a close-to-significant overex-
pression of BMI1 in those women with higher exposure to 4-OHBP. BMI1 is
another key gene involved in cell cycle regulation, which is negatively
regulated by p16 and p19 tumor suppressor proteins (Bracken et al.,
2007; Bruggeman et al., 2005; Jacobs et al., 1999; Molofsky et al., 2005).
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Although the role of BMI1 in the pathophysiology of endometriosis is still
unknown, increased BMI1 levels have been detected in endometriotic tis-
sues (Forte et al., 2009; Ponandai-Srinivasan et al., 2020). In line with
these previous findings, our results suggest that exposure to 4-OHBP
might contribute to the upregulation of BMI1 gene, deregulating the cell
cycle and, thus, favoring the proliferation of endometriosis. A recent
study also described the disruptive potential of BPA in BMI1 gene regula-
tion (Li et al., 2021).

Cell differentiation is another important process in the endometriosis
pathophysiology, with some theories suggesting that the origin of this dis-
ease might be the result of the differentiation of various cell types into
endometrial-like cells (Klemmt and Starzinski-Powitz, 2018). Several genes
could be involved in this process, including the HOXA10 gene. HOXA10
gene has been related to the differentiation of embryonic tissues to endome-
trial tissue and it was shown to be abnormally expressed in different types of
endometriotic lesions (Browne and Taylor, 2006; Van Langendonckt et al.,
2010; Zanatta et al., 2015). The results of our study showed increased ex-
pression in endometriotic tissues from those women with higher concentra-
tions of MeP. PDGFRA gene, that encodes a protein that participates in the
activation of a series of proteins involved in a variety of signaling pathways,
such as multipotent stem cell differentiation as well as cell growth, prolifer-
ation and survival (Bartoletti et al., 2020), is also overexpressed in ectopic
tissues in comparison with eutopic endometrium (Matsuzaki et al., 2006).
Our findings showed a positive association between exposure to BuP and
PDGFRA and close-to-statistical associations with exposure to MeP and
ƩPBs. Thus, taken together, these findings might support the hypothesis of
a potential role of exposure to cosmetic- and PCP-released EDCs favoring
differentiation of multiponent stem cells into endometriotic cells.

Alterations in lipid metabolism have also been related to the onset and
progression of endometriosis (Lu et al., 2023), identifying the deregulation
of several lipids such as phosphatidylcholines, sphingomyelins, phosphati-
dylethanolamines, and triglycerides (Adamyan et al., 2018; Dutta et al.,



Table 6
Association between PB and BP concentrations and expression of genes involved in
lipid metabolism.

APOE PLCG2

OR 95 % CI p-Value β 95 % CI p-Value

Parabens
MeP 0.90 0.57 1.42 0.652 0.02 −0.62 0.66 0.942

<39.26 ng/mL 1.00 – – 0.00 – –
>39.26 ng/mL 0.31 0.05 1.85 0.200 0.72 −1.33 2.78 0.462

EtP 1.01 0.69 1.47 0.967 −0.05 0.54 0.44 0.826
<4.51 ng/mL 1.00 – – 0.00 – –
>34.51 ng/mL 1.46 0.26 8.05 0.665 −0.50 −2.57 1.58 0.617

PrP 1.09 0.73 1.63 0.682 0.50 0.02 0.99 0.043
<2.54 ng/mL 1.00 – – 0.00 – –
>2.54 ng/mL 3.20 0.54 18.98 0.200 1.73 −0.12 3.58 0.064

BuP 0.79 0.45 1.392 0.412 0.59 −0.28 1.47 0.167
<0.14 ng/mL 1.00 – – 0.00 – –
>0.14 ng/mL 0.93 0.17 5.15 0.937 1.07 −0.94 3.07 0.272

ΣPBs 0.89 0.55 0.42 0.612 0.05 −0.60 0.70 0.872
<53.31 ng/mL 1.00 – – 0.00 – –
>53.31 ng/mL 0.69 0.12 3.78 0.665 1.29 −0.69 3.27 0.185

