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Abstract

Several of the polychlorinated biphenyls (PCBs), i.e. the dioxin-like PCBs, are known to induce
the P450 enzymes CYP1AL, CYP1A2 and CYP1B1 by activating the aryl hydrocarbon receptor
(Ah)-receptor. We evaluated if circulating levels of PCBs in a population sample were related to
genetic variation in the genes encoding these CYPs. In the population-based Prospective
Investigation of the Vasculature in Uppsala Seniors (PIVUS) study (1016 subjects all aged 70), 21
SNPs in the CYP1A1, CYP1A2 and CYP1B1 genes were genotyped. Sixteen PCB congeners
were analysed by high-resolution chromatography coupled to high-resolution mass spectrometry
(HRGC/HRMS). Of the investigated relationships between SNPs in the CYP1A1, CYP1A2 and
CYP1B1 and six PCBs (congeners 118, 126, 156, 169, 170 and 206) that captures >80% of the
variation of all PCBs measured, only the relationship between CYP1A1 rs2470893 was
significantly related to PCB118 levels following strict adjustment for multiple testing (p=0.00011).
However, there were several additional SNPs in the CYP1A2 and CYP1B1 that showed nominally
significant associations with PCB118 levels (p-values in the 0.003-0.05 range). Further, several
SNPs in the CYP1B1 gene were related to both PCB156 and PCB206 with p-values in the 0.005—
0.05 range. Very few associations with p<0.05 were seen for PCB126, PCB169 or PCB170.
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Genetic variation in CYP1A1 was related to circulating PCB118 levels in the general elderly
population. Genetic variation in CYP1A2 and CYP1B1 might also be associated with other PCBs.
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1 Introduction

The cytochrome P450 superfamily (CYPs) includes a number of enzymes involved in the
metabolism of xenobiotics and endogenous steroid hormones. One important feature of
these enzymes is that the activity could be enhanced by high levels of the substrates,
initiating a more rapid metabolism of the substrates in order to inactivate the biological
action of the substrate. This is an important defence system against any deleterious actions
of xenaobiotics.

The polychlorinated biphenyls (PCBs) are a number of compounds heavily used in the
middle of the last century. Due to their toxic properties regarding reproductive problems
observed in animals, they were banned in the 70's and 80's in most high-income countries.
Since many of the PCBs are highly lipophilic and accumulate in adipose tissue their
estimated intrinsic human elimination half-lives are2—15 years (Ritter etal.,2011). Thus,
although the major routes of exposure no longer are present, the commonly used PCBs are
still measurable in the circulation in individuals, although they are gradually declining
(Knobeloch et al., 2009; Schade and Heinzow, 1998).

Activation of the aryl hydrocarbon receptor(Ah)-receptor (AHR) is a potent way to induce
the P450 enzymes CYP1A1, CYP1A2 and CYP1B1 (Poland etal.,1976,1989). The most
potent activator of AHR is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), but some co-planar,
non-ortho PCBs also act as agonists of this receptor (Hennig et al., 2002; Safe et al., 1985;
Shimada et al., 2002). Thus, it is likely that some PCBs could induce the enzyme activity of
the CYP1A1, CYP1A2 and CYP1B1 genes and thereby enhance their own metabolism. In
humans, CYP1A1 is mainly expressed in extra-hepatic cells, such as the lung and
lymphocytes, while the CYP1A2 enzyme mainly is found in the liver (Schweikl et al., 1993,;
Shimada et al.,1992). The CYP1B1 enzyme was identified more recently and CYP1B1 is
expressed in a large number of tissues, including the liver (Tang et al., 1996).

