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1.1. Project Objectives

General objectives 

Due to extensive confounding by various factors, it has been extremely difficult by means of conventional epidemiology to establish valid associations between the presence of various carcinogens as well as protective substances in food on one hand, and cancer in humans on the other. In this context the use of molecular biomarkers may provide important tools as a complement to conventional epidemiology. It has been firmly established that certain DNA adducts that are not readily repaired during the cell proliferation represent initiating events, that subsequently may result in neoplasia. If  dietary exposures to mixtures of  potentially carcinogenic pollutants generating DNA reactive metabolites do indeed have a significant impact on human cancers, it should be possible to detect  specific damages in human DNA resulting from their presence in food and drink. Based on several practical considerations mixtures of polycyclic aromatic hydrocarbons (PAHs) and their epoxides have been selected as the major study object for this project. Exposure to PAHs seems to represent one of the few available practical options relevant for the induction and prevention of  diet-related cancer in humans where the results can be directly verified in vivo. The general objectives include:
 (i) To provide an adequate  basis for interpretation of human cancer data from experiments in vitro and rodent studies using novel approaches with respect to the induction and repair of DNA-lesions from PAHs, as well as to study the relation between DNA adducts and oxidative stress. 

(ii) To trace the origin of high levels of “background” DNA adducts of the PAH type found in certain non-smoking individuals from the general population, while taking possible modulation by genetic factors, exposure to a toxic agents that affects DNA repair  as well as diet into consideration. 

(iii) To assess the protective effects of selected dietary constituents against gentotoxic damage in vitro, as well as in mammals including humans. 

The experimental part of the project integrates a complementary set of research areas from molecular biology and cytogenetics, applied to in vitro systems as well as in the rodent, with the aim to bridge the gap between model systems and humans, one of the vital  challenges for contemporary applied toxicology. The overall objective is to provide new information on the formation and repair of DNA-lesions from PAHs, induction of apoptosis,  and chromosome damage, as well as identification of  natural compounds/food additives that offer promise as protective agents. In this manner data are generated that can facilitate the design and interpretation of the conducted human studies.

Very little is known about some aspects of PAHs genotoxicity, e.g. induction of oxidative damages, and DNA lesion  bypass mechanisms, and while it is known that the mutagenic and clastogenic potency of various PAHs differ, few quantitative data have been published in the literature. Further, the mode of DNA repair caused by these compounds may differ, that constitute a key topics for investigation within this project. 

Human studies - The development of extremely sensitive methods for detection of low levels of pro-mutagenic DNA adducts and oxidative damages  offers a possibility to extend the resolution of conventional epidemiology. There have been several studies linking PAH exposure and genetic polymorphism of metabolizing and detoxifying enzymes in a general fashion. However, an in-depth analysis of  the underlying non-occupational reasons for unusually high adduct levels occasionally found in non-smoking individuals have been undertaken and this issue was investigated  in this project. It is well-known that hereditary defects in DNA repair are associated with an increased risk for cancer, exemplified by  diseases like  xeroderma pigmentosum, hereditary nonpolyposis colon cancer, familial breast cancer and ataxia telangiectasia. For this reason polymorphism of major genes involved in DNA repair have also been investigated in the selected populations. 

The incidence of human cancer is extensively modulated by protective agents present in food and drink, and there is convincing evidence that a  high intake of fruits and vegetables has a preventive action. Although rodent studies has given some indication, little is known about which particular dietary components exert protective action in humans.  

Aided by mechanistic in vitro data, the investigations in humans described in this project assess the following topics: 

- Multiple correlations between genotype, DNA damage, diet  and excretion of  metabolites from PAHs.

- The role of impaired DNA repair in increasing genotoxic damage  caused by PAHs in humans

- Synergistic effects between arsenic, an inhibitor of DNA repair, and dietary exposure to PAHs in humans

- Protective effects of antioxidant dietary supplements to DNA lesions caused by dietary exposure was assessed in cross-over intervention study

Life style factors evidently play an important role in the  deteriorating health of some populations in the former socialist states in Central and Eastern Europe. While integrating  scientific information  derived from this project, the extensive experience that the coordinating institute has gained from participating in international and national projects related to public health will be applied to promote a healthier diet  in Poland and Serbia. 

Specific objectives; Experimental Investigations -  The mere presence of  low level DNA damage in humans cannot be equated with risk for cancer. A basic understanding is required of which mechanisms are involved in their generation and repair. This type of information will require studies to be conducted in cultivated mammalian cells as well as in experimental animals. In order to  achieve these goals the following specific objectives were set up: 
(a) To initiate the development of sensitive techniques for determining various types of DNA damages, including cytogenetic effects. 