Benzophenones
BP-1 1.63 0.67 3.97 0.283 0.20 −0.77 1.17 0.667

<1.42 ng/mL 1.00 – – 0.00 – –
>1.42 ng/mL 1.46 0.26 8.05 0.665 0.08 −2.03 2.19 0.935

BP-3 1.05 0.56 1.97 0.887 0.20 −0.47 0.87 0.538
<2.53 ng/mL 1.00 – – 0.00 – –
>2.53 ng/mL 3.20 0.54 18.98 0.200 1.93 0.14 3.73 0.037

4-OHBP 4.13 0.94 18.21 0.061 0.28 −0.87 1.43 0.613
<0.73 ng/mL 1.00 – – 0.00 – –
>0.73 ng/mL 7.88 1.11 56.12 0.039 0.15 −1.95 2.24 0.884

ΣBPs 1.55 0.59 4.11 0.378 0.31 −0.71 1.32 0.530
<7.43 ng/mL 1.00 – – 0.00 – –
>7.43 ng/mL 3.20 0.54 28.98 0.200 0.68 −1.37 2.74 0.487

CI: confidence intervals;MeP:methylparaben; EtP: ethylparaben; PrP: propylparaben;
BuP: buthylparaben; PB: paraben; BP-1: benzophenone-1; BP-3: benzophenone-3; 4-
OHBP: 4-hydroxibenzophenone; BP: benzophenone; APOE: Apolipoprotein E;
PLCG2: Phospholipase C Gamma 2. Bold and italics: p-value<0.05.
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2016; Ortiz et al., 2021). In fact, some of these deregulated lipids have pro-
posed as potential biomarkers for early diagnosis of endometriosis (Li et al.,
2018). In this sense, ApoE protein, that plays an important role in lipid me-
tabolism (Chen et al., 2005) have been found to be highly expressed in the
follicular fluid of patients with endometriosis in comparison with controls
without endometriosis (Liu et al., 2021). The results of our study showed in-
creased odds of APOE gene expression in endometriotic tissue in women
with higher concentrations of 4-OHBP. Similarly, we have also observed
that women exposure to PrP and BP-3 was associated with increased ex-
pression levels of the PLCG2 gene, which encodes a crucial enzyme in the
phosphoinositide signal transduction system. This is in agreement with
previous studies that demonstrated that PLCG2 was upregulated in endo-
metrial cancer cell lines in response to exposure other EDCs used in cos-
metics such as phthalates (Song and Cho, 2014). Therefore, our findings
suggest that exposure to different congers of PBs and BPs might deregulate
lipid metabolism in endometriotic lesions (Lu et al., 2023).

Apoptosis, i.e. the efficient elimination of cells from tissue without
eliciting an inflammatory response (Kerr et al., 1972), is another physiolog-
ical process that has been found to be deregulated in endometriotic tissues
(Béliard et al., 2004). Hence, various genes involved in apoptosis have
been shown to be deregulated in endometriotic tissues, with a decreased
expression of the pro-apoptotic genes BAX (Meresman et al., 2000), and
an overexpression of the anti-apoptotic gene BCL2L1 (Meresman et al.,
2000). Despite a variety of apoptosis-related genes have been explored in
this study, only few close-to-significant associations was detected between
exposure to BuP and overexpression of BCL2L1 anti-apoptotic gene and
lower expression of the pro-apoptotic FOXO3 gene suggesting that apoptosis
might not be crucially deregulated by women exposure to these chemicals.