The associations between PCBs and P450 enzyme activities have only been studied in the
experimental setting, and several single nucleotide polymorphisms (SNPs) in the P450
system have been discovered to influence the activity of different enzymes (McGraw and
Waller, 2012). Therefore, we used data from the Prospective Investigation of the Vasculature
in Uppsala Seniors (PIVUS) study (Lind et al., 2005) to study if SNPs in genes encoding the
P450enzymes CYP1A1, CYP1A2 and CYP1B were related to circulating levels of PCBs in
men and women.
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2 Materials and methods

2.1 Subjects

Eligible subjects were all men and women aged 70 and lived in the community of Uppsala,
Sweden at enrolment between April 2001 and June 2004. The subjects were randomly
chosen from the national register of residence. A total of 2025 individuals were invited and
1016 subjects participated (participation rate of 50.1%) of which 50.2% were women.
Details of the PIVUS study have been presented (Lind et al., 2005). The study was approved
by the Ethics Committee of the University of Uppsala and all the participants gave their
informed consent prior to the study.

The study subjects were investigated in the morning between 8 and 10am after an overnight
fast. No medication or smoking was allowed after midnight. Blood samples were taken
through an arterial cannula inserted in the brachial artery. The blood samples for PCB
analyses were stored at -70°C until analysis while lipid variables were measured the same
day as blood was drawn. The lipid variables HDL-cholesterol and triglycerides were
measured on an Architect Ci8200 analyser (Abbott Laboratories, Abbott Park, Ill., USA).
The participants were asked to answer a questionnaire about their medical history, education
level, exercise habits, smoking habits and regular medication.

Approximately 10% of the cohort reported a history of coronary heart disease, 4% reported
stroke and 9% reported diabetes mellitus. Almost half the cohort reported some sort of
cardiovascular medication (45%), with antihypertensive medication being the most prevalent
(32%). Fifteen per cent reported use of statins, while insulin and oral antiglycemic drugs
were reported in 2 and 6%, respectively. Eleven per cent of the study subjects were current
smokers. Further details on regular drug intake, basic characteristics and cardiovascular risk
factors are presented elsewhere (Lind et al., 2005).

2.2 PCB analyses

PCBs were measured in stored serum samples collected at enrolment. Analyses of POPs
were performed using a Micromass Autospec Ultima (Waters, Milford, MA, USA) high-
resolution gas chromatography coupled to a high resolution mass spectrometry (HRGC/
HRMS) system based on the method by Sandau and co-workers with some modifications
(Sandau et al., 2003). A total of 16 polychlorinated biphenyls (PCBs) congeners were
evaluated. The evaluated PCBs were those where we found detectable levels in >90% of the
population. An established summation formula based on total serum cholesterol and serum
triglyceride concentrations was used to calculate the total amount of lipids in each plasma
sample (Rylander et al., 2006). Thereafter the wet-weight concentrations of the POPs were
divided by this estimation of lipids to obtain lipid-normalized values (i.e. POPs values given
in ng/g lipid) which was used in the analyses. Median values and interquartile ranges (IQR)
for the POPs are given in Tablel. A more detailed description of the POP analysis in this
sample has previously been presented (Salihovic et al., 2012).

We have previously found that levels of some low-chlorinated PCBs are highly correlated
forming a cluster, and a set of high-chlorinated PCBs are highly correlated forming another
cluster, while the PCBs 126 and PCB169 were not related to any of those clusters (Lampa et
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al., 2012). Therefore, we performed the statistical analysis of only 6PCBs that acted as
markers for the exposure, out of the 16 measured PCBs (the dioxin-like congeners 118, 126,
156, 169, and congeners 170 and 206) to reduce the risk of false positive findings due to
multiple testing. PCB118 represented the low-chlorinated cluster whereas PCBs 156, 170
and 206 represented the high-chlorinated cluster. The variation in the six selected PCBs
represents >80% of the variation in the total set of the 16 measured PCBs (Lampa et al.,
2012).