(b) To obtain novel mechanistic insight with respect to the formation and repair of DNA-adducts and chromosome damages generated by PAHs, as well as their relation to oxidative damages and apoptosis. 

(c) To conduct rodent studies with selected protective agents to provide the basis for subsequent human studies.

Specific objectives; Human Studies - The use of molecular biomarkers in conjunction with genotyping may provide important tools in identifying potentially carcinogenic as well as protective substances present in the diet. This type of information  can provide an important input to health advisories for the general population. 

Studied cohorts - For the study of PAH-induced genotoxic damage, interviews and sampling of  blood and urine were undertaken for 100 non-smoking women from each of the following areas: Lodz (Poland), Viterbo (Italy), Belgrade (Serbia). Similar studies were planned in Vojlovica region (Serbia) in the close vicinity of the petrochemical complexes in Pančevo that were destroyed by the massive NATO bombings in 1999, but due to difficulties in getting permission from Serbian government only micronuclei formation studies were performed. Thus, the selected geographic regions are characterized by different ethnicity as well as  life  styles.

Permission from the local health authorities to perform any kind of human studies in the Vojvodina autonomous region was refused.  For this reason the plan to investigate the area around the bombed refinery in Novi Sad, as well as to carry out the study on synergistic effects in the Banat district characterized by high arsenic concentrations in drinking water had to be abandoned. Instead, to study combined effects of arsenic and PAHs exposure , workers in the shaft furnace section of the Glogow cupper smelter in southern Poland were studied. Urinary analysis of these workers indicated that they are exposed to high levels of airborne arsenic corresponding to total intakes above 100 micrograms per day.  Selected workers from this smelter provided subjects for the latter investigation. 

Endpoints selected for study - The following endpoints (parameters) were chosen for investigation of the human cohorts:

· Levels of DNA adducts of the PAH type as well as oxidative lesions (Comet assay).

· Excretion of PAH metabolites with urine.

· Genetic polymorphism with respect to main activating and detoxifying enzymes and selected DNA repair enzymes (DNA repair capacity). 

Methodologies and approaches employed 

Methodology development -  During the project a useful assay for determination of the phenotypic capacity of human lymphocytes to repair bulky DNA adducts of the type induced by PAH has been developed (IEM ASCR). It is based on the repair of  DNA damages induced by benzo(a)pyrene diol epoxide (BPDE) in presence of hydroxyurea and cytosine arabinoside, where the extent of DNA damage is assayed by single cell electrophoresis (comet assay) as single-strand breaks. For determining low levels of oxidative lesions, and DNA crosslinks, a combination of the Fpg-technique with  the fluorescence alkaline DNA unwinding  (ADU) technique has been developed (SU)

For the study of induction and repair of DNA damage induced by epoxides from selected PAHs as well as for the cytogenetic studies, cultured Chinese hamster ovary (CHO) cell lines proficient (AA8) as well as repair deficient with respect to nucleotide excision repair (NER; UV4, UV5), base excision repair (BER; EM9), homologous recombination (HR; irs1SF), non-homologous end-joining  (NHEJ; V3-3, Ku70/80) and the transcription coupled repair pathway of NER (TC; UV61) have been employed. These cell lines are unable to metabolically activate PAHs, and for the assessment of mutagenicity of the parent compounds, V79 hamster cells transfected with rat CYP1A1 were used (SU). 
In the same cell lines as mentioned above, parallel experiments were performed to determine sister chromatid exchanges (SCEs) by standard methods, chromosome aberrations by fluorescence in situ hybridization (FISH), whereas non-disjunction events have been scored in cytochalasin B induced binucleated cells using chromosome specific DNA probes. The effects on apoptosis were studied with a cytofluorimetric method (UNITUS, VINCA). 

In the in vitro as well as in the rodent studies DNA benzo(a)pyrene derived adducts was determined  by 32P postlabelling, and oxidative damages in white blood cells by the comet assay. In addition, micronuclei in bone marrow as well as in polychromatic peripheral erythrocytes were assessed by flow cytometry (KI). 

