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heavy metals and persistent organic pollutants (POPs)

Papadopoulou C.!, Bergdahl I.?, Palli D.3., Jonsson B.G.%., Kyrtopoulos S.!, Georgiadis P.1
I National Hellenic Research Fountation (NHRF), Greece,

2.Umea University, Sweden,

3. Istituto per lo Studio e la Prevenzione Oncologica, Italy,

4.Lund University, Sweden PRINCIPLE OF PYROSEQUENCING

EXPERIMENTAL DESIGN

Envirogenomarkers: Breast Cancer owy, v Ao oy o
Clnd Lymphoma CGSC-CO“TPOI S'rUd_Y sinng)e s;rrandgd, PCR%E\pIified, DK)A template.
Wlfhln 2 cohorts fr‘om I-raly and '[I)'PIl]eA‘remplaTe is incubated with the enzymes,
’ polymerase, ATP sulfurylase, luciferase
: i Sweden ar}:d apg/r'asli, and ;L\g SUbZTGT:S' adenosine 5°
The g|0bal r‘educlhon Of 5'"\eth|deOXYCY1'OS|ne Ievels ZTZ:pZ?S}lJ'hZ:‘eir'(sT of):onur' r(::;cl:lzg;ri‘aes is added
- i [ " o to th tion. If the nucleotide is
(6-mdC) in CpG sites of the genome constitutes a Analysis of 600 blood samples (300 - ol o e W
° ° ° ° i ulfurylase d, . ” b . d ¢ h DN
common epigenetic phenomgnon in neoplasia. Genome from Italy and 300 from Sweden) ~ - L LR e ol e ey
wide DNA hypome‘l’hy|a‘l' ion has been shown to fOf' s Of methYIGTion at three CPG APS+PPi  ATP ir:ccor'por'?‘fionhe\fren(‘rP:Ds.)a.ccompan;gf by rglec;se
y 3 e 4 ' of pyrophosphate (PPi) in a quantity equimolar
increase nome instabili a tentiall leadi To p ] : = luciferin  oxyluciferin to the amount of incorporated nucleotides.

. ge : Tyl':nmpoan'r | L% | "9 Are the levels of LINE-1 methylation in human islands of LINE-1 \C Step 3. ATP sulfurylase quantitatively
h'ghef' cancer r'|Sk. Env' a ChCﬂ'\'CGS ||KIV / k f D N A . f/ d b X f Luciferase converts PPi"ro ATP in the presence of :
increase the risk of diseases (including cancer) by "€“*9cYT€ Al e <ol e S Methods: AN R e s A M e

: : i~ 1 : . . . . Lo to oxyluciferin that generates visible light in
altering the expression of genetic information through  serjes of toxic environmental chemicals 22? A. Blood measurements of ol e B
1 H H H . . ATP.
ep'gene.hf: mechanisms S.U.Ch as those linked to CPG Persistent Of'ganlc Pollutants (P OP S) :’g:j}"ﬁi’gi);”;}:’:g‘;’igﬁ;’a‘,’:”e’“’e” tght The light produced in the luciferase-catalyzed
methylation. The repetitive sequences of DNA are and Heavy Metals (Lund University) | o Eggg;;gr‘;ﬁzﬂji *;g;,j“.lrjg‘;f“ﬂ;d SRices
(] (] ) I o N
heavily methylated in normal tissue and these Apyrase light signal is proportional to ‘rhe?\umber‘ of
Y Y among 2
- 1 ' B LINE 1 -'-h | 1-' sl DR O o= nucleotides incorporated.
LINE-1 is often used as a Surr‘oga'l'e marker for the i -1 metnyiation TP Aemse D App ., AMP + phosphate Step 4. Apyrase, a nucleotide degrading
. , conti ly d d ' ted
study of global DNA methylation levels. «Isolation of blood DNA oo 0 o VAT i cenadafion
is complete, another nucleotide is added.
. . . Step 5. Addition of nucleotides is performed
*ONA ‘b/SU/f/fe freatment nucleotide sequence one a’ra'rimel. II:‘ scP)wuld beonlofedl‘rha‘r .
G - ' A 6 CC a deoxyadenosine alfa-thio triphosphate
. (dATPaS) is used as a substitute for th
.P CR -P }’ r oseque”Cl”g Of fhf' ee Cpé ngTur‘ql Qe;xsgzenaos?neufriplhctjssmc\)‘; (dZTP),
sites of LINE-1 G
luciferase.
1 i e 1 As th ti , th | i
Statistical  analysis:  Comparison SN o AR i clo o o
between % of LINE-1 me‘rhyla‘l‘ion L sequence is determined from the signal peak in
Pyrogram.
and exposures
G C T A G C T

nucleotide added

The Envirogenomarkers project aims at the investigation of a new generation of biomarkers and at the study of the role of environmental
agents in human cancer

xposure levels of POPs and heavy metals

Spearman correlation analysis: Methylation of LINE-1 versus exposure to POPs and Heavy Metals
in Italy and in Sweden P Y Y P vy