2.3 Genotyping

A total of 21 SNP in the CYP1A1, CYP1A2 and CYP1B genes were genotyped using the
Illumina Omni Express and a custom Illumina Golden Gate array at the SNP&SEQ
Technology Platform at Uppsala University (www.genotyping.se). Sample exclusion criteria
included: (1) genotype call rate <95%; (2) heterozygosity >3 standard deviations (SD); (3)
gender discordance; (4) duplicated samples; and (5) no identity-by-descent match. SNP
exclusion criteria included: (1) monomorphic SNPs; (2) Hardy—Weinberg equilibrium
(HWE) p-value <1x10°8; (3) genotype call rate <0.99 for SNPs with minor allele frequency
((MAF) <5%) or <0.95 for SNPs with MAF =5%.

The average call-rate per SNP was 99.06% (# of no calls: 47; # of calls: 4950). No SNPs
showed a HWE chi-squared >3.84, presenting no deviation from the HWE assumption, i.e.
that allele and genotype frequencies remain constant from generation to generation, and no
indication of genotyping errors. A 100% reproducibility was seen (0 duplicate conflicts in
119 duplicate tests), and a 100% consistent inheritance was found (0 inheritance conflicts in
30 inheritance tests).

Using the European 1000 Genomes genotypes as reference (population codes: CEU, FIN,
GBR, IBS, TSI), the gene regions for CYP1AL1 (of length 21.1kb), CYP1A2 (22.3 kb) and
CYP1B1 (23.7kb) contained 14, 31 and 61 SNPs with MAF >5% respectively. The SNPs
genotyped in this study could tag 7 of the 14 SNPs in CYP1AL, 15 of the 31 in CYP1A2 and
47 of the 61 SNPs in CYP1B1 at /2>0.8. All SNPs genotyped in the study were present in
the 1000 Genomes data.

2.4 Statistics

Non-normally distributed variables, i.e. the lipid-normalized PCBs, were transformed using
the natural logarithm before analysis. Relationships between the CYP SNPs and the 6 PCBs
were evaluated by linear regression analysis with a PCB congener as dependent variable
adjusting for gender. To evaluate any effect modification by gender, each model with
significant associations between SNP and a PCB were rerun including an interaction term
between gender and the SNP. Also, for significant associations between SNP and a PCB, the
models were rerun including (i) smoking as a confounder (ii) an interaction term between
smoking and SNP to evaluate whether results were robust regarding confounding and effect
modification. Each SNP was coded as 0, 1 or 2 copies of the minor allele assuming additive
allele effect. All combinations of SNP and PCB congeners were evaluated in separate multi-
variable models. Since 6x21 tests were performed, we adjusted the critical p-value
accordingly using the Bonferroni correction (0.05/126=0.000397). The use of this strict
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threshold, not taking into account the high correlations of some of the SNPs within the same
LD blocks which would warrant a more liberal threshold, was motivated by the lack of
suitable replication samples (see further in the discussion). STATA (version 11; StataCorp,
College Station, TX, USA) was used for calculations.

3 Results

Medians and IQR for the six investigated PCBs are given in Table 1. The PCB values are
lipid-normalized.

Of the investigated relationships between SNPs in the CYP1Al, CYP1A2 and CYP1B1
genes and the six PCBs, only the relationship between rs2470893 in the CYP1A1 and
circulating levels of PCB118 was significant following strict adjustment for multiple testing
(p=0.00011, Table 2). Details on the association between PCB118 and rs2470893 in the
CYP1AL1 gene are shown in Figure 1. The allele distribution for rs2470893 was very similar
between genders with the proportion of the number of copies of the minor allele being 44,
46 and 9% for women and 45, 44 and 11% for men. Inclusion of an interaction term between
gender and rs2470893 did not change any point estimates and the term was highly non-
significant (p=0.96). Evaluation of smoking as a confounder or effect modifier did not show
any influence of smoking on the association between PCB118 and rs2470893 as results were
stable with identical point estimates of both rs2470893 and gender up until the third decimal
when smoking was included as a confounder and a non-significant interaction term,
respectively (data not shown). In addition, many associations showed p-values in the 0.05—
0.003 range and it could be noted that also SNPs in the CYP1A2 and CYP1B1 genes
showed such associations versus PCB118 (Table 2).