Polymorphism of genes coding for major DNA repair and PAH metabolizing enzymes has been determined by PCR and restriction fragment length polymorphism in lymphocytic DNA (IEM ASCR).
Two different types of PAH metabolites have been considered as urinary biomarkers for this study. The first type are phenolic metabolites which are formed from naphthalene (2 isomers), pyrene (3 isomers) and phenanthrene (5 isomers) and can be determined as a profile of markers in one analysis. These phenols represent detoxication markers, and reflect the internal body burden caused by PAH exposure. The second type is a tetrol metabolite formed from phenanthrene (Phen-T) which was determined in a separate analysis due to its much higher polarity. Whereas the excretion of phenolic metabolites represents a metabolic route of PAH detoxication, the formation of Phen-T represents a metabolic activation pathway which is also operative with carcinogenic PAHs such as benzo[a]pyrene (BIU).

Results

Experimental investigations

Mechanistic studies - Main efforts have been devoted to mechanisms of induction and repair of DNA damages, as well as to provide sufficient data for defining the intrinsic mutagenic/recombinogenic potency for selected diolepoxides in cultured mammalian cells proficient and deficient in various repair pathways (SU, UNITUS).
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Fig. 1

In Fig. 1 the different kind of responses to DNA damage during replication are depicted in a simplified manner, and where the red entries symbolize the topics investigated by the SU team, while the blue markings indicate the cytogenetic studies performed by UNITUS. Chinese hamster ovary (CHO) cell lines proficient (AA8) as well as repair deficient with respect to nucleotide excision repair (NER; UV4, UV5), homologous recombination repair (HRR; irs1SF) and non-homologous end-joining  (NHEJ; V3-3, Ku70/80). Mutagenicity and DNA repair of PAHs have been studied  in V79 hamster cells transfected with rat CYP1A1. For determining low levels of oxidative lesions, AraC-sensitive sites and DNA crosslinks, a combination of the Fpg-technique with  the fluorescence alkaline DNA unwinding  (ADU) method has been developed. A novel method for monitoring replication fork (RF) progression and the influence of DNA lesions on this process has also been developed. It is based on the fact that each RF is expected to be associated with a pair of single-stranded ends, which can be monitored by strand separation in alkali.

Treatments were conducted with the diolepoxides derived from benzo(a)pyrene (BPDE), dibenzo(a)pyrene (DBPDE), fluoranthene (FADE) and benzophenanthrene- (B(c)PhDE). They have been investigated in terms of mutagenic efficacy, replication bypass by recombination, and trans lesion DNA synthesis, incision rates as well as  repair kinetics. Of the three compounds tested, DBPDE is the most toxic, mutagenic, and recombinogenic, whereas  FADE is the least reactive and gives less mutations per recombination event as compared to BPDE. The DBPDE adducts appear to be more mutagenic and recombinogenic than the BPDE adducts. The former are also more stable, less effective substrates for NER and block replication more efficiently. The fjord region compounds B(c)PhDE showed a low ratio of mutations per recombination event compared to the bay region PAHs (BPDE, DBADE and FADE). These findings could indicate that adducts from fjord region PAH diolepoxides are repaired through different pathways than bay region compounds. 
NER clearly represents the major pathway of DNA repair for most of the diolepoxides. However, dibenzo(a)pyrene behaves differently, inasmuch as adducts from this epoxide do not seem to be repaired by the NER pathway in our systems. An important observation is that NER is working differently in human as compared to hamster cells.

The intracellular half-life of BPDE as well as of DBPDE has been estimated to be about 13 min, whereas for B(c)PhDE the corresponding value was  140 hr. The kinetics for formation of DNA adducts from BaP, its diol and diolepoxide have been determined by 32P-postlabelling, and  the potencies of the epoxides can, thereby, be expressed as per DNA adduct. DBPDE turned out to give the highest mutation level per adduct and BPDE the lowest. Based on the rad equivalent concept, risk estimates for BaP based on adduct levels and mutations in the hprt gene in comparison with ionizing radiations indicate that a dose of 0.13 nM B(a)P gives a risk increment comparable to that from 0,0007 mGy of gamma irradiation. 
Cells deficient in NER (UV4) were hypersensitive to both UV radiation and BPDE, and displayed a pronounced delay in RF progression, which indicates that NER plays an important role in maintaining fork progression along damaged DNA. The elevated rate of RF progression in cells deficient in homologous recombination repair (irs1SF) indicates that this protein is involved in a time-consuming process which resolves stalled RFs. As expected, cells deficient  in base excision repair (EM9) were strikingly more sensitive to oxidative damage than cell lines with defects typical of bulky adducts affecting other types of DNA repair
The results suggest an important role of NER for cellular resistance to BPDE affecting both the induction of chromosomal aberrations and SCEs. BPDE induced exclusively chromatid type of aberrations, mainly breaks and exchanges. BPDE was found to induce more chromatid exchanges than chromatid breaks in all the cell lines studied, irrespective of their repair capacity. HRR also seems to play a role in cellular resistance to DBPDE, BPDE and FADE, not only with respect to induction of chromosomal aberrations, but also for cellular resistance to apoptosis. NHEJ appears not to play any significant role for the induction of either end-points under study.  An unexpected finding was that BER seems to be involved in cellular resistance to DBPDE, affecting both the induction of chromosomal aberrations and SCEs.