The findings of this study should be taken with caution because it has
some limitations: firstly, the sample size was relatively small that could
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decrease the statistical power of explored associations. However, it is
worth tomention that it is highly challenging to gather endometriotic tissue
samples for investigation. Secondly, the fact that undergoing elective sur-
gery for endometriosis was considered one of the inclusion criteria might
have introduced a selection bias. Therefore, despite our study population
included 63.6 % of women with stage I/II endometriosis and 37.4 % with
stage III/IV endometriosis, the extrapolation of these study findings should
bemadewith caution.Moreover, the assessment of exposure through a spot
urine specimen prevented consideration of the variability in daily exposure
to analytes with a relatively short elimination half-life. Nevertheless, sam-
ples were all first-morning urine samples, evidenced to be representative
of the exposure (Deng et al., 2023), taken during hospitalization before en-
dometriosis surgery. In addition, only two families of EDCs weremeasured,
with no evaluation of the combined effect of PBs and BPs alongside other
EDCs. This is of relevance, given the increasing interest in themixed impact
of multiple EDC exposures on human health. Regarding outcome assess-
ment, the random bias that might be attributable to the selected genes
was reduced, at least in part, using awide panel of genes from four different
cell signaling pathways. Finally, the epidemiological findings of this study
were not corroborated through in vivo studies. This study have some
strengths that should be also considered such as the measurement of nu-
merous genes involved in cellular pathways related to the pathophysiology
of endometriosis in endometriotic tissue. Moreover, this study has identi-
fied plausible and consistent associations between gene expression and
exposure to certain PB/BP congeners. The combined investigation of bio-
markers of exposure and potential biomarkers of effect yielded evidence
of different pathways for adverse outcomes in endometriosis.

Taken together, our findings suggest that women exposure to cosmetic-
and PCP-released EDCs (including PBs and BPs) might be associated with
altered gene expression profiles related to the cell cycle, cell differentiation
and lipid metabolism in endometriotic tissues. Given the novelty of these
results, further studies with larger sample sizes and in vivo corroboration
of findings are warranted to shed some light on the impact of human expo-
sure to EDCs on the pathophysiology of endometriosis.

CRediT authorship contribution statement

F.M. Peinado: Investigation, Formal analysis, Writing – original draft.
A. Olivas-Martínez: Investigation, Formal analysis. L.M. Iribarne-Durán:
Investigation. A. Ubiña: Resources, Writing – review & editing. J. León:
Investigation, Writing – review & editing. F. Vela-Soria: Investigation.
J. Fernández-Parra: Resources, Writing – review & editing. M.F.
Fernández:Writing – review& editing.N.Olea:Writing – review& editing.
C. Freire: Investigation, Writing – review & editing. O. Ocón-Hernández:
Conceptualization, Supervision, Funding acquisition, Writing – review &
editing. F. Artacho-Cordón: Conceptualization, Methodology, Supervision,
Formal analysis, Funding acquisition, Writing – review & editing.

Data availability

Data will be made available on request.

Declaration of competing interest

The authors declare no conflicts of interest.

Acknowledgments

This studywas supported by a grant from the SpanishMinistry of Health
(FIS PI17/01743) and the ‘Antonio Chamorro/Alejandro Otero’ Research
Chair. It was also partly supported by the European Union Commission
(The European Human Biomonitoring Initiative H2020-EJP-HBM4EU),
the Spanish Ministry of Health (PI16/01820, PI16/01812, and PI17/
01526), and the Spanish Consortium for Research on Epidemiology and
PublicHealth (CIBERESP). The authors are grateful to the Carlos III Institute
of Health (ISCIII) for the predoctoral research contracts (IFI18/00052,



F.M. Peinado et al. Science of the Total Environment 879 (2023) 163014
FI21/00236 and FI17/00316) granted to F.M. Peinado, A. Olivas-Martínez
and L.M. Iribarne-Durán, respectively, the Miguel Servet type II contract
granted to C. Freire (CPII21/00014) and the José María Segovia de Arana
contract granted to N. Olea (INT18/00060). This paper is part of the PhD
thesis developed by F.M. Peinado under the “Clinical Medicine and Public
Health Program” of the University of Granada.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2023.163014.

References

Adamyan, L.V., Starodubtseva, N., Borisova, A., Stepanian, A.A., Chagovets, V., Salimova, D.,
et al., 2018. Direct mass spectrometry differentiation of ectopic and eutopic endometrium
in patients with endometriosis. J. Minim. Invasive Gynecol. 25, 426–433.