It could also be noted that several SNPs in the CYP1B1 gene were related to both PCB156
and PCB 206 with p-values in the 0.05-0.005 range. Very few associations with p<0.05 were
seen for PCB126, PCB169 or PCB170 (Tables 2 and 3).

4 Discussion

4.1 Main findings

The present study showed that a SNP in the CYP1AL gene was significantly related to the
circulating concentration of PCB118. In addition, there were several additional SNPs in the
CYP1A2 and CYP1BL1 genes that showed nominally significant associations with PCB118
levels (p-values in the 0.003-0.05 range). Furthermore, several SNPs in the CYP1B1 gene
were related to both PCB156 and PCB 206 levels with p-values in the 0.05-0.005 range,
being non-significant following multiple comparisons. Very few associations with p<0.05
were seen for PCB126, PCB169 or PCB170 concentrations.

4.2 Comparisons with the literature

The cytochrome P450 CYP1A1, CYP1A2 and CYP1BL1 are xenobiotic metabolising
enzymes playing an important role in e.g. the detoxification of xenobiotics such as PCBs
(Nebert and Dalton, 2006). CYP1AL1 has been suggested as a leading genetic candidate that
may influence susceptibility to PCBs (Laden et al., 2002). Different alleles may give rise to

Environ Res. Author manuscript; available in PMC 2017 August 18.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Lind et al.

Page 6

different proteins which may affect the function of the produced enzyme and alter the
carriers phenotype (Kumar et al., 2009). To the best of our knowledge, this is one of the first
studies in which circulating levels of PCBs have been related to variation in the CYP1A1,
CYP1A2 and CYP1B1 genes in humans. Previous experimental studies have suggested that
PCBs could induce enzyme activities in these genes (Roy et al., 2011; Yamazaki et al.,
2011), possibly by activation of the AHR (Hennig et al.,2002; Safe etal., 1985; Shimada et
al., 2002). However, other studies have failed to see an association between the allele
frequency for SNPs in CYP1A1 and CYP1B1 and any effects on expression or activation of
the corresponding enzymes although this might be due to small sample sizes (van Duursen et
al., 2005). Significant difference in serum PCB153 levels according to CYP1A1
polymorphism in rs1048943 and in CYP1B1 rs1056836 has been reported in Inuits (Ghisari
et al., 2013) which was not repeated for those SNPs in this study. CYP1A1 is known to be
polymorphic and several SNPs has been identified of which two common SNPs have been
found to be functionally significant; rs4646903 and the missense rs1048943 (Fang et al.,
2014). However, these two SNPs are in low linkage disequilibrium (LD) with the top SNP of
this study, rs2470893 (2=0.05 and 2=0.02, respectively). In addition, the CYP1A1 gene has
been associated with diastolic and systolic blood pressure with rs1378942 as the top SNP
(International Consortium for Blood Pressure Genome-Wide Association et al., 2011;
Newton-Cheh et al., 2009). This SNP which has low LD with our top SNP(2=0.16), was
also investigated in this study with no detected association with the PCB levels. There is
scarce information available on the SNP rs2470893. However, it is a synonymous (silent)
variant (i.e. believed to not affect protein sequence) located between CYP1AL and CYP1A2
and it has been associated with coffee consumption in two recent prior genome-wide
association studies (Amin et al., 2012; Cornelis et al., 2011). This SNP has been found to be
in strong LD with another SNP, rs2472297, in the same region (Amin et al., 2012), although
the magnitude of the LD may vary between populations (Josse et al., 2012). Further, this
SNP is in LD with several other SNPs (rs35107470, rs12910558 and rs12910841, 2=0.44—
0.53) of which rs12919841 is located in an intron. Traditionally, non-synonymous single
nucleotide polymorphism occurring in a coding gene has been considered the explanation to
the production of a different protein and altering of the phenotype of the host organism
(Kumar et al., 2009). However, there is growing evidence that synonymous single nucleotide
variants affect protein splicing, expression and function (Edwards et al., 2012; Sauna and
Kimchi-Sarfaty, 2011), and some of these variants contribute to disease, for example cancer,
diabetes and liver disease (Sauna and Kimchi-Sarfaty, 2011). Therefore, additional studies
are needed to replicate the findings of this study and to investigate the role of synonymous
variants in general and rs2470893 in particular, on genetic function and physiological/
biological consequences.