Chemoprotective effects in vitro – Chlorophyllin demonstrated antigenotixic action against several diolepoxides, and it was found to be active also when the diolepoxides were generated from the parent compounds  intracellularly in hamster cells transfected with rat CYP1A1. Ellagic acid  proved to be antimutagenic with respect to BPDE. 
In a study in C57BI/6J mice for testing  the efficacy of  the anticarcinogenic compounds benzyl isothiocyanate, epicathecins, ellagic acid, and chlorophyllin were administered via feed to assess protective effects against DNA lesions induced by benzo[a]pyrene (BaP). DNA BaP adducts was determined  by postlabelling, and oxidative damages in white blood cells by the Comet assay. In addition, micronuclei in bone marrow as well as in polychromatic peripheral erythrocytes were assessed. 

At a dose of 30 mg/kg (i.p.) BaP induced a clear elevation of oxidative damages, micronuclei as well as DNA adducts. The dose response after i.p., or oral dosing indicated a linear formation of DNA adducts in liver. As expected, i.p. administration gave considerably higher adduct levels than gavage. The fact that the leukocyte DNA adduct levels were higher than in liver and lung, as well as the very low levels in the gastrointestinal tract were unexpected findings. A disappointing finding was that neither chlorophyllin, nor ellagic acid exhibited any protective action with respect to the induction of DNA adducts in mouse liver. On the other hand,  both compounds decreased the oxidative damages as well as the frequency of micronuclei in polychromatic erythrocytes, possibly reflecting the different nature of the genotoxic end-points measured.  
Studies in humans 

Cohorts of 100 non-smoking women from Lodz, and Viterbo, as well as  from Belgrade have been genotyped, interviewed with respect to life-style related factors, and sampled for determination of the following end-points: 

· PAH-metabolite patterns, 

· DNA adducts and oxidative damages and 

· biomarkers for vegetable intake (plasma levels of vitamin E and coenzyme Q10). 

In addition, to the Belgrade cohort, 100 residents in Vojlovica living close to the bombed Pančevo refinery and petrochemical complexes were scored with respect to micronuclei (MN) in peripheral lymphocytes. Urine samples were also obtained from 26 refinery workers.  

In urine 1-hydroxypyrene, 1,6- and 1,8 –dihydroxypyrene,  1- and 2-hydroxynaph-thalene, 1-, 2-, 3-, 4-, and 9-hydroxyphenenthrene, anti,trans-phenanthrenetetrol as well as cotinine (to check for smoking status) have been determined for all 426 subjects. The concentrations of main PAH urinary metabolites found in the Italian cohort compared closely to findings in Germany indicating similar PAH levels in ambient air and consumed food. However, the median of the sum of 1- and 2-naphthol for the Italian cohort was about half of the values recently reported for a German cohort of non-smokers. Elevated concentrations of PAH metabolites in the Polish and Serbian cohorts reflect significantly higher exposures from ambient air and/or contaminated food. The highest urinary metabolite concentrations were found in Lodz. In comparison to the control group investigated in the Pančevo refinery, and also to the cohort from Vojlovica, the employees in the refinery working  in the production area, surprisingly enough, showed only a slightly elevated increase in the excretion level of PAH metabolites as compared to Belgrade residents. The results obtained further indicate that in comparison with the normally used  1-hydroxypyrene, the dihydroxypyrens are superior as indictors of  complex PAH exposures. 

The molar ratios of phenanthrene tetrols (Phen-T) and the sum of monohydroxy phenanthrenes (ΣOH-Phe) demonstrated striking differences, on one hand for the Italian and Serbian cohorts and on the other, the Polish women. The distribution of molar Phen-T / ΣOH-Phe ratios of the Italian and the Serbian study population showed great similarities, inasmuch as the percentage of subjects excreting more phenanthrene phenols (ratio < 1) and subjects predominantly forming Phen-T (ratio > 1) are almost 1 : 1 in both groups. In the Polish study population no individual was found with a ratio < 1, indicating that all subjects are predominantly forming Phen-T as urinary metabolite of phenanthrene. About 18% of this study group showed ratios > 5. Thus, the phenotype characteristic of the Polish non-smoking women exhibit great similarities to that of smokers, i.e. demonstrating an induction of the diol epoxide activation pathway of phenanthrene. 

