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1 Abstract/Summary 

Background:  Work Package 14 (WP14) “Effect Biomarkers” general aims can be summarised as 
follows: 

i) conduct literature searches on effect biomarkers relevant for HBM, so an inventory of 
effect biomarkers in relation to both the most relevant adverse outcomes and specific 
environmental exposures can be created; 

ii) identify gaps in knowledge related to effect biomarkers; 

iii) implement and/or research on novel or understudied effect biomarkers that can address 
those data gaps and provide an added value to HBM; 

iv) contribute to the understanding of exposure-health relationships through effect 
biomarkers. 

Objective:  UGR, as leader of WP14, has hosted the first ‘’Granada Workshop’’ with the aim to 
present preliminary results and discuss important issues related to Task 14.2 recorded in D14.2 
(List of effect biomarkers for the 1st list of prioritised substances) and D14.4 (Report on results of 
the selected biomarkers of effect [Proof of concept]). Additionally, UGR agreed to also host a 
WP13 workshop during the same days with the aim to plan the interaction between WP14 and 
WP13 ‘’Establishing exposure and health relationships’’. The present deliverable (AD14.2) aims to 
provide a summary of the workshop, presenting the state of development of all the tasks and 
interactions conducted in WP14.  

Results:  Preliminary results regarding the different literature searches on effect biomarkers 
conducted were discussed during the workshop, setting the basis for deliverable 14.2 (D14.2). 
Analogously, preliminary results on the “Proof of concept” regarding biomarkers of combined effect 
to chemical mixtures were also presented and discussed, setting the basis for deliverable 14.4 
(D14.4). A training in Adverse Outcomes Pathways (AOPs) was also carried out, fundamental for 
the interaction between WP14 and WP13, which aim is to support the knowledge from effect 
biomarkers used in Human Biomonitoring (HBM) with the available experimental knowledge for 
each chemical family of the first set of prioritised substances. Moreover, a brief update on the 
recruitment and characteristics of HBM4EU aligned studies was presented, so future proposals for 
the implementation of effect biomarkers in HBM4EU can be made not only based on available 
HBM effect biomarkers and experimental knowledge, but also taking into account the specific 
chemical families that will be measured in each window of development (children, adolescents 
and/or adults), and the biological matrices available.  

Conclusions:  The “Granada Workshop” represented an important step forward for the 
consolidation of both WP14 and WP13 objectives, and all the attending participants realised the 
crucial relevance of person-to-person interactions in order to pursue specific goals inside such a 
big project like HBM4EU. Since many complex transversal actions are being conducted within 
WP14, this document will help to clarify how all WP14 objectives and deliverables are 
interdependently arranged to accomplish their function inside HBM4EU.  
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2 Workshop general information 

Target group: The workshop is dedicated to everyone interested in 

• Discussing preliminary results from D14.2: The literature search. 

• Discussing preliminary results of D14.4: The proof of concept. 

• Planning of future interactions between WP14 and WP13. 

Registration: Mid-January 2018 – end of February 2018 

Funding of travels and accommodation: Participants themselves will cover their travel and 
accommodation costs. 

Capacity: Maximum 60 participants. Priority was given to partners of Work Package 14 if the 
number of participants exceeds 60 persons. 

Location, agenda and attending participants  

‘Centro de Investigación Biomédica (CIBM)’. This research center is located within the ‘Parque 
Tecnológico de la Salud’ in front of the University Hospital and the School of Medicine. 

Address: Av. del Conocimiento, s/n 
Phone: +34 958 24 10 00 
Location: 18100 Granada, Spain 

Figure 1: Location of the Centre of Biomedical Rese arch ‘’Centro de Investigación Biomédica 
(CIBM)’’. 
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3 Introduction 
The 5-year strategy of WP14 “Effect Biomarkers” can be summarised in the following points: i) to 
conduct literature searches on effect biomarkers relevant for HBM, so an inventory of effect 
biomarkers in relation to both the most relevant adverse outcomes and specific environmental 
exposures can be created; ii) to identify gaps in knowledge related to effect biomarkers; iii) to 
implement and/or research on novel or understudied effect biomarkers that can address those data 
gaps and provide an added value to HBM; iv) to contribute to the understanding of exposure-health 
relationships through effect biomarkers. 

The first 2-years plan for WP14 includes: i) literature searches on the first list of prioritised 
substances (D14.1 and D14.2); ii) discussion of preliminary results and identification of gaps in 
knowledge (AD14.2 “Granada Workshop”, the present deliverable); iii) implementation and/or 
research on novel or understudied effect biomarkers (D14.4 “Proof of concept”, research on 
biomarkers of combined effect to chemical mixtures); iv) contribution to the understanding of 
exposure-health relationships (AD14.2 “Granada Workshop”, the present deliverable, through the 
interaction of WP14 with WP13, joining both the experimental knowledge from Adverse Outcome 
Pathways (AOPs) and from effect biomarkers used in HBM). 