Bartoletti, G., Dong, C., Umar, M., He, F., 2020. Pdgfra regulates multipotent cell differentia-
tion towards chondrocytes via inhibiting Wnt9a/beta-catenin pathway during
chondrocranial cartilage development. Dev. Biol. 466, 36–46.

Béliard, A., Noël, A., Foidart, J.M., 2004. Reduction of apoptosis and proliferation in endome-
triosis. Fertil. Steril. 82, 80–85.

Benech-Kieffer, F., Wegrich, P., Schwarzenbach, R., Klecak, G., Weber, T., Leclaire, J., et al.,
2000. Percutaneous absorption of sunscreens in vitro: interspecies comparison, skin
models and reproducibility aspects. Skin Pharmacol. Appl. Ski. Physiol. 13, 324–335.

Błędzka, D., Gromadzińska, J., Parabens, Wąsowicz W., 2014. From environmental studies to
human health. Environ. Int. 67, 27–42.

Bracken, A.P., Kleine-Kohlbrecher, D., Dietrich, N., Pasini, D., Gargiulo, G., Beekman, C., et
al., 2007. The polycomb group proteins bind throughout the INK4A-ARF locus and are
disassociated in senescent cells. Genes Dev. 21, 525–530.

Browne, H., Taylor, H., 2006. HOXA10 expression in ectopic endometrial tissue. Fertil. Steril.
85, 1386–1390.

Bruggeman, S.W., Valk-Lingbeek, M.E., van der Stoop, P.P., Jacobs, J.J., Kieboom, K., Tanger,
E., et al., 2005. Ink4a and arf differentially affect cell proliferation and neural stem cell
self-renewal in Bmi1-deficient mice. Genes Dev. 19, 1438–1443.

Bulun, S.E., 2009. Endometriosis. N. Engl. J. Med. 360, 268–279.
Canis, M., Donnez, J.G., Guzick, D.S., Halme, J.K., Rock, J.A., Schenken, R.S., et al., 1997. Re-

vised American Society for Reproductive Medicine classification of endometriosis: 1996.
Fertil. Steril. 67, 817–821.

Charles, A.K., Darbre, P.D., 2013. Combinations of parabens at concentrations measured in
human breast tissue can increase proliferation of MCF-7 human breast cancer cells.
J. Appl. Toxicol. 33, 390–398.

Charrasse, S., Lorca, T., Dorée, M., Larroque, C., 2000. The xenopus XMAP215 and its human
homologue TOG proteins interact with cyclin B1 to target p34cdc2 to microtubules dur-
ing mitosis. Exp. Cell Res. 254, 249–256.

Chen, J., Ahn, K.C., Gee, N.A., Gee, S.J., Hammock, B.D., Lasley, B.L., 2007. Antiandrogenic
properties of parabens and other phenolic containing small molecules in personal care
products. Toxicol. Appl. Pharmacol. 221, 278–284.

Chen, P., Mamillapalli, R., Habata, S., Taylor, H.S., 2021. Endometriosis cell proliferation in-
duced by bone marrow mesenchymal stem cells. Reprod. Sci. 28, 426–434.

Chen, Y.C., Pohl, G., Wang, T.L., Morin, P.J., Risberg, B., Kristensen, G.B., et al., 2005. Apoli-
poprotein E is required for cell proliferation and survival in ovarian cancer. Cancer Res.
65, 331–337.

Darbre, P.D., Harvey, P.W., 2008. Paraben esters: review of recent studies of endocrine toxic-
ity, absorption, esterase and human exposure, and discussion of potential human health
risks. J. Appl. Toxicol. 28, 561–578.

Deng, M., Gao, T., Tao, L., Tang, W., Wang, X., Jiang, Y., et al., 2023. Are human exposure as-
sessment the same for non-persistent organic chemicals? -from the lens of urinary vari-
ability and predictability. Sci. Total Environ. 868, 161542.

Díaz-Cruz, M.S., Gago-Ferrero, P., Llorca, M., Barceló, D., 2012. Analysis of UV filters in tap
water and other clean waters in Spain. Anal. Bioanal. Chem. 402, 2325–2333.