In agreement with the urinary metabolite data, the DNA adduct levels for the Polish cohort (0.456±0.896 adducts per 108 nucleotides) were significantly higher than those obtained from the Belgrade area (0.229±0.125 adducts per 108 nucleotides). A more surprising finding that is difficult to explain -  and that is contrary to the metabolite data -  was that Italian women had even higher adduct levels than the Polish cohort (0.544±0.410 adducts per 108 nucleotides). The data from the polluted Vojlovica part of Pančevo were similar to those from Belgrade (0.284±0.244 adducts per 108 nucleotides)(KI), which together with the metabolite data as well as low PAH concentrations determined in vegetables consumed in the Vojlovica area, reinforces the assumption that contributions from air pollutants have a minor impact on PAH-induced DNA damage. 

Analysis of the micronuclei data for Belgrade woman show a significantly lower frequency for the subgroup consuming vitamin supplements versus individuals who did not (p=0.04). There was also a significant positive correlation between micronuclei in lymphocytes and excretion of 3- and 4- hydroxyphenanthrenes, as well as with respect to total excreted PAH metabolites. 

As biomarkers of vegetable intake the levels of α-tocopherol and coenzyme Q10 were determined in the three investigated cohorts. A set of samples from a Swedish cohort complemented flawed data from the Italian women, where poor handling/shipping of the samples had resulted in a marked decrease in the tocophorol levels. The data from Poland and Sweden were comparable, whereas the levels for Belgrade women were significantly elevated, implying a higher intake of vegetables.  The vitamin E concentration in plasma from women in Vojlovica in the industrial Pančevo area indicate, on the other hand,  a lower intake of vegetables than  for the Belgrade cohort. Again, the levels of coenzyme Q10, the level of which is mostly corelated with those for tocopherol,  were significantly higher in the Serbian than in the Polish women, whereas the concentration for Italian women occupied an intermediate position.
To investigate the actual status of PAH pollution of contaminated soil at the Pančevo petrochemical industry area, drilling cores were taken at two sites in the refinery area, as well as close to the waste water canal connecting the petrochemical complex of the refinery with the Danube river. The drilling cores as well as three typical crude oils have been analyzed  The PAH profile have been compared with the PAH profile measured in 3 different Russian export blend (REB) samples. In total 50 PAH profile analyses have been carried out in soil and crude oil samples. The PAH concentrations in the soil samples from the refinery were found in a range of 88 to 1711 µg/kg, whereas in the drilling cores a range of 33 to 2531 µg/kg was analyzed. Vegetable samples including leaves and roots have been analyzed from the Vojlovica area to detect possible environmental contamination. The mean values of the total PAH level (22 PAH isomers) found were in the range of 2,9 – 392,4 µg/ kg. The concentration of benzo[a]pyrene, the carcinogenic lead PAH compound, was in all samples below 1 ppb..In comparison to the control group investigated in the refinery and also to the cohort from Vojlovica the employees in the refinery working in the production area show no significant increase in the excretion level of PAH metabolites. For example the median for 1-OH-PYR of the workers in the production is 0,22 µg|g crea, whereas for the control group from the refinery a median of 0,29 µg/g crea and for the Vojlovica control group a median of 0,21 µg/L is observed. A very similar results has been found with the study group from Belgrade (mean value 0,19 µg/g crea). Based on these results it is concluded that the workers and the people living in the vicinity of the refinery are not suffering from an increase of ambient PAH exposure causally linked to the production of the petro-chemical complex of the refinery
Analysis of genetic polymorphisms in major metabolizing and DNA nucleotide excision as well as  base excision repair genes have been performed for the complete set of 426 samples from Poland, Italy and Serbia. The allelic distributions for the DNA repair genes did not indicate any significantly differences between the three cohorts. 
Comet assay data have been obtained from all Polish, Italian and Serbian women. All samples from the healthy cohorts of non-smoking women were processed for the basal DNA damage and oxidative DNA damage, detected as FPG sensitive sites. The rate of DNA damage  measured by comet assay was found to differ significantly  between the populations under study (p<0.001). Wide inter-individual wariations were observed in all cohorts. A clear association was found between DNA damage level and  genetic polymorphism of DNA repair genes. An association was found between XRCC3 genotype and DNA damage measured as DNA fragmentation (p<0.0014) in the Serbian population and in combined cohorts (p<0.016), and between OGG1, and DNA fragmentation after fpg enzyme treatment, in the Italian population (p<0.025). Among the analyzed XME genes, a strong association was found between NQO1 exon 6 genotypes and DNA damage expressed as SSB in the Italian (p<0.0045) and Polish populations (p<0.03), as well as in combined cohorts (p<0.003). Another association between XME genotypes and DNA damage was found in single populations (EPHX1 exon 3, p<0.035, CYP1B1 codon 453 (p<0.049) in the Italian population and  GSTP1 exon 5 (p<0.024) in the Polish population).