Biological markers or biomarkers have been traditionally classified in 3 groups: biomarkers of 
exposure, biomarkers of effect, and biomarkers of susceptibility. During the Granada Workshop, it 
was agreed that, for Human Biomonitoring (HBM) purposes, we will follow the World Health 
Organization definitions: 

o Biomarker of exposure : The chemical or its metabolite or the product of an 
interaction between a chemical and some target molecule or cell that is measured 
in a compartment in an organism. 

o Biomarker of effect : A measurable biochemical, physiologic, behavioral, or other 
alteration in an organism that, depending on the magnitude, can be recognised as 
associated with an established or possible health impairment or disease. 

o In addition, and based on the preliminary results from the literature searches, 
another categorisation within effect biomarkers was needed: i) Classical or 
traditional effect biomarkers that have been widely studied for a particular 
chemical family, ii) Classical but understudied effect biomarkers, and iii) Novel 
effect biomarkers. 

o Biomarker of susceptibility . An indicator of an inherent or acquired ability of an 
organism to respond to the challenge of exposure to a specific chemical 
substance. 

World Health Organization & International Program on Chemical Safety (2001). 
Biomarkers in risk assessment: validity and validation. Geneva: World Health 
Organization. 

The importance of using effect biomarkers in conjunction with exposure biomarkers was highlighted 
based on previous Human Biomonitoring Initiatives and Committees. 

“The ultimate objective of the biomonitoring research is to link biomarkers of exposure to 
biomarkers of effect and susceptibility to understand the public-health implications of exposure to 
environmental chemicals.’’ (Human Biomonitoring for Environmental Chemicals. Committee on 
Human Biomonitoring for Environmental Toxicants. National Research Council, Washington DC, 
2006) 
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4 Literature search (Deliverable D14.2) 

One of the main objectives of WP14 is to create an inventory of effect biomarkers relevant for HBM 
and for each chemical family under study in HBM4EU. To pursue this, a series of wide and 
comprehensive literature searches were conducted for each chemical family of the first set of 
prioritised substances. Different groups of WP14 partners were in charge of the literature search 
for each chemical family, based on their previous expertise and knowledge. A common 
methodology was shared among WP14 partners, specifying exposure search terms and search 
terms for the health endpoints of highest interest, as previously planned in Deliverable 14.1 
“Criteria for prioritisation of biomarkers of effect”. Thousands of references were gathered, selected 
and analysed. The results of this task will be extensively reported in Deliverable 14.2 “Literature 
search on effect biomarkers for the first list of prioritised substances”. 

Although a brief summary can be found below for each chemical family, the most important slides 
presented during the workshop by each team can be checked at the end of this deliverable in the 
Annex section. 

4.1 Bisphenols (coordinated by UGR) 
• UGR-Biochemical-Physiological effect biomarkers (Presented by Vicente Mustieles): A 

brief description of the methodology followed by the implementation of the literature 
search fully described in the D14.2 “List of effect biomarkers for the 1st list of prioritised 
substances”. 

• Effect biomarkers discussed: Kisspeptin, blood pressure (children), cortisol and adrenal 
androgens, renal function: Albumin to creatinine ratio in children and low- grade 
albuminuria in adults. Inflammatory markers. 

• Identification of an important gap in knowledge for biochemical/physiological effect 
biomarkers for Neurodevelopment. 

• CNRS: Thyroid effect biomarkers (presented by Stephan Couderq): serum TPO, TSH, 
FT4, FT3, FT4 as well as Thyroid volume. Potential effect biomarkers related to 
metabolic disease, pro-inflammatory state: leptin, TNF-alpha, master genes of 
adipogenesis, macrophage related genes. 

The neurotrophins BDNF and GDNF were discussed as important potential effect 
biomarkers for neurodevelopment health. 

Glial cell-line derived neurotrophic factor GDNF is implicated in the maintenance of 
neurons through glial cells. Zinc finger transcription factor Sp4 is important for energy 
generation and consumption in neurons, and could be a target for BPA based on a 
rodent study. Placenta potential biomarkers of effect: CRH; Homemobox gene Hoxa10 
was proposed as a biomarker of effect for uterine organogenesis. 

• INSERM: OMICS-Epigenetics effect biomarkers (presented by Shereen Cynthia): Brief 
introduction about DNA methylation. LINE1 hypomethylation in placenta, in the saliva of 
prepuberscent girls (HOXA 10, BRCA1 and BEX2, hypomethylation among women with 
IVF, promoter CpG). BNDF IV DNA methylation at two CpG levels (GpG1A, CpG1B). 
Sperm DNA Hydroxymethylation. Increased DNA Methylation ESR1, IL-6st, STAT3. 
Micro-RNA expression. Gene expression studies: Kisspeptin (KISS1) gene expression 
in placental samples. BPA was also associated with gene expression of some nuclear 
estrogen receptors in blood. Hormones assay: male reproductive hormones E2, T, INHB, 
SHBG. 
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• NIPH: Oxidative Stress (presented by Tim Hofer): Brief introduction about Oxidative 
Stress. Urinary 8-OHdG and 8-isoprostane discussed as potential biomarkers of effect. 

4.2 Phthalates (coordinated by VITO) 
• VITO: (Presented by Nathalie Lambrechts). Among others, they presented: Genetic 

polymorphisms; Metabolic effect biomarkers and Metabolomics; Associations between phthalates 
and Kisspeptin. Era, ERb, PPAg, PXR…etc. No novel effect biomarkers were found for 
cardiovascular disease. Gene expression of several nuclear receptors were proposed as 
candidates for biomarkers of effect (ERα, ERβ, PPARγ, PXR, etc.). 

• UCY: Effect biomarkers related to cancer (presented by Christiana Neophytou): Detection of 
polymorphisms of ESR CYP17A1. Glutation-N transferase M1 enzyme. 