Dmowski, W.P., Ding, J., Shen, J., Rana, N., Fernandez, B.B., Braun, D.P., 2001. Apoptosis in
endometrial glandular and stromal cells in women with and without endometriosis.
Hum. Reprod. 16, 1802–1808.

Dutta, M., Anitha, M., Smith, P.B., Chiaro, C.R., Maan, M., Chaudhury, K., et al., 2016. Meta-
bolomics reveals altered lipid metabolism in a mouse model of endometriosis.
J. Proteome Res. 15, 2626–2633.

Forte, A., Schettino, M.T., Finicelli, M., Cipollaro, M., Colacurci, N., Cobellis, L., et al., 2009.
Expression pattern of stemness-related genes in human endometrial and endometriotic
tissues. Mol. Med. 15, 392–401.

Gal, A., Gedye, K., Craig, Z.R., Ziv-Gal, A., 2019. Propylparaben inhibits mouse cultured antral
follicle growth, alters steroidogenesis, and upregulates levels of cell-cycle and apoptosis
regulators. Reprod. Toxicol. 89, 100–106.

Gebel, H.M., Braun, D.P., Tambur, A., Frame, D., Rana, N., Dmowski, W.P., 1998. Spontane-
ous apoptosis of endometrial tissue is impaired in women with endometriosis. Fertil.
Steril. 69, 1042–1047.

Giudice, L.C., 2010. Clinical practice. Endometriosis. N. Engl. J. Med. 362, 2389–2398.
Harada, T., Kaponis, A., Iwabe, T., Taniguchi, F., Makrydimas, G., Sofikitis, N., et al., 2004.

Apoptosis in human endometrium and endometriosis. Hum. Reprod. Update 10, 29–38.
Iribarne-Durán, L.M., Domingo-Piñar, S., Peinado, F.M., Vela-Soria, F., Jiménez-Díaz, I.,

Barranco, E., et al., 2020. Menstrual blood concentrations of parabens and
8

benzophenones and related factors in a sample of spanish women: an exploratory
study. Environ. Res. 183, 109228.

Ito, Y., Nakamura, Y., Yoshida, H., Tomoda, C., Uruno, T., Takamura, Y., et al., 2005. Polo-like
kinase 1 expression in medullary carcinoma of the thyroid: its relationship with clinico-
pathological features. Pathobiology 72, 186–190.

Jacobs, J.J., Kieboom, K., Marino, S., DePinho, R.A., van Lohuizen, M., 1999. The oncogene
and polycomb-group gene bmi-1 regulates cell proliferation and senescence through
the ink4a locus. Nature 397, 164–168.

Janjua, N.R., Kongshoj, B., Andersson, A.M., Wulf, H.C., 2008. Sunscreens in human plasma
and urine after repeated whole-body topical application. J. Eur. Acad. Dermatol.
Venereol. 22, 456–461.

Jin, P., Hardy, S., Morgan, D.O., 1998. Nuclear localization of cyclin B1 controls mitotic entry
after DNA damage. J. Cell Biol. 141, 875–885.

Kerdivel, G., Le Guevel, R., Habauzit, D., Brion, F., Ait-Aissa, S., Pakdel, F., 2013. Estrogenic
potency of benzophenone UV filters in breast cancer cells: proliferative and transcrip-
tional activity substantiated by docking analysis. PLoS One 8, e60567.

Kerr, J.F., Wyllie, A.H., Currie, A.R., 1972. Apoptosis: a basic biological phenomenon with
wide-ranging implications in tissue kinetics. Br. J. Cancer 26, 239–257.

Klemmt, P.A.B., Starzinski-Powitz, A., 2018. Molecular and cellular pathogenesis of endome-
triosis. Curr. Womens Health Rev. 14, 106–116.

Kunisue, T., Chen, Z., Buck Louis, G.M., Sundaram, R., Hediger, M.L., Sun, L., et al., 2012. Uri-
nary concentrations of benzophenone-type UV filters in U.S. women and their association
with endometriosis. Environ. Sci. Technol. 46, 4624–4632.