 A statistically significant relationship was found between the frequency of having fried, smoked or grilled meat dishes as well as vegetable servings and the DNA fragmentation, with and without fpg enzyme treatment, (p<0.001)
The average micronuclei (MN) frequency for 97 women from Belgrade and 57 subjects from Voilovica was 10 per 1000 cells, with wide inter-individual variations. There was a marked increase of MN frequency with age, and a statistically significant association between high intake of vitamin supplements and decreased frequency of MN. 

With respect to associations between polymorphism and DNA repair, the highest BER capacity seems to be found in individuals with the XRCC1, codon 399 wild-type genotype, while the lowest is associated with homozygous variant genotype. The Polish data have been stratified in relation to dietary habits.  A preliminary assessment seems to indicate that for the Polish cohort a high consumption of vegetable and fruit is associated with a decreased level of DNA adducts, and a high amount of grilled, fried, smoked meat and/or fish in the diet results in an  increased excretion of PAH metabolites with urine, elevated levels of lymphocyte DNA strand breaks and DNA base oxidation. However, no overall correlation has been found between levels of PAH metabolites in urine and DNA adducts. Polymorphisms in CYP1A1, EPHX1 and GSTP1 significantly modulated the levels of urinary phenathrene metabolites. 3-OH-Phe and the sum of phenanthrene metabolites were partially affected by the polymorphism in CYP1B1, codon 453. 

Modulation of genotoxic effects from PAHs by arsenic (As) – We have previously obtained evidence that inorganic arsenic inhibits DNA repair, and experimental as well as epidemiological data indicate that As enhances the genotoxic action of other carcinogens. According to the original plans, an investigation of synergistic effects between consumption of grilled meats and simultaneous exposure to high levels of As in drinking water (>100 μg/L) was to be performed in the Banat area of northern Serbia. Unfortunately, the local health authorities of the Vojvodina Autonomous Region refused permission to conduct any investigations involving human sampling. However, urinary analysis indicated that workers in the shaft furnace section of the Glogow cupper smelter in southern Poland were exposed to high levels of airborne arsenic corresponding to total intakes above 100 micrograms per day.  Selected workers from this smelter seemed to provide a suitable cohort for the study of synergistic effects. In a cross-over intervention study featuring a design similar to that described below, 11 genotyped workers with urinary excretion levels of 65-208 μg As per L were given grilled meat giving a total PAH intake in the range 3440-3797 μg (BaP, 183-192  μg) during 4 days. After a wash out period, these workers were transferred to a work environment with lower As exposures (urinary excretion levels 28-128 μg As per L).  There was considerable temporal and individual variations in the levels of oxidative damages in terms of single strand breaks.  In comparison with PAH intake during reduced As exposure  the effect of combined high As/PAH exposure was  significantly elevated greater for 3 subjects, whereas  there were no significant differences for other workers. However, for 2 workers the As exposures were moderate and more or less the same during the two phases of the study. With respect to induction of micronuclei, there seems to have been no significant difference between the two regimes. The differences in exposures have most probably been insufficient for drawing valid conclusions on the impact of As on PAH-induced genotoxic effects. 