Tobacco smoking is a known inducer of CYP1AL enzyme (Hakkola et al., 1997) and has
been reported as the major effect modifier when evaluating the relationship between the
assessed CYP1AL1 activity in the placenta and PCB153 (Pereg et al., 2002). However, we did
not see any influence of tobacco smoking on the relationship between the main SNP and
PCB118 when adding smoking status as a confounder or including an interaction term in the
model (data not shown). This discrepancy may be explained by the different tissues being
examined in the different studies and the different age groups of study subjects.
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4.3 Strengths and limitations of the study design

The major strength of the study is the large number of subjects with measurements of PCBs
at the same age, which increases the likelihood to disclose true relationships.

In the ideal study on the topic of the role of CYP induction on the metabolism of a
xenobiotic, such as PCB118, a fixed dose of the compound should be given at a certain time
point and the circulating concentrations of the compounds should be evaluated thereafter in a
standardized fashion. This is obviously not the case in the present study. Therefore, the
associations of the concentrations of the different PCBs and the different SNPs are highly
dependent on the amount and timing of the exposure to the PCBs in relation to the
measurement of the compound. The consequence of this is that an epidemiological study
like this, with limited information on the amount and timing of the exposure, could never
rule out an association of a compound and a SNP in a P450 enzyme. Only the identified
associations could be taken as evidence that a certain P450 enzyme is of importance for the
metabolism of that particular compound.

There was an indication of an association between several SNPs in the CYP1B1 gene and
PCB156 and PCB 206 with p-values in the 0.05-0.005 range, however, the p-values were
below the Bonferroni-adjusted level of statistical significance (p<0.000397). Thus, it cannot
be concluded from the present study if these relationships represent valid relationships.
Since we are not aware of any other population-based studies with PCB measurements and
DNA, we cannot replicate the present findings in an independent cohort. Hence, we
acknowledge the lack of replication as an important limitation, but believe that the study still
is worthwhile due to the high a priori probability for involvement of CYPs in the metabolism
of POPs.

4.4 AHR binding affinity and CYP induction

There is strong evidence that the induction of CYP1A1 gene is mediated through the AHR
receptor (Nebert and Jones, 1989). According to previous experimental studies (Hennig et
al., 2002; Safe et al.,1985; Shimada et al., 2002), it would be suspected that PCBs with a
high affinity to the AHR (i.e. the dioxin-like PCBs), like PCB126 and PCB169, would show
the closest relationship versus any functional SNP in the CYP1A1, CYP1A2 and CYP1B1
genes. This was however not the case, and PCB118 is only a rather weak agonist to the AHR
(Hestermann et al., 2000). PCB118 is one of the most significant congeners in humans in
terms of prevalence and magnitude of concentration (Kang et al.,2008; Rudge et al., 2012)
and as such may act as a marker for all mono-ortho coplanar PCBs (i.e. PCBs 105, 118, 156,
157 and 189). However, for this study, two congeners were selected to act as markers for this
group (PCB118 and PCB156) based on the known covariation of the different PCBs in this
study population (Lampa et al., 2012). It has also been suggested that PCB118 may be used
as marker for PCBs 105and 126, and PCB153 as marker for PCBs 156, 157, 167 and 169
(van den Berg et al., 1995). However, this recommendation would not be appropriate in the
present study with a different covariation pattern (Lampa et al., 2012). In this study the
PCB118 levels were the second highest and considerably higher than the PCB126 levels.
Low concentration of a PCB may reduce the possibility to observe any relationship due to
smaller variation in the PCB concentrations, unless sample sizes are very large. The reasons
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described above regarding the timing and amount of exposure might explain the lack of
relationships for the more potent AHR activators PCBs 126 and169.

