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INTRODUCTION 



Introduction 

What is the impact of allergies on Europe? 

  

• 1 in every 2 Europeans will suffer from an allergy by 2015 

• respiratory allergies affect around 20-30% of the Europeans 

 113 million European citizens suffer from allergic rhinitis  

 68 million from allergic asthma 

http://www.efanet.org/ 

 

http://www.efanet.org/
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Introduction – Environmental programming 

Prescott S. & Saffery R., Clin. Epigenet. (2011) 
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Translation 

Protein 

Introduction - Epigenetics 

Adapted from Relton C. & Smith D., PLoS Medicine (2010) 
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Introduction - Epigenetics & Allergy 



10/12/2013 8 
© 2013, VITO NV 

Introduction - Epigenetics & Allergy 
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HYPOTHESIS & AIMS 
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Hypothesis 

Research questions:  

1) identify epigenetic modifications on saliva DNA: specific changes in  

    allergic vs. non-allergic children;  

2) are these allergy-related epigenetic changes: a result of chemical    

    exposure during pregnancy; and  

3) did early life exposures leave an epigenetic “mark” that is maintained  

    through childhood (cord blood vs. saliva)?  

 

Exposure CpG 

methylation 

Respiratory 

Allergy 

Prenatal chemical exposures can alter fetal DNA methylation patterns,  

and thereby predispose the child to develop respiratory allergy later in life.  
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STUDY POPULATION 
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Study population & markers studied 
Short overview
Before/short 

after birth

Measurement FLEHS I

(N=1200)

FLEHS II 

(N=250)

Recruitment 2001-2004 2008-2009

Maternities N=25 N=15

SES, indoor, diet, pesticide use, smoking, occupation SES, indoor, diet, pesticide use, smoking, occupation

length, weight, asthma/allergy, time-to-pregnancy, 

history of assisted pregnancy, miscarriage

length, weight, asthma/allergy,time-to-pregnancy, 

history of assisted pregnancy, miscarriage

Exposure marker - Pb, Cd, Mn, Cu, Th, As (blood); Hg, Me-Hg (hair)

Air quality NO2, PM10, ozone NO2, PM10, ozone

Pb, Cd (cord blood) Pb, Cd, Mn, Cu, Th, As (cord blood)

PCB, p,p'-DDE, HCB, CALUX (cord plasma) PCB, p,p'-DDE, HCB, CALUX, PBDE (BDE 28,47,99,100, 

153,154 183, 209), HBCD, PFOS, PFOA (cord plasma)

Effect marker  gene-specific DNA methylation within AXA project 

(cord blood)

hormones: thyroid (TSH, fT3, fT4), sex (T, E2, SHBG, LH, 

FSH), metabolic (leptine, insuline) (cord plasma); 

gene expression, DNA methylation (cord blood)

Birth registry weight, length, head circumference, Apgar, 

prematurity, SGA

weight, length, head circumference, Apgar, 

prematurity, SGA

astma/allergy questionnaire 0-10y, clinical exam at 3y + 8y

neurodevelopm questionnaire 0-3y, clinical exam at 3y 0-2y

growth questionnaire 0-10y, clinical exam at 3y + 8y 0-2y

Mother 

before/after 

birth

Questionnaire 

postnatal

Child at birth Exposure marker

Follow-up

after birth in 

sub-cohorts
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Preliminary data – FLEHS1 

ENDPOINT Tot. Never At age 10y Never At age 10y

some form of allergy 595 284 266 47.7 44.7

allergy for pets 592 565 23 95.4 3.9

contact allergy 595 461 101 77.5 17.0

food allergy 592 539 24 91.0 4.1

hay fever 593 536 54 90.4 9.1

rhinitis 595 405 177 68.1 29.7

itchy rash 593 427 132 72.0 22.3

eczema 592 446 109 75.3 18.4

asthma* 595 33 5.5

wheezing 595 420 92 70.6 15.5

*testing is not possible before the age of ~ 5 years

Percentage (%)Number

Positive associations chemicals vs. symptoms  

(multiple logistic single pollutant regression models): 

 