In a cross-over intervention study 21 genotyped volunteers from Lodz were first given grilled meat with high concentrations of PAH (Σ PAH = 1150-3150 µg/kg; benzo[a]pyrene = 54-157 µg/kg) giving an intake of  300-800 μg total PAH per day during 4 days, and subsequently an identical diet supplemented with green tea extract or chlorophyllin for an equal length of time, interspaced by a PAH wash out period during which protective agents were consumed. This is the first investigation of the modulating impact of chlorophyllin on the effects from PAH exposure in humans.
During ingestion of grilled meat the excretion of metabolites shown a marked induction phase reaching a maximum after five days, and  one week after the exposure period the concentration of all PAH metabolites were almost back to background levels.   It is noteworthy, that in contrast to the main cohort of non-smoking women, the male subjects of this study excrete Phen-T at levels that are only one-fifth of the concentration of the ΣOH-Phen. However, whereas for the ΣOH-Phen only a 4,7-fold increase has been found after the exposure period, the urinary excretion of Phen-T is increased by a factor of 16,9 that  may indicate an additional enzyme induction during the exposure period (4 days) to grilled meat with high PAH levels leading to a preferential induction of the diol epoxide pathway. The most remarkable effect was a drastic inhibition of the excretion of PAH metabolites with urine. After the consumption of grilled meat for 4 days, on day 5 the two groups given supplement containing chlorophyllin and green tea extracts, respectively,  showed a dramatic reduction in the excretion of all of the 5 PAH metabolite exposure markers. The median concentrations of the 5 determined metabolites were decreased between 12.2- and 25.5-fold. Most interestingly, this drastic reduction in the urinary excretion induced by the chemoprotective substances is maintained even one week after consumption of grilled meat had ceased, at which time point the mean values were still decreased by a factor 4 to 26. For the majority of participants tea polyphenols also depressed oxidative damages as measured by the comet assay. As described previously in the literature, and confirmed in this study, there were large inter-individual variations with respect to the induction of PAH derived DNA adducts, and two individuals displayed extremely high adduct levels already before consuming grilled meat, obviously due to an unknown massive prior exposure. However, in comparison with ingestion of grilled meat alone, overall the adduct levels tended to be lower when grilled meat was supplemented with chlorophyllin intake. 

Relying on data obtained in this project, as well as supported by updated medical information, health advisories intended for the general public have been prepared and printed in the Polish and Serbian languages. 
____________________________________________________________________
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Appendix 1 - Plan for using and disseminating the knowledge 

Section 2 – Dissemination of knowledge

The main strategy for the DIEPHY Consortium for using and disseminating knowledge consists in the publication of results in peer reviewed scientific journals as well as to present main achievements at international conferences.

Overview table

	Planned/actual

Dates
	Type


	Type of audience
	Countries addressed
	Size of audience
	Partner responsible /involved

	2004-08
	Publications
	Science
	World wide
	
	1,2,3,4,5,6,7

	Nov. 2007
	Health advisories
	General public
	Serbia

Poland
	
	1

	2004-2007
	Project web-site
	General
	World wide
	
	1

	2006-2007
	Posters
	Science
	World wide
	500
	1,3,4,6,7


PUBLICATIONS ACKNOWLEDGING THE SUPPORT OF THE PROJECT

Johansson F, Lagerqvist A, Erixon K, Jenssen D. A method to monitor replication fork progression in mammalian cells: nucleotide excision repair enhances and homologous recombination delays elongation along damaged DNA. Nucleic Acids Res. 2004; Nov 10;32(20):e157.

Johansson F, Lundell T, Rydberg P, Erixon K, Jenssen, D. Mutagenicity and DNA repair of glycidamide-induced adducts in mammalian cells. Mutat. Res. 2005; 580, 81-89.

Kuricova M, Naccarati A, Kumar R, Koskinen M, Sanyal S, Dusinska M,  Tulinska J, Vodickova L, Liskova A, Jahnova E, Fuortes L, Haufroid V, Hemminki K, Vodicka P. DNA repair and cyclin D1 polymorphisms and styrene-induced genotoxicity and immunotoxicity. Toxicol Appl Pharmacol, 2005; 207, S302-S309. 
Naccarati A, Soucek P, Stetina R, Haufroid V, Kumar R, Vodickova L,  Trtkova K, Dusinska M, Hemminki K, Vodicka P. Genetic polymorphisms and possible gene-gene interactions in metabolic and DNA repair genes: effects on DNA damage. Mutat. Res. 2006; 593, 22-31.


Johansson F, Lagerguist A, Filippi S, Palitti F, Erixon K, Helleday T, Jenssen D. Caffeine delays replication fork progression and enhances homologous recombination induced in Chinese hamster cell lines by UV-irradiation. DNA Repair, 2006; Dec 9; 5(12):1449-58. 