4.3 PFAS-PFOA (coordinated by AU) 
• RIVM: Molecular and genetic testing effect biomarkers (presented by Stella Fragki). Associations 

between PFAS and gen expression of cholesterol metabolism in peripheral blood samples, and 
altered gene expression of genes related to reproduction. Some effect biomarkers related to liver 
function could be relevant for PFAS-PFOA. Possible effects on the immune system were also 
discussed. 

• AU: Ex vivo cell-based and biochemical/physiological epidemiological effect biomarkers 
(presented by Eva Cecilie Bonefeld-Jorgensen): combined serum xenoestrogenic activity related 
to reproductive outcome and cancer. Gap in epidemiological studies: knowledge on E1 and E3, 
related to metabolism of endogenous estrogens, for thyroid hormones no studies on 3,3-T2; 3,5-
T2 and rT3. Association between serum PFASs and urinary levels of Clara Cell Protein.16 (CC16).  
Few studies on vitamins but a single for weak association between PFASs and 25-OH vitamin D. 
GAP; no studies on IgD. 

• VITO: Oxidative stress (Presented by Nathalie Lambrechts): Leucocyte telomere length; DNA 
methylation in leukocytes; LINE-1 DNA methylation in umbilical cord blood. 

• DTU (Anne Marie Vinggaard and Hanna Johansson): The animal experimental literature was 
searched in order to find novel molecular and biochemical targets that could be investigated as 
possible effect biomarkers. 

4.4 Flame Retardants (coordinated by MU and EASP) 
• MU: Brominated flame retardants (presented by Zuzana Novakova). The methodology 

and exploratory search was presented. Main issue found: the huge amount of references 
related to the exposure. After elimination of non-relevant papers, they found 170 papers 
related to human studies and 210 to animals studies. No effect biomarkers were 
proposed since the search was not finished. 

• EASP: Organophosphate flame retardants (presented by Antonio Hernández). Less 
articles than expected at first: 642 references. After screening, they kept 23 human 
studies (in vivo: 11; in vitro: 12) and 113 animals studies. 

Experimental studies: most of them related to neurotoxicity (in vivo/in vitro). In 
addition, reproductive and genotoxicity had a good number of references. 

Human epidemiologic studies: Again, neurotoxicity and genotoxicity got the 
highest number of references, secondly: endocrine reproductive. 
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Effect biomarkers found: Sexual and thyroid hormones: (FT4, FT3, TSH). Oocyte, 
embryo quality, implantation and pregnancy outcomes. Oxidative stress (8-OHdG). 
Cardiovascular function: SM, Cer, Sph and S1Pm molecular lipids measured in 
blood, even when they are non-specific, could provide some mechanistic 
information. Neurodevelopmental tests. Some gaps in knowledge were found for 
neurodevelopment. Novel information was obtained among in vitro studies. 

4.5 PAHs (coordinated by NCRWE) 
• NCRWE: The methodology and exploratory search was shown (presented by Anne Thoustrup). 

16 compounds from EPA and 8 compounds from ECHA were selected to perform the literature 
search. Main issue found: the amount of references related to the exposure was impossible to 
approach (>45.000 references after using all the filters). They chose to perform a secondary 
strategy: to focus only on reviews (1305 references) among 3 partners.  

• Effect biomarkers proposed: Chromosomal aberrations, DNA damage 8-OHdG. Specific 
mutations in TP53-dG. The IARC monography on PAHs was proposed as a good source of 
information for both, effect and exposure biomarkers for CANCER outcomes. 

• UCY: Animal studies as means to determine some effect biomarkers (presented by Christiana 
Neophytou). Some interesting molecular pathways were highlighted and discussed.  

• BfR : DNA damage effect biomarkers (presented by Alfonso Lampen). 10 potentially relevant 
papers. DNA damage, nuclear receptors and Plasma lipid damage as potential effect biomarker. 

4.6 Cadmium (coordinated by BfR) 
• BfR : Oxidative stress effect biomarkers (presented by Alfonso Lampen). Associations between 

Cadmium and oxidative stress (8-OHdG) have been described. Moreover, one hypothesis is that 
Cadmium could cause early tubular damage through the induction of oxidative stress at the 
kidneys. The beta-2- microglobulin and N-acetyl-beta-D glucosaminidase (NAG) were proposed 
as early effect biomarkers of tubular damage useful for HBM purposes. 

• MUW: Effect biomarkers of renal function (presented by Claudia Gundacker): Kidney damage 
as health outcome for effect biomarkers proposal. β2-MG (Beta-2- microglobulin) and NAG (N-
acetyl-beta-D glucosaminidase) proposed as early markers of tubular dysfunction. Sex-
differences. Need to learn more about the relationship with LDH release, Zinc, Transferrin… 

4.7 Summary of the literature search 
Effect biomarkers presented during WP14 workshop can be divided in three broad categories: 

o Classical and studied effect biomarkers: Reproductive hormones, Thyroid 
hormones; Glucose metabolism, Serum lipids (total cholesterol, LDL, HDL, TG), Blood 
pressure, anthropometric measures, etc. 