Lee, H.S., Park, E.J., Oh, J.H., Moon, G., Hwang, M.S., Kim, S.Y., et al., 2014. Bisphenol a ex-
erts estrogenic effects by modulating CDK1/2 and p38 MAP kinase activity. Biosci.
Biotechnol. Biochem. 78, 1371–1375.

Li, H., Cui, D., Zheng, L., Zhou, Y., Gan, L., Liu, Y., et al., 2021. Bisphenol a exposure disrupts
enamel formation via EZH2-mediated H3K27me3. J. Dent. Res. 100, 847–857.

Li, J., Gao, Y., Guan, L., Zhang, H., Sun, J., Gong, X., et al., 2018. Discovery of phosphatidic
acid, phosphatidylcholine, and phosphatidylserine as biomarkers for early diagnosis of
endometriosis. Front. Physiol. 9, 14.

Liu, Y.J., Xing, F., Zong, K., Wang, M.Y., Ji, D.M., Zhao, Y.H., et al., 2021. Increased ApoE ex-
pression in follicular fluid and the ApoE genotype are associated with endometriosis in
Chinese women. Front. Endocrinol. 12, 779183.

Lo Vasco, V.R., Leopizzi, M., Chiappetta, C., Businaro, R., Polonia, P., Della Rocca, C., et al.,
2012. Expression of phosphoinositide-specific phospholipase C enzymes in normal endo-
metrium and in endometriosis. Fertil. Steril. 98, 410–414.

Lu, J., Ling, X., Liu, L., Jiang, A., Ren, C., Lu, C., et al., 2023. Emerging hallmarks of endome-
triosis metabolism: a promising target for the treatment of endometriosis. Biochim.
Biophys. Acta, Mol. Cell Res. 1870, 119381.

Matsuzaki, S., Canis, M., Pouly, J.L., Botchorishvili, R., Déchelotte, P.J., Mage, G., 2006. Dif-
ferential expression of genes in eutopic and ectopic endometrium from patients with
ovarian endometriosis. Fertil. Steril. 86, 548–553.

Meresman, G.F., Vighi, S., Buquet, R.A., Contreras-Ortiz, O., Tesone, M., Rumi, L.S., 2000. Ap-
optosis and expression of Bcl-2 and bax in eutopic endometrium from women with endo-
metriosis. Fertil. Steril. 74, 760–766.

Molina-Molina, J.M., Escande, A., Pillon, A., Gomez, E., Pakdel, F., Cavaillès, V., et al., 2008.
Profiling of benzophenone derivatives using fish and human estrogen receptor-specific
in vitro bioassays. Toxicol. Appl. Pharmacol. 232, 384–395.

Molins-Delgado, D., Gago-Ferrero, P., Díaz-Cruz, M.S., Barceló, D., 2016. Single and joint
ecotoxicity data estimation of organic UV filters and nanomaterials toward selected
aquatic organisms. Urban groundwater risk assessment. Environ. Res. 145, 126–134.

Molofsky, A.V., He, S., Bydon, M., Morrison, S.J., Pardal, R., 2005. Bmi-1 promotes neural
stem cell self-renewal and neural development but not mouse growth and survival by
repressing the p16Ink4a and p19Arf senescence pathways. Genes Dev. 19, 1432–1437.

Moos, R.K., Koch, H.M., Angerer, J., Apel, P., Schröter-Kermani, C., Brüning, T., et al., 2015.
Parabens in 24h urine samples of the german environmental specimen Bank from 1995 to
2012. Int. J. Hyg. Environ. Health 218, 666–674.

Nasu, K., Nishida, M., Kawano, Y., Tsuno, A., Abe, W., Yuge, A., et al., 2011. Aberrant expres-
sion of apoptosis-related molecules in endometriosis: a possible mechanism underlying
the pathogenesis of endometriosis. Reprod. Sci. 18, 206–218.