Slyskova J, Dusinska M, Kuricova M, Soucek P, Vodickova L, Susova S, Naccarati A, Tulupova E, Vodicka P. Relationship between the capacity to repair 8-oxoguanine, biomarkers of genotoxicity and individual susceptibility in styrene-exposed workers. Mutat Res. 2007 Aug 9; [Epub ahead of print]

Vodicka P, Stetina R, Polakova V, Tulupova E, Naccarati A, Vodickova L, Kumar R, Hanova M, Pardini B, Slyskova J, Musak L, De Palma G, Soucek P, Hemminki K. Association of DNA repair polymorphisms with DNA repair functional outcomes in healthy human subjects. Carcinogenesis. 2007 Mar;28(3):657-64
Meschini R, Marotta E, Berni A, Filippi S, Fiore M, Mancinelli P, Natarajan AT,  Palitti F, DNA repair deficiency and BPDE induced chromosomal alterations in CHO cells, Mutation Research/ Fundamental and Molecular Mechanisms of Mutagenesis (2007), doi:10.1016/j.mrfmmm.2007.07.005, in press
Pardini B, Naccarati A, Novotny J, Smerhovsky, Vodickova L, Tulupova, Polakova V, Hanova M, Kumar R, Bortlik M, Kunovska M, Barale R, Hemminki K, Vodicka P. Association study between DNA repair genetic polymorphisms and risk of colorectal cancer in Czech Republic. Mutat. Res. (Fundam. Mol. Mech. Mutagen.), in press.
PRESENTATIONS - POSTERS

Vodicka P, Soucek P, Kumar R, Naccarati A, Vodickova L, Kuricova M, Pardini B, Petrikova I, Matousu Z, Hemminki K. Interest in polymorphisms in biotransformation and DNA repair genes as modulating factors in genotoxicity/carcinogenicity. The 9th World Congress on Advances in Oncology and 7th Int. Symposium on Molecular Medicine, Hersonissos, Crete, Greece, Oct. 2004.

Prochazka (Bacova) G. , Segerbäck D., Stepnik M., Lewinska D., Palus J., Dziubaltowska E. benzo(a)pyrene-induced DNA adducts and effect of selected plant substituents in c57bl/6j  female mice DNA adducts analysis by the dinucleotide/monophosphate version  of 32P-postlabelling assay.Poster presentation, ECNIS Research Planning Workshop, 9-11 January 2006, Athens, Greece.
Seidel A, Dettbarn G, John A, Gromadzinska J, Palitti F, Antic´ R, and Jacop J. Differences in the urinary excretion of PAH metabolites in the general population of eastern and western Europe. Poster presentation ESBIO Conference on “State of the art of Human Biomonitoring within Europe”. 19-21 March, 2006.

Gromadzinska, J. Palus, G.Prochazka, D.Segerbäck, A.Seidel, P.Vodicka, P.Soucek, A.Naccarati, K.Rydzynski, W.Wasowicz, and R.Nilsson. The influence of food constituents and genetic polymorphism of XME and DNA repair enzymes on DNA damage. EUROTOX Meeting, Dubrovnik, 2006

Prochazka G., Segerbäck D., Seidel A. PAH- DNA adducts vs PAH urinary metabolites in healthy non-smoking females from Poland and Serbia.  Poster presentation, ECNIS postgraduate course in Gene-Environment Interactions. 11-17 June, 2006, Stockholm, Sweden
C. Lundin, G. Prochazka, A. Seidel, J. Gromadzinska, R. Antic, P. Vodicka and D. Segerbäck. PAH-DNA Adducts vs PAH Urinary Metabolites in Healthy Non-Smoking Women from Poland and Serbia. Oral and poster presentation at the annual meeting of NoE ECNIS, Maastricht, 25-28 February 2007.

K.Rydzynski, J.Gromadzinska, W. Sobala, J.Palus, A.Seidel, P.Vodicka, P.Soucek, A.Naccarati, W.Wasowicz, R.Nilsson. Modulation of DNA damage by genetic polymorphism of XME and DNA repair enzymes in humans exposed to PAHs in diet, XI International Congress of Toxicology, July 15-19, Montreal, Canada, 2007
6.2 Final plan for using and disseminating the knowledge

Section 2 – Dissemination of knowledge

The main strategy for the DIEPHY Consortium for using and disseminating knowledge consists in the publication of results in peer reviewed scientific journals as well as to present main achievements at international conferences.

Overview table

	Planned/actual

Dates 
	Type


	Type of audience
	Countries addressed
	Size of audience
	Partner responsible /involved
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	Publications
	Science
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	Distribution of health advisories
	General public
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