These effect biomarkers are known to be predictive of different hormonal and metabolic 
diseases, and for that reason are considered “classical” or “traditional” effect 
biomarkers. Additionally, since we found that for most of the chemical families, these 
biomarkers were previously studied, we considered them to be “Studied”. 

o Classical but less studied effect biomarkers:  HPAdrenal-Axis;  Adipokines; 
Inflammatory markers; Liver enzymes; Renal function; Others (IgE, vitamin D…). 
Urinary 8-OHdG and 8-isoprostane. 

Although these markers are considered “classical” or “traditional”, their use was not 
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so common for most of the chemical families under study. In general, perhaps one 
or two studies evaluated associations between exposure to one of the chemical 
families included in the first set of prioritised substances and one of these markers, 
but more studies are needed to reach conclusions. For that reason these markers, 
although classical, were classified as “less studied”. 

o Novel effect biomarkers: Kisspeptin, Gene expression of nuclear receptors: ERα, 
ERβ, AR, PPARγ, AhR, TR, GR, Genes of cholesterol pathways. BDNF and GDNF. 
DNA methylation and other Omics/epigenetics markers. 

These effect biomarkers are promising effect biomarkers that need to be further 
studied and that can provide an added value to HBM and help to fill data gap in 
relation to effect biomarkers of relevance for HBM. 

Table 1: Summary list of preliminary effect biomark ers that could be implemented in HBM studies 
(Please, note that this list contains preliminary i nformation that will be completed in Deliverable 
D14.2) 

Classical (and studied) effect 

biomarkers 

Classical (less studied) effect 

biomarkers 
Novel 

Reproductive hormones: LH, FSH, 

TT, E2, SHBG 

HPAdrenal-Axis: CRH-ACTH-Cortisol 

+ Adrenal Androgens (DEAH-S) 
Kisspeptin 

Thyroid Hormones: TSH, T3, T4 Adipokines: Leptin and Adiponectin 

Gene expression of nuclear 

receptors: ERα, ERβ, AR, PPAR-γ, 

AhR, TR, GR, Genes of colesterol 

pathways 

Glucose metabolism: [FBG+Insulin= 

HOMA-IR] + HbA1c 

Inflammatory markers: hsCRP, IL-

6… 
BDNF, GDNF, Sp4 

Serum lipids: Total cholesterol, LDL, 

HDL, TG 
Liver enzymes; AST, ALT, GGT, AF 

OMICs-Epigenetic markers: DNA 

methylation and micro RNAs, among 

others 

Blood pressure 
Renal function: Urinary albumin, β2-

microgobulin, NAG 

Biomarkers of combined effect for 

chemicals mixtures: E-screen 

Anthropometric measurements: 

Anogenital distance (AGD); Waist 

circumference: Height/Weight; 

Pertentage of Body Fat; Skinfold-

thickness; Birth weight, Birth length 

Urinary 8-OHdG and 8-isoprostane 
Genetic polymorphisms: CYP17A1, 

ESR CYP17A1 

Chromosomal aberrations and 

micronuclei (MN) assay 
Others: IgE, vitamin D (25-OH-D) 

 

4.7.1 Traditional/classical and studied effect biom arkers 

Regarding classic and studied effect biomarkers, mainly hormonal and metabolic pathways, it is 
very important to take into account the complete hormonal or metabolic cascade,  that  is, to  follow 
the whole pathway, in order to provide the most complete picture and interpretation possible. 
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The entire literature search has highlighted the role of reproductive, thyroid and adrenal 
hormones, as well as metabolic parameters  such as serum lipids, glucose and insulin as key 
effect biomarkers for most chemical families studied. These markers are commonly and routinely 
analysed in different laboratories and their cost is very affordable. Moreover, there are no big 
concerns about the validity and reliability of these measurements.  Therefore, these classical and 
studied effect biomarkers in relation to both adver se outcomes and specific environmental 
exposures should be regarded as minimum basis , as has been done in other HBM 
initiatives, including the National Health and Nutr ition Examination Survey (NHANES).  

4.7.2 Novel or less studied effect biomarkers of in terest 

• BNDF. Proposed as a novel effect biomarker to cover the gap in knowledge for 
neurodevelopment. 

• Gene expression of nuclear receptors in peripheral blood . Gene expression of 
nuclear receptors measured in cell populations in serum could be used to provide novel 
information about the mechanistic understanding of environmental chemicals: ERα, ERβ, 
AR, PPARγ, AhR, TR, GR, and genes of cholesterol pathways among others. 

• Kisspeptin . Proposed a novel effect biomarker for studying reproductive health both during   
pregnancy and puberty. 

• Urinary 8-OHdG and 8-isoprostane. Proposed as biomarkers of DNA damage and lipid 
peroxidation. Although not specific, it seems these markers are related to all the chemical 
families studied. Further work is warranted to better understand how so many different 
chemical families could converge to generate oxidative stress, and if this could be related 
to detoxification pathways, mainly in the liver and kidneys. 

• Omics/epigenetic markers. Several chemical families were associated with Omics or 
epigenetic markers including DNA methylation and micro-RNAs among others. This field 
warrants further investigation. Although some specific markers could be of interest, one 
concern could be the technical and economic feasibility of these biomarkers . 

• Biomarkers of combined effect to chemical mixtures.  There are several ex vivo cell-
based effect biomarkers implemented in the epidemiologic literature, including the 
estrogenic screen (E-Screen) and the Anti-androgenic screen (A-Screen). These and 
other biomarkers of combined effect to chemical mixtures will be extensively studied in 
the Proof of concept (D14.4). 