Nezhat, F., Datta, M.S., Hanson, V., Pejovic, T., Nezhat, C., Nezhat, C., 2008. The relationship
of endometriosis and ovarian malignancy: a review. Fertil. Steril. 90, 1559–1570.

Ortiz, C.N., Torres-Reverón, A., Appleyard, C.B., 2021. Metabolomics in endometriosis: chal-
lenges and perspectives for future studies. Reprod. Fertil. 2, R35–r50.

Park, M.A., Hwang, K.A., Lee, H.R., Yi, B.R., Jeung, E.B., Choi, K.C., 2013. Benzophenone-1
stimulated the growth of BG-1 ovarian cancer cells by cell cycle regulation via an estro-
gen receptor alpha-mediated signaling pathway in cellular and xenograft mouse models.
Toxicology 305, 41–48.

Peinado, F.M., Lendínez, I., Sotelo, R., Iribarne-Durán, L.M., Fernández-Parra, J., Vela-Soria,
F., et al., 2020. Association of Urinary Levels of bisphenols a, F, and S with endometriosis
risk: preliminary results of the EndEA study. Int. J. Environ. Res. Public Health 17.

Peinado, F.M., Ocón-Hernández, O., Iribarne-Durán, L.M., Vela-Soria, F., Ubiña, A., Padilla, C., et
al., 2021. Cosmetic and personal care product use, urinary levels of parabens and benzophe-
nones, and risk of endometriosis: results from the EndEA study. Environ. Res. 196, 110342.

Ponandai-Srinivasan, S., Saare, M., Boggavarapu, N.R., Frisendahl, C., Ehrström, S.,
Riethmüller, C., et al., 2020. Syndecan-1 modulates the invasive potential of
endometrioma via TGF-β signalling in a subgroup of women with endometriosis. Hum.
Reprod. 35, 2280–2293.

Sahraei, S.S., Davoodi Asl, F., Kalhor, N., Sheykhhasan, M., Fazaeli, H., Moud, S.S., et al.,
2022. A comparative study of gene expression in menstrual blood-derived stromal cells
between endometriosis and healthy women. Biomed. Res. Int. 2022, 7053521.

Schlumpf, M., Kypke, K., Wittassek, M., Angerer, J., Mascher, H., Mascher, D., et al., 2010. Ex-
posure patterns of UV filters, fragrances, parabens, phthalates, organochlor pesticides,
PBDEs, and PCBs in human milk: correlation of UV filters with use of cosmetics.
Chemosphere 81, 1171–1183.

https://doi.org/10.1016/j.scitotenv.2023.163014
https://doi.org/10.1016/j.scitotenv.2023.163014
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523556805
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523556805
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523568885
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523568885
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523568885
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523575205
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523575205
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230527247655
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230527247655
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230522489625
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230522489625
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523586015
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523586015
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523592755
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523592755
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230522502415
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230522502415
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523598105
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230522513055
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230522513055
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230522513055
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526127875
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526127875
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526127875
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526102995
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526102995
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526102995
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526287665
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526287665
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526287665
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230527233745
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230527233745
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230522521085
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230522521085
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230522521085
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526091965
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526091965
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526091965
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524037725
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524037725
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524037725
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524043415
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524043415
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524049095
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524049095
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524049095
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524053285
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524053285
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524053285
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526084535
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526084535
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524069575
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524069575
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524069575
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524074695
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524074695
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524074695
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523110985
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524080425
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524085065
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524085065
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524085065
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524089785
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524089785
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524089785
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523119945
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523119945
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523119945
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524097545
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524097545
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524097545
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524101245
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524101245
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526061565
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526061565
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526061565
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523128085
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523128085
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524488535
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524488535
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524599285
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524599285
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230524599285
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525006645
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525006645
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525006645
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525013495
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525013495
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523134355
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523134355
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523134355
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523263915
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523263915
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523263915
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525020885
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525020885
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525116875
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525116875
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525116875
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525122955
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525122955
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525122955
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525128085
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525128085
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525128085
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525133115
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525133115
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523466025
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523466025
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523466025
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525138465
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525138465
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525138465
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525144705
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525144705
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525150055
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525150055
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525150055
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525154875
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525154875
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525264705
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525264705
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525273415
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525273415
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525273415
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525273415
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525280015
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525280015
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525286425
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525286425
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525294975
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525294975
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525294975
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523523585
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523523585
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525299265
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525299265
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525299265
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525299265