5 Conclusions

Genetic variation in the CYP1A1 gene was related to circulating PCB118 levels in the
general elderly population. Genetic variation in CYP1A2 and CYP1B1 might be associated
with other PCBs.
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Figure 1.
Levels of polychlorinated biphenyl (PCB) 118 in the SNP CYP1AL1 rs2470893 genotypes.

Medians and interquartile range for PCB118 levels in the different genotypes for rs2470893
in the CYP1AL1 gene (n=424 for C/C, n=426 for T/C and n=97 for T/T, p=0.00011 for
relationship between the genotype and PCB118 levels).
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Table 1

Distribution of the polychlorinated biphenyls (PCBs).

Variable N Mean (SD) Median (25" and 75 per centile)
PCB126 982 8.4 (7.5) 6.2 (3.3, 10.8)

PCB169 982 27.7(11.3) 26(20.1,34.2)

PCB118 987 34.1(20.1) 30 (216, 417)

PCB156 988 24.9(9.7)  23.6(18.2, 29.9)

PCB170 988 80(31.3)  74.8(59.6, 96.3)

PCB206 988 4.4(L9)  4.2(3.1,54)

Mean and SD as well as median and 25th and 75th percentile are given for the investigated PCBs (ng/g lipid), since the persistent organic

pollutants are skewed towards high levels.

Environ Res. Author manuscript; available in PMC 2017 August 18.

Page 12



Page 13

Lind et al.

‘Rouanbauy a[a|[e JoulN =4V ‘SIsA[eur a10jaq pazifewiou-pidi uay) pue wyLebo| feinyeu ay) Buisn pawiIosuel) a1am s|ans] g§0d
"S|apow uoissalBal teaur| ur (180) 1UaI01)J902 UoIssalbal ayl se uaAIb 95T Dd PUB 92T9Dd ‘8TTEDd 10 S|aAs] Bunenolio pue saush T9TdAD PUB ‘ZVTdAD ‘TVIdAD aYl Ul SINS usamiaq sdiysuonejay