• Vitamin D. Although less studied, several associations between chemical families and 
vitamin D have been observed. The study of vitamin D and other vitamins and markers 
of nutritional status will be useful to address the area of nutritional-chemical 
interactions. 

4.7.3 Knowledge gaps 

• Biochemical/physiological effect biomarkers for Neurodevelopment and neurological 
development. 

• Biomarkers of combined effect to chemical mixtures . 

• Interaction between markers of nutritional status and exposure to environmental 
contaminants. 

• There is a need to understand how different chemical families could converge to 
generate oxidative stress , and whether this is mainly related to detoxification pathways 
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in the liver and kidneys. 

• Most of the effect biomarkers studied are specific to physiological functions/diseases, 
but not to chemical families. However, some omics or epigenetic effect biomarkers such 
as DNA methylation and expression of nuclear receptor genes, could be more specific to 
chemical families, which warrants further study. Priority will be given to those effect 
biomarkers that can better predict future diseases, and for which a link between a given 
exposure and that specific biomarker or disease is substantiated based on the 
experimental literature. 

• Gap in knowledge for biomarkers of effect related to PFAS exposure and immune 
system was pointed out. 

• In general, few effect biomarkers for cancer endpoints were found. 

• In general, few effect biomarkers for cancer endpoints were found. 
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5 Proof of Concept 

A category for “mixtures” were included among the first set of prioritised chemical substances. In 
relation to effect biomarkers, there is a clear data gap when it comes to the assessment of the 
effect of complex and real-life chemical mixtures. Among the different approaches for studying the 
effect of mixtures, the use cell-based bioassays, especially estrogenic and anti-androgenic 
bioassays, have produced very promising results, even in epidemiologic studies.  Therefore, the 
aim of Deliverable 14.4 is to develop a pilot study in order to analyse the combined effect of 
chemical mixtures extracted from human biological matrices. For this purpose, chemical extracts 
from human samples, representing real-life chemical mixtures, are being tested in different 
bioassays to evaluate the estrogenic, anti-androgenic, anti-thyroid, aryl-hydrocarbon receptor 
(AhR), and steroid activities of these extracts, among others screens and biological markers. For 
the present pilot, we chose placental samples as the biological matrix of election due to the high 
availability of sample quantity, which allowed us to share the same samples with other WP14 
partners. However, in the future other matrices should be tested such as serum. Therefore, 
chemical extracts obtained from 25 placental samples were extracted by UGR and sent to all the 
partners involved in D14.4. While preliminary results were discussed during the Granada 
Workshop, results will be extensively reported in D14.4. 

UGR (presented by Vicente Mustieles): 

Included in Task 14.3 (identification of needs for the development of new biomarkers of effects and 
decision criteria for their validation), WP14 partners discussed the proof of concept (D14.4 ‘’Report 
on results of the selected biomarkers of effect’’) started in year one. Special attention has been 
paid to both ex-vivo cell based and in vivo functional assays that have the potential to elucidate the 
combined effect of chemicals. As agreed, WP14 partner explored the use of new biomarkers of 
effect in human placenta, in order to implement the methodology in ongoing European cohort 
studies. In fact, agreement with coordinators of relevant European mother-child cohorts was 
obtained, and technical and ethical issues from the Spanish INMA-cohort were solved. 
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The scheme below summarises the distribution of tasks (samples and bioassays): 
 

 

Figure 6: Placental samples obtained from 25 placen tas from INMA birth cohort: From the same 
placentas, 5 alpha extracts, 5 homogenates, 5 piece s and 4 biopsies were obtained. In addition, urine 
aliquots were obtained from the same individuals th at donated the placentas. Finally, a brief 
description of the bioassays and biomarkers develop ed by each partner is shown 

UGR (presented by Fernando Vela Soria): Explanation of the chemical extraction process of alpha 
fractions conducted by UGR. In addition, it was contemplated the future possibility of testing the 
hormonal activity within beta fractions. 

AU (presented by Eva Cecilie Bonefeld-Jorgensen): AU will assess estrogenic and anti- 
androgenic effects of alpha-fractions derived from the placentas. AU has a lot of experience 
implementing these biomarkers of combined effect in epidemiologic studies. Methods and results will 
be included in D14.4. 

INSERM (presented by Arthur David): INSERM will test gene expression, epigenetic and omics 
biomarkers in the 25 placenta samples. Presentation of several potential experimental  techniques  
that  could be employed for the development of effect biomarkers and exposure: i) Untargeted 
metabolomics using high resolution mass spectrometry, ii) Gene expression analyses, iii) OMICS  
approach, iv) Gene sequencing, v) Western blot to assess proteins expressed in the placenta, vi) 
DNA damage, vii) Micro-RNAs expression  in  placentas, viii)  Analyses  of xenoestrogenic  potential 
of placental  extracts using transgenic zebrafish with Aromatase  enzymatic  activity  in placenta; ix) 
Analysis of some metals (As, Cd, Cu, Mn, Pb, Ms, Se, Zn), to asses preliminary trends, x) 
Preliminary test specifically for metabolomics testing the sensitivity of  their bioassay, xi) Annotation 
of the placenta metabolomics and Identification of xenobiotics that will lead to the identification of 
prenatal exposure. 