F.M. Peinado et al. Science of the Total Environment 879 (2023) 163014
Smarr, M.M., Kannan, K., Buck Louis, G.M., 2016. Endocrine disrupting chemicals and endo-
metriosis. Fertil. Steril. 106, 959–966.

Song, J.-Y., Cho, H.-H., 2014. Phthalate-treated endometrial cancer cell lines show increased
AKR1C1 expression. Mol. Cell. Toxicol. 10, 379–385.

Tang, L., Wang, T.T., Wu, Y.T., Zhou, C.Y., Huang, H.F., 2009. High expression levels of cyclin
B1 and polo-like kinase 1 in ectopic endometrial cells associated with abnormal cell cycle
regulation of endometriosis. Fertil. Steril. 91, 979–987.

Taylor, H.S., Vanden Heuvel, G.B., Igarashi, P., 1997. A conserved hox axis in the mouse and
human female reproductive system: late establishment and persistent adult expression of
the hoxa cluster genes. Biol. Reprod. 57, 1338–1345.

Taylor, H.S., Arici, A., Olive, D., Igarashi, P., 1998. HOXA10 is expressed in response to sex
steroids at the time of implantation in the human endometrium. J. Clin. Invest. 101,
1379–1384.

Van Langendonckt, A., Luyckx, M., Gonzalez, M.D., Defrère, S., Donnez, J., Squifflet, J., 2010.
Differential expression of genes from the homeobox a cluster in deep endometriotic nod-
ules and peritoneal lesions. Fertil. Steril. 94, 1995–2000.
9

Vela-Soria, F., Ballesteros, O., Zafra-Gómez, A., Ballesteros, L., Navalón, A., 2014. UHPLC-MS/
MS method for the determination of bisphenol a and its chlorinated derivatives,
bisphenol S, parabens, and benzophenones in human urine samples. Anal. Bioanal.
Chem. 406, 3773–3785.

Vercellini, P., Viganò, P., Somigliana, E., Fedele, L., 2014. Endometriosis: pathogenesis and
treatment. Nat. Rev. Endocrinol. 10, 261–275.

Zanatta, A., Pereira, R.M., Rocha, A.M., Cogliati, B., Baracat, E.C., Taylor, H.S., et al., 2015.
The relationship among HOXA10, estrogen receptor α, progesterone receptor, and pro-
gesterone receptor B proteins in rectosigmoid endometriosis: a tissue microarray study.
Reprod. Sci. 22, 31–37.

Zondervan, K.T., Becker, C.M., Missmer, S.A., 2020. Endometriosis. N. Engl. J. Med. 382,
1244–1256.

http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525305295
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525305295
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525389775
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525389775
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525395365
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525395365
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525395365
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525407165
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525407165
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525407165
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525401805
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525401805
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525401805
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525413685
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525413685
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525419775
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525419775
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525419775
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525419775
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525536895
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230525536895
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523544195
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523544195
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230523544195
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526046095
http://refhub.elsevier.com/S0048-9697(23)01632-7/rf202303230526046095

	Cell cycle, apoptosis, cell differentiation, and lipid metabolism gene expression in endometriotic tissue and exposure to p...
	1. Introduction
	2. Material and methods
	2.1. Study population and sample collection
	2.2. Chemical extraction and analysis
	2.3. RNA isolation and quantitative real-time polymerase chain reaction (qRT-PCR)
	2.4. Statistical analysis

	3. Results
	3.1. Characteristics of the study population and PB and BP concentrations
	3.2. Gene expression levels and associations with PB and BP concentrations

	4. Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A. Supplementary data
	References