PCB cord blood      –             asthma                                 p=0.04 

Cd, Pb cord blood                 –             eczema, food allergy            p=0.03, p=0.06 

PM2.5,  PM10 outdoor air     –             asthma, rhinitis                     p≤0.03 
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STUDY OUTLINE & WORK PACKAGES 
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Study outline 

Questionnaires (discover allergy status)  Exposure assessment in cord blood  Saliva collection
  Study relationship epigenetic markers and early-life chemical exposure

Discovery of 
epigenetic 

markers in saliva 

Confirmation of 
epigenetic 

markers in saliva 

Allergy prediction 

Pregnancy Early life Childhood

FLEHS1

2003      2004     2005       2006      2007     2008      2009      2010      2011      2012      2013     2014      2015

Birth             2y      3y                  5y                 7y                           10y

      

Pregnancy Early life ChildhoodFLEHS2

2003      2004     2005       2006      2007     2008      2009      2010      2011      2012      2013     2014      2015

   

Birth             2y                            5y               7y

 

 Extra blood collection in 11year old children was approved by the ethical commitee 
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Work packages 

WP1: Field work 
 

Data and saliva collection 

WP2: Discovery 
 

Identify differentially 

methylated regions 

WP3: Confirmation 
 

In separate birth cohort 

WP4: Data analyses 
 

•Identify the contribution of early-life chemical exposures 

• Test whether the epigenetic changes are intermediate markers  

linked to exposure and to effect data 

• Study whether epigenetic changes are maintained through childhood 

 

Provincial Institute for Hygiene,  

Antwerp (Belgium) 
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Data analysis & normalization  

Genome Studio software 

 

PCA analysis: 

allergy vs.  

control 

WP2: Discovery in FLEHS1 

FLEHS1 
Blood & Saliva from N=100 

50 RA / 50 control 
450K BeadChips 

 

 

3 groups:  
MNC cord blood, MNC 

blood and saliva at 11y 

12 RA / 12 control 

Prof. Guy Van Camp, Dr. Ken Op De Beek 
Human Molecular Genetics 

 Illumina array platform & data analysis 

EpiTyper validation 
 

• 384 well format 

• up to 600bp 

• 8-10 CpGs 

 

Select relevant  

allergy-related genes: 
 

•  10% differentially methylated 

• At least 2 proximal CpG probes 

• CpG island or at CpG shores 

• promoter region 

At VITO parallel data analysis via  

Bioconductor “lumi” R-package: 
 

• For quality control & normalization 

• Including Beta Mixture Quantile 

dilation (BMIQ) correction 

• Determine DM sites 

 

Short list of genes  

that may predict allergy 

 1000 DMRs 

50-200 genes 

 10 genes 

Prof. Wim 

Vanden Berghe 

Design/run pyrosequencing assays: 
 

• 3-5 CpGs in seq 50-80bp 

• validate in 12 RA / 12 controls 

• study in 38 RA / 38 controls 



10/12/2013 18 
© 2013, VITO NV 

Data analysis & normalization  

Genome Studio software 

 

PCA analysis: 

allergy vs.  

control 

WP2: Discovery in FLEHS1 

FLEHS1 
Blood & Saliva from N=100 

50 RA / 50 control 
450K BeadChips 

 

 

3 groups:  
MNC cord blood, MNC 

blood and saliva at 11y 

12 RA / 12 control 

Prof. Guy Van Camp, Dr. Ken Op De Beek 
Human Molecular Genetics 

 Illumina array platform & data analysis 

EpiTyper validation 
 

• 384 well format 

• up to 600bp 

• 8-10 CpGs 

 

Select relevant  

allergy-related genes: 
 

•  10% differentially methylated 

• At least 2 proximal CpG probes 

• CpG island or at CpG shores 

• promoter region 

At VITO parallel data analysis via  

Bioconductor “lumi” R-package: 
 

• For quality control & normalization 

• Including Beta Mixture Quantile 

dilation (BMIQ) correction 

• Determine DM sites 

 

Short list of genes  

that may predict allergy 

 1000 DMRs 

50-200 genes 

 10 genes 

Prof. Wim 

Vanden Berghe 

Design/run pyrosequencing assays: 
 