CNRS (presented by Jean-Baptiste Fini): CNRS will assess thyroid hormone disruption exerted  
by mixtures of compounds present in alpha-fractions from the placentas using the Xenopus Laevis 
assay. CNRS has a lot of experience working with this bioassay and different chemical families. 
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CNRS will test the effect of alpha fractions containing chemical mixtures from the placentas on the 
gene expression (BDNF, GDNF), behavior, and brain structure of Xenopus Laevis. 

UH (presented by Tim Nawrot): Telomere length is a potential biomarker of biological age that can 
be influenced by environmental contaminants and can be easily measured in leukocytes. This 
biomarker is an important predictor of adult lifespan and has been used as a predictor of mortality. 

P53 and mitochondria function are key factors for mitochondria damage and ageing, which 
constitutes the so called ‘’Molecular core axis for Ageing’’. It is known that air pollution influences this 
core axis for ageing, moreover, air pollution is an important predictor of telomere length at birth. In 
addition, children from obese mothers had 5% shorter telomeres. As a result, telomere length is a 
potential biomarker for children’s developmental health.  

UH presented preliminary results of telomere length measured in placenta biopsies. These results 
are fully described in D14.4. 

UGR (presented by Jose Manuel Molina): Preliminary results from UGR team. Hormonal activity in 
the alpha extracts from placenta samples was assessed by UGR team for the proof of concept. Two 
different bioassays were tested: 

* Proliferation based analysis: E-screen . Total Xenoestrogen Burden (TEXB) to estimate 
the total xenoestrogenic activity of the placenta samples. Calculation of the estradiol 
equivalents. 

Main finding: 100% of alpha fractions tested showed evidence of xenoestrogenic activity 
in all the placenta samples, at varying degrees. 

* Luciferase reported gene assay: Androgen receptor within PALM cells. No agonistic 
neither antagonistic activities were found. 

MU (presented by Zuzana Novakova): They will test oxidative stress effect biomarkers in the 
placentas: MDA, GSH, GSSG, 8-OHdG, Total 8-isoprostane E2 and F2a Interlaboratory 
comparison. Brief literature searches about biomarkers implemented in placenta and urine. 

DTU (presented by Anne Marie Vinggaard): DTU has a lot of experience using different bioassays of 
endocrine activity.  They will test the effect of alpha-fractions derived from placentas on the Aryl 
Hydrocarbon receptor expression (AhR) assay. 

5.1 Summary of the Proof of Concept 
Several partners involved in the Deliverable D14.4 presented a brief presentation about their 
developed bioassay and the effect biomarker they will focus on. Future results obtained from this 
proof of concept will determine not just effect biomarkers, but also their mechanism of action, 
which will play a key role in the interaction with WP13, thus increasing their evidence when linking 
environmental contaminants exposure and adverse effects on human health. 

Further and more detailed content on the proof of concept will be covered in the Deliverable D14.4. 
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6 Interaction between WP14-WP13 

6.1 Training in AOPs, by Mirjam Luijten (RIVM) 
During the first Granada workshop, an interaction between work packages 14 and 13 was made. 
One session was a training on adverse outcome pathways (AOPs) by Mirjam Luijten (RIVM), which 
could be useful to identify and select relevant biomarkers of effect for HBM purposes. 

An Adverse Outcome Pathway (AOP) is ‘’a conceptual framework that portrays existing knowledge 
concerning the linkage between a direct molecular initiating event and an adverse outcome, at a level 
of biological organisation relevant to risk assessment’’ (Ankley et al. 2010, Environ. Toxicol. Chem., 
29(3): 730-741). A better understanding of AOPs, could help WP13 and WP14 to use the information 
gathered to support risk-based decision-making. 

Building an AOP: The main structure of an adverse outcome pathway is the following: 

• Molecular initiating event (MIE) – A specialised type of KE that represents the initial point of 
chemical interaction, on the molecular level, within an organism, that results in a perturbation 
that starts the AOP. 

• Adverse Outcome (AO) – A specialised type of KE that is generally accepted as being of 
regulatory significance on the basis of correspondence to an established protection goal or 
equivalence to an apical endpoint in an accepted regulatory guideline toxicity test. 

 

At the end of the training, we could summarise AOPs in the following five points: 

(1) AOPs are not specific , they do not try to describe what a single chemical does, but try to 
describe what any chemical is able to perturb from the MIE, with sufficient potency and duration 
to produce a Biological reason of failure. Thus, describing AOP does not require chemical-
specific information, just to apply those motifs in a predictive context, which requires 
understanding chemical-specific properties (e.g., potency, ADME) that dictate the magnitude 
and duration of perturbation at the MIE. 

(2) AOPs are modular: Between two Key events we found which is called ‘Key Events 
Relationships (KER)’, they consist in a change from one KE to another in which an alteration 
i n  the first will determine the next key event in a positive direction or in a negative direction. 

(3) AOPs are a pragmatic functional unit of development and evaluation. 

(4) For most real-world applications, AOP networks are the functional unit of prediction.  By building 
modular AOPs, we gradually describe the complexity of potential interactions while meeting 
system biology, enhancing the prediction of its possible behavior. 

(5) AOPs are living documents. 

AOPs are a way of organising existing knowledge. As methods for observing biology evolve we 
could: 

i. establish new possibilities for KEs; 

ii. ability to measure KEs with greater precision/accuracy. 
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The main conclusion was that, as new experiments are published the weight of evidence 
supporting (or rejecting) KERs will grow and new AOPs and new branches in AOP networks will be 
discovered, so we are in front of an evolving concept that will grow up with time and research. 