G800°0 (680°0 '€T0°0) 1S0°0 vT°0 (ST°0 'T20°0-) £90°0 6.0 (8500 'G¥0'0-) 89000  TE'0 89ESLTIOTS!
160  (#v0°0 ‘'050°0-) 92000~ 0.0 (€T°0'280°0-) 200 82000 (97°0'€€0'0) 9600 LT0 GG5Z9TS!
7600 (9€00°0- 'SL0°0-) 6£0°0- 1500 (22000 '9T°'0-) 080°0- 05000  (T20°0- '2T'0-) 8900-  8¥'0 955¢9Ts!
25000 (2600 '9T0°0) ¥50°0 ST0 (ST°0 '€20°0-) 990°0 G0 (6500 ‘€#0'0-) 28000  TE0  OEKIYIYSI
9’0 (£20°0 '090°0-) L10°0- 290 (9200 '€T0-) 920°0- 80 (¢e0'0'980°0-) L200- 020 T9G¢9Ts!
1600  (S500°0 '290°0-) TEO0- 1.0 (2900 '660°0-) 9700~ A4 (6900 '620'0-) 0200 2’0  9E89SOTSI
180  (T¥0°0 ‘250°0-) 8500°0- 1€'0  (150°0 ‘9T°0-) 950°0— 120 (£20'0'0T'0-) 9€0°0-  8T'0  O¥¥008TS!
8900 (82000 '6.0°0-) 8800~ 81’0 (€00 '9T°0-) ¥90°0- 820  (S20'0'980°0-) 0€00-  +20 29G¢9Ts!
€€0 (€7°0 '9v0°0-) 9v0°0 9g°0 (T€°0 '1T°0-) 860°0 8€0 (8T°0'690°0-) G500 €00  992T¥ERS!
G200 (S500°0- ‘080°0-) EV0'0- 1€0  (T70°0 ‘€T°0-) £V0°0— 600 (¥¥00°0 'v60°0-) G¥0'0-  GEO 8.0€9Ts!
¥100 (T80°0 '¥600°0) 5700 82°0 (€70 ‘2€0°0-) 5¥0'0 1.0 (6€0°0',50°0-) 6000~  Zv'0  SBTLGTTSI
T9TdAD
280 (€7°0‘21°0-) 8T0°0— 8.0 (6€'0 '62°0-) 800 €80 (87'0'22°0-) 2200~  TO'0  802CL69TS!
70 (8v0°0 ‘TT'0-) 2800~ Ly'0 (Sz'0'TT°0-) £90°0 6.0 (z1'0'600-) ¥T00 SO0  ¥BYEVLES
16'0 (6£0°0 'G€0°0-) 2200°0 2T (ST'02T0°0-) 990°0 1900  (S60°0 'T200°0-) L¥O'O  €€0  LYTYSSTTSI
€50 (920°0 '150°0-) 2100~ ¥90'0  (LT°0 ‘6¥00°0-) ¥80°0 200 (0T°0'€¥00'0-) 8700  ¥€0  ¥0ETLYes
7.0 (8v0°0 '¥€0°0-) 8900°0 ST0 (970 '520°0-) 690°0 6v00 (TT'0 '2¥000°0) 9500 220  6622LYECS
ZVTdAD
8€0 (120°0 '950°0-) LT0'0- 120 (2€0°0 '¥1°0-) 950'0-  TTO00'0 (TS0°0- 'ST'0-) 0T'0-  €€0  €680.¥¢s!
170 (8200 '€80'0-) €20°0— zro (52'0 '820'0-) TT'0 L0 (¥60'0 '690°0-) 2T00  OT'0  TZyor9ys!
170 (£10°0'9T°0-) TLO'0- €e'0 (oT°0 '0£°0-) 0T'0- 9g'0 (€900 '£T'0-) 9500-  ¥0'0  ¥I866.TS
770 (250°0 ‘€T°0-) L€£0°0- €10 (8€'0 '8v0°0-) LT'0 98°0 (#T°'0'TT'0-) TT00 €00 EV68YOTS!
020 (870°0 '980'0-) ¥€0°0- S50 (970 '€80°0-) L80°0 160  (y20°0°'990°0-) 6€000  ¥T'0  TZTS6V9S!
TVTdAD

anfeA-d (1D %s6)elg  anfead (1D %G6)elPG  OnfeA-d (1D %S6) elPd
95T90d 92190d 81190d d4VI dNS

'9GT pue 92T ‘8TT (sad) siAuaydiq pareuriojyokjod pue sdNS usamiaq sdiysuolie|ay
¢ 9lqel

® Europe PMC Funders Author Manuscripts ® Europe PMC Funders Author Manuscripts

Environ Res. Author manuscript; available in PMC 2017 August 18.



Page 14

‘Aouanbaly aa)e JoulN =4V IN
"S|apouw uolssaifias Jeaul| ui (e18q) Jus19144809 UOISSaIBal sy} se usAlb 90zgDd Pue 02T9Dd ‘69T9Dd 40 S|8As] Buile|nauld pue sauab TGTAD PUE ‘ZWTdAD ‘TVIAAD aUl Ul SANS Usamiaq sdiysuoire|ay

Lind et al.