A. All samples (Italy and Sweden) B. Comparison between the two cohorts
HCB DDE Dioxin-like PCB4
000 T e - ALL SAMPLES 'log ITALY ALL SAMPLES log SWEDEN ALL SAMPLES log
° . s _— . : logist log2nd| log3d | vector logist | log2nd | log3d | vector logist | log2nd | log3d | vector
=4 . . log HCB Correlation 5,236 1,802 |,192 | 164 log HCB Correlation 014/ -,077| -,034] -,041 log HCB Correlation - 154 | -014] ,184 | -024
. == ; s0{ ¢ H Coefficient Coefficient Coefficient
$ . .
. 20000 | o . Sig. (2-tailed) |=,000,0001 000, 000 Sig. (2-tailed) | ,831] ,227| 593 524 Sig. (2-tailed) 009 817 ,002 ,685
g 3 E | E N 530, 530/ 530 529 N 245 245 245 244 N 285 285 285 285
. i ’ : s = 400 - log DDE Correlation -,193 | ,274 | ,181 | ,161 log DDE Correlation -,013] -,115 -,015 -,080 log DDE Correlation -,060f ,026] ,138| ,033
100007 oo Coefficient Coefficient Coefficient
e ! 5000 - Sig. (2-tailed) |,000; ,000f ,000 ,000 Sig. (2-tailed) | ,834| ,072 ,810] 211 Sig. (2-tailed) 310, 666/ ,020 ,577
o o] 01 N 530 530 530 529 p<0.05 N 245 245 245 244 N 285 285[ 285 285
| | , , log(118+156)  Correlation - 171 0,04 ,097| -,010 log (118+156) Correlation -,065] -,193 | -,019 -,144 log(118+156) Correlation -, 147 -,050f ,128| -,060
laly - Italy Sweden ltaly ~ Sweden Coefficient Coefficient Coefficient
** p<0,001 Sig. (2-tailed) | ,000 ,316] ,026 ,319 Sig. (2-tailed) | ,309] ,002 ,766/ ,024 Sig. (2-tailed) 013 ,399, ,080 ,315
1.Dioxin-like PCBs: 118+156; Non dioxin-like PCBs: 153+138+170+180 N 930 530 530 529 p<0.1 N 245 245 245/ 244 N 285 285 285 285
log Correlation -022) -,031) ,076/ -,006 log Correlation 043 -1200 ,050/ -,052 Log Correlation 051 -014] ,128] 013
Non dioxin-like PCBA Cadmium Lead (153+138+170+180) Coefficient (153+138+170+180) Coefficient (153+138+170+180) Coefficient
10000 ! o0 Sig. (2-tailed) | ,618] ,472| ,081] ,892 - - - -
. . ) g. : , , , <02 Sig. (2-tailed) | ,502] ,061 ,438 416 Sig. (2-tailed) 390, ,820/ ,031 ,830
oo | g . wi e | Ne S5 530 530 530 529 ' N 245 245 245 244 N 285 285, 288 285
! 5 . log cadmium Corrella.t|on -111 | ,190 | ,102| ,116 log cadmium Correlation -,010f ,083 ,031| ,030 log cadmium Correlation -,071 ,051] ,116] ,034
6000 1 H ' N i 0 Coefficient Coefficient Coefficient
e <. s 1 : Sig. (2-tailed) | =,007,000F ,013 —,005 Sig. (2-tailed) | ,869 ,156| ,600| ,605 Sig. (2-tailed) | ,234/ ,389 ,051] ,562
24000 2°7 3 : = o N 584/ 584/ 584 583
| g . " 4 A 2 N 297| 297 297| 296 N 287| 287 287 287
2000 - : l ! 100 log lead Corrella.tlon -,210 | ,347 | ,090| ,217 log lead Correlation -,048) -126 -,068| -,095 log lead Correlation ,082| ,010, -,013] ,055
1 i 1] @ Coeflicient Coefficient Coefficient
01 N § 0 Sig. (2-tailed) | =,000,0001 ,030,000 Sig. (2-tailed) | ,412[ 029 241/ ,102 Sig. (2-tailed) | ,167| ,869 ,824| 350
N 584/ 584 584/ 583 N 297/ 297 297| 296 N 287| 287 287 287
Italy Sweden Italy Sweden ltaly Seele 1Log vector: the log transformed value of a geometric estimation of the average methylation of the three CpG sites
**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
In general, Italy presents higher o : ] & :
9 Y Y P g Strong association of methylation >Evidence of association between methylation and exposure
exposure levels than Sweden / : :
with exposure at all sites »Apparent differences between the two cohorts

different demographic parameters Methylation of LINE-1 versus exposure

Linear Regression model: Association of LINE-1 methylation with exposure controlling for > < Multinomial Logistic:
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a. The reference category is the 4 higher quartile.
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Verification of the linear regression mode/

FINDINGS: Methylation of LINE-1 is significantly correlated with the serum levels of exposure to dioxin-like (known for their endocrine disruptor
activity) and non dioxin-like POPs. A similar, inverse association was also observed between DNA methylation and erythrocyte lead levels in
subjects of the Italian cohort, who on average suffered higher exposure than their Swedish counterparts. Furthermore, there's an evidence that
males present increased levels of global methylation than females.

OUR STUDY SUGGESTS THAT CUMULATIVE EXPOSURE TO PCBS AND HEAVY METALS MAY ALTER THE |
Cpe METHYLATION PATTERN AND AFFECT THE EPIGENETIC REGULATION OF CELLULAR FUNCTIONS o &€ 9
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