 

Figure 7: AOP network taken from Dan Villeneuve (EP A) presentation, used during Mirjam Luijten’s 
training session 

6.2 Proposal of interaction between WP13 and WP14 ( by MU) 
AOPs provide a conceptual framework for the linkage between a direct molecular initiating event (MIE) 
and an adverse outcome, at a level of biological organisation relevant to risk assessment.   In this line, 
some epidemiologic effect biomarkers could provide relevant information on MIEs and Key Events 
(KEs) that take part in a particular adverse outcome pathway (AOP), thus constituting the best 
integration of experimental and epidemiologic knowledge. 

The future interaction between WP13 and WP14 will focus on this new avenue in order to advance 
our understanding of exposure and health relationships with the aim to facilitate risk assessment 
and policy actions. It was agreed that several working groups from both WP13 and WP14, will work 
together to choose the best epidemiologic effect biomarkers obtained from all t h e  WP14 literature 
searches, in conjunction with WP13 knowledge on AOPs. These decisions will be based on each 
chemical group, the adverse outcomes of highest interest, and the critical window of exposure. All 
this work will help to implement the best effect biomarkers in the new HBM4EU recruitments 
presented in the Workshop by Greet Schoeters (VITO). 

6.3 Short overview about new recruitments/cohorts f or HBM4EU, by 
Greet Schoeters (VITO) 

A brief overview of the planning of HBM4EU recruitments/cohorts was outlined. The WP14- WP13 
interaction will be based on these HBM4EU objectives, taking into account, each chemical group, the 
most important or suspected adverse outcomes, and the critical window of development (See Annex 
at the end of the document). 
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Table 2: Specific substance groups for each age cat egory to achieve Europe wide coverage 

 

Children Adolescents Adults 

Phthalates and DINCH Phthalates and DINCH Bisphenols 

Flame retardants 
Per/poly-fluorinated 
compounds 

Cadmium and PAH 

Occupational exposures Cr 
IV and anilines. 
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7 Preliminary conclusions 

At the end of the Granada Workshop, the goals previously established were reached: 

� A preliminary list of biomarkers of effect that could be of interest for HBM programs 
(Deliverable D14.2) and deadline for the communication of results to WP14 by April 25th . 

� Roles from each partner taking part in the Deliverable D14.4 ‘Proof of concept’ and deadline for 
the communication of results to WP14 leaders by 30th April 2018 . 

� Successful interaction between WP14 and WP13, which will play a key role in the selection  of 
the best effect biomarkers for HBM. 

� Future interactions were accorded with Ludek Blaha (WP13) in order to contribute to Pillar 2 and 
the new HBM4EU recruitments/cohorts, providing the best up to date and relevant information 
concerning AOPs and epidemiologic effect biomarkers for the first list of prioritised substances. 

� Next to implementation in surveys of pillar II, novel effect biomarkers will be further studied in 
longitudinal cohorts. Cross talk between WP14 and W13.2 has been reinforced since WP13.2 
has made an overview of longitudinal cohorts with focus on exposures to HBM4EU priority 
compounds and related health outcomes. In addition, UGR has access to different longitudinal 
cohorts (EPIC, INMA, etc.) which could be used for these purposes. 
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8 Future steps: selection process of effect biomark ers for 
their implementation in HBM4EU aligned studies 

The next step for WP14 is the progressive selection of those effect biomarkers of highest interest 
for HBM4EU aligned studies, established by Pillar 1 and 2. Therefore, a close interaction between 
pillars is needed to reach this purpose. In this line, D14.3 (Report on available biomarkers of effect 
of utility in human epidemiological studies for the first set of prioritised substances) will explore this 
process more in depth. A preliminary structured process for this selection is briefly described: 

(1) Inventory of effect biomarkers found in the literature search based on the health 
outcomes of highest relevance for the first set of prioritised chemical substances 
(WP14). 

(2) Identification of the adverse outcomes of highest concern for the first set of 
prioritised substances, based on the experimental literature and on available 
Adverse Outcomes Pathways (AOPs) (WP13). 

(3) Once the Adverse Outcomes of highest concern for a specific chemical family have 
been identified based on the experimental knowledge (WP13), the corresponding 
available effect biomarkers related to these adverse outcomes obtained from the 
literature searches will be listed. This will provide a list of effect biomarkers (HBM) 
related to the most important adverse outcomes observed for a given chemical 
family in animal studies (WP13). 

(4) With this information, groups of participants from both WP14 and WP13 will be 
created for each chemical family, to discuss through telephone calls and 
videoconferences the final proposal of effect biomarkers to be implemented in 
HBM4EU aligned studies for each chemical family of interest. 

(5) The window of development in which each chemical family will be assessed in 
HBM4EU aligned studies (children, adolescents and/or adults), as well as the 
biological matrix available (urine, serum, etc.) will also be taken into account (VITO 
presentation).  