• 3-5 CpGs in seq 50-80bp 

• validate in 12 RA / 12 controls 

• study in 38 RA / 38 controls 



10/12/2013 19 
© 2013, VITO NV 

RELEVANCE 



Relevance for stakeholders  

• Sequential follow up will improve understanding the link between exposures  

and health effects 

    in line with the 3rd priority area of the 2010 ICCA-LRI Research Portfolio 
 

•  Consistent with the European public health strategy priority 
 

•  Lies within European aims to identify & eliminate risks to children 
 

•  Priority goals in the Children’s Environment and Health Action Plan in Europe  

                                                                                                                   (CEHAPE) 

 



Relevance for society 
• Protect offspring of exposed mothers-to-be  

 

• Contribute to the development of prevention strategies 
 

• Reducing family and socio-economical burden: 

 estimated costs of untreated patients 

     = reduction in performance at work by 10-30% 

     = monetary loss of 24-72 EUR per day 

 compared to cost of treatment, which is 1 EUR per day 

Global surveillance, WHO, 2007 

http://www.efanet.rg/ 

 

http://www.efanet.rg/
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Scientific outcome and future perspective 

• Provide new levels of insight in molecular mechanism underlying  

the effect of prenatal exposure on children’s allergy risk 

• Use of saliva will simplify 

 assessment of the effect of chemical exposures on DNA methylation and  

    other biological effect markers 

 sampling in biomonitoring studies (decentralisation) 

 

• Fits in ongoing research into discovery of predictive biomarkers 

 

Confounders:

-socio -economic position
- nutritional status

- smoking, gender, BMI

Alternative 

(non) - epigenetic pathway

Exposure CpG 

methylation

Respiratory 

Allergy
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Questions? 

If we knew all the answers to our questions, 
it would not be called research, 

would it? 
 
-Adapted from Albert Einstein 
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RISKS & CONTINGENCY 
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Risks and Contingency 

1) Not sufficient statistical power: 

• Previous studies used similar sample number for screening of genes 

 

 

 

 

 

• Power calculation will be performed on first set of data 

• If >50/50 respiratory allergy cases/controls are needed  

  include other allergy cases 

 contact other mother/child pairs from the original 1200 FLEHS1 participants 

• To study the effect of chemicals we can combine FLEHS1 & FLEHS2 data 

 

 

Paper by Pub Year Initial screening Further investigations

Perera et al. 2009
Methylation sensitive restriction 

fingerprinting (N=20)

Bisulfite sequencing & MSPCR            

(+ N=56)

Pascual et al. 2011 HELP assay (N=9) Bisulfite MassArray (+N=40)

Michel et al. 2013 Bisulfite pyrosequencing (N=46)

Thompson et al. 2013

Illumina Infinium 27K BeadChip 

Arrays (N=14)

Wang et al. 2013
Illumina Infinium 27K BeadChip 

Arrays (N=14)

Methylation dependant 

fragment separation (+N=150)
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A) Are the epigenetic changes intermediate markers linked to exposure data  

                   and/or to effect data? 

B) Is the epigenetic “mark” maintained? 

2)  DNA methylation patterns in saliva & blood not comparable: 

• Focus our study on epigenetic markers in saliva 

Pregnancy Early life Childhood

FLEHS1

2003      2004     2005       2006      2007     2008      2009      2010      2011      2012      2013     2014      2015

Pregnancy Early life ChildhoodFLEHS2

2003      2004     2005       2006      2007     2008      2009      2010      2011      2012      2013     2014      2015

Birth             2y      3y                  5y                 7y                           10y

      

   

Birth             2y                            5y               7y

Questionnaires (discover allergy status)  Exposure assessment in cord blood  Saliva collection
  Study relationship epigenetic markers and early-life chemical exposure

Exposure CpG 

methylation 

Respiratory 

Allergy 

Risks and Contingency 
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Saliva vs. Blood – a pilot study 

Illumina 450K methylation arrays 

Pilot study on 5 current allergy versus 5 controls 