(6) Finally, the convergence of other non-scientific variables such as the availability of 
biological samples, as well as technical and economic resources will also influence 
the final selection of effect biomarkers to be implemented in HBM4EU aligned 
studies. 
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9 Annex 

9.1 Literature search 
9.1.1 Bisphenols (coordinated by UGR) 

9.1.1.1 UGR 
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9.1.1.2 CNRS 
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9.1.1.3 INSERM 
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9.1.1.4 NIPH 
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9.1.2 Phtalathes (coordinated by VITO) 

9.1.2.1 VITO 

 

 

9.1.2.2 UCY 
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9.1.3 PFAS-PFOA (coordinated by AU) 

9.1.3.1 AU 
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9.1.3.2 VITO 
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9.1.3.3 RIVM 
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9.1.4 Flame Retardans (coordinated by MU and EASP) 

9.1.4.1 Organophosphates Flame retardants (EASP) 
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9.1.5 PAHs (coordinated by NCRWE) 

9.1.5.1 NRCWE 

 
 

9.1.5.2 BfR 
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9.1.6 Metals. Cadmium (coordinated by BfR) 

9.1.6.1 MUW 

 

 

 

Authors Year Population notes U-Cd U-Cd Fem UCd Male [conc] Outcome/Biomarker of effect A1-MG B2-MG NAG RBP GFR BP Bone DPD U-Ca Alb tot Pr

Eom et al. 2017 Korea 1.4 0.82 µg/g crt Risk of renal tubule damage significantly associated with urine Cd level yes yes no no

U-Cd was significantly positively correlated with urinary β2-MG, NAG 

but inversely with eGFR and BMD

MDA conc increased with U-Cd in a dose-dependent manner

Osorio-Yanez et al. 2016 USA 0.21-0.42 µg/g crt U-Cd associated with reduced third trimester MAP (-1.8; 95 % CI = -3.1,-0.5 mm Hg) yes

and second trimester MAP (-1.1; 95 % CI = -2.3, -0.03 mmHg). 

Zhang et al. 2015 China exposed 8.3 12.4 5.1 µg/g crt Age adjusted U-Cd levels contributed most to the alteration of NAG, yes yes yes

non-exposed 2.0 1.8 2.2 β2-MG and RBP

Ke et al. 2015 China five areas (N=6103) µg/g crt positive correlation between  UCd and prevalence of Uβ2-MG

Swaddiwudhipong et al. 2015 Thailand contam. area 0.7 After adjusting for age,sex, and blood lead levels, yes no yes no

594 children control area 0.4 sign positive associations betw U-Cd urinary β2-MG and urinary Ca

Nishijo et al. 2014 Thailand polluted area 7.0 6.3 µg/g crt U-Cd (B-Cd) sign related to β2-MG and NAG after adjusting for age and smoking habit, yes yes

>40 yrs non-polluted area 1.1 0.5  indicating dose-effect relationship between Cd exposure and renal markers

Hambach et al. 2013 Belgium 122 metallurgic 0.5 µg/g crt Pb increases the strength of the association between Cd and renal biomarkers. yes yes

refinery workers The impact of Cd-B on the urinary excretion of NAG and IAP was only

evident among workers with Pb-B concentrations ≥ 75th percentile. The association

between Cd-U and the renal markers NAG and RBP was also evidenced when Pb-B ≥

75th percentile. 

Nordberg et al. 2012 China long term observation Dose-response relationships between UCd and increased levels of biomarkers yes yes yes

of renal tubular dysfunction (urinary B2MG, NAG, UAlb)

MT mRNA (peripheral blood), autoantibodies against MT (blood plasma) 

Sughis et al. 2011 Pakistan 155 children (8-12 yrs) 0.50 0.65 0.41 nmol/mmol crt Markers of bone demineralization: U-Ca, DPD increase with U-Cd yes yes yes

Weaver et al. 2011 712 lead workers 1.0 µg/g crt Associations  between higher U-Cd and creatinine-based kidney function measures yes

Urine crt was associated with serum crt-based but not cystatin-C-based eGFRs.

Boonprasert et al. 2011 Thailand case-control study NAG showed positive correlation with Cd in hypertensive and normotensive group. yes no

Ikeda et al. 2011 Japan 1403 women 1.0 µg/g crt Cd-U correlated sign with α₁-MG-U, β₂-MG-U, and NAG-U yes yes yes

Cd-U is the biomarker of choice compared to Cd-B

Huang et al. 2009 Korea? 290 adults (gen pop) 0.84 µg/g crt NAG, MDA, and 8-OHdG were positively correlated with U-Cd yes

The effects of coexposure to Cd and As on biomarkers are more 

pronounced than for exposure to each metal alone

Nordberg et al. 2009 China In addition to Nordberg et al. 2012: changes in glucose metabolism (T2D), exp to As

Wang et al. 2016 China N=1235 (2-87 yrs) 0.42 0.38 µg/g crt U-Cd and B-Cd sign associated with NAG, β2-MG (also in children) yes yes

NAG was a very sensitive biomarker of cadmium exposure

Trzcinka-Ochocka et al. 2010 Poland 170 women, 100 men 1.1 0.9 No effect of Cd on bone density, renal markers are more sensitive yes yes yes yes yes

Urinary NAG, β2-MG, RBP, ALB, Ca were significantly associated with U-Cd

Swaddiwudhipong et al. 2012 Thailand 2005 9.5 The follow-up examination revealed significant increases in urinary b2-MG, yes yes

N=436 2010 8.8 urinary total protein and serum crt, and a decrease in GFR
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9.2 Interaction between WP14-WP13 
9.2.1 Proposal of interaction between WP13 and WP14 , (by MU) 
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9.2.2 Short Overview about new recruitments/cohorts  for HBM4EU, by Greet 
Schoeters (VITO) 

 