G900°0 (01°0'210°0) 650°0 9900 (690°0 'T200°0-) €£€0°0 ¥Z'0 (6900 '8T0°0-) 9200 TE€0  89ESLTOTS!
8v'0 (2200 '€€0°0-) 6100 8L°0 (0500 ‘8€0°0-) 29000 060 (0500 '2G0°0-) G000~  LTO  GSSC9TS!
69000 (STO'0- '¥60°0-) SG0°0- 1€00  (¥€00°0- '0L0°0-) 9€0°0- 0T'0 (¥900°0 'SL0°0-) ¥€0'0-  8%'0 955¢9Ts!
L1000 (0T°0 '20°0) 850°0 Ly0'0 (T£0°0 'TS000°0) 9€0°0 vE0 (¥90°0 ‘'220°0-) 200 TE€0  OEY9VIYsI
110 (2600°0 '680°0-) O¥0'0- 9’0 (9200 '950°0-) 5100~ 180 (V700 '950°0-) 29000~ 20 T9G¢9Ts!
110  (T200°0 '720°0-) €E€0°0- 610 (TT0°0 '950°0-) £20°0- 6.0 (9€0°0 'L¥0°0-) 95000-  ¢v'0  9€89S0TS!
6v'0  (¥€0°0 ‘'0L0°0-) 8T0'0- 0.0  (S€0°0 '250°0-) £800°0- 98'0 (8r0°0 '850°0-) L¥00'0-  8T'0  O¥¥008TS!
9900 (82000 ‘680°0-) €700~ 110 (29000 20°0-) 2€0°0- 8r'0 (0800 '¥90°0-) LTO0-  +20 29G¢9Ts!
G660 (0T°0 'TT°0-) 0£00°0- 290 (TT°0 '¥90°0-) 2200 180 (TT°'0'960°0-) 98000 €00  99ZTHEESI
68000  (¥70°0- '£60°0-) G500 0500  (T0000°0 '020°0-) G€0'0- €€0 (T20°0'90°0-) T200-  S€0 8.0€9Ts!
G200 (2800 '6500°0) 9¥0°0 2L00 (5900 *2200°0-) T€0'0 ov'0 (850°0 '€20°0-) LTO0  2¥'0  GBTLSTTS!
T9TdAD
¥S'0 (¢1'0 '22°0-) ¥50'0— 160 (¥1°0 'ST°0-) 5200°0- ¥6°0 (97°0'8T°0-) ¥900'0-  TO'0  80ZZ.69TS!
160 (160°0 ‘280°0-) L1000 960 (L20°0 ‘€£0°0-) 02000 €60 (980°0 ‘'€60°0-) 8E00'0- SO0  ¥BYEV.LESI
910 (0£0°0 'TT0°0-) 0£0°0 2L (T¥0°0 '820°0-) ¥900°0 180  (9v0°0'9€0°0-) 25000  €€°0  L¥THSBTITS
150 (850°0 '620°0-) ¥10°0 €50 (520°0 '8¥0°0-) 2T0°0- €e'0  (220'0'9900-) 2200-  ¥E0  vOEZLYES!
1600  (S80°0 'TL00°0-) 6€0°0 TL0 (9%0°0 ‘T€0°0-) 2000 680 (yv0°0'0S0°0-) 2€00'0- 20  662TLYECS
T9TdAD
1€'0 (1200 'G90°0-) 220°0- 690  (820°0 '¥¥0°0-) £800°0- 26'0 (1700 '9v0'0-) 2200'0-  €€0  €680.YTS!
170 (ev0°0 '60°0-) 5200~ €€°0 (6200 ‘¥80°0-) 8200~ 00 (¢e0'0 'TT'0-) L80°0- T0  TZyoroysi
99°0 (920°0 '2T°0-) 220°0- L9°0 (¥90°0 '0T'0-) 810°0- €80 (TT'0'680°0-) TTI00  ¥0'0  ¥T866.TS!
280 (2600 '2T°0-)2T0°0- 8.0 (01'0'5L0°0-) 2T0°0 1.0 (€T°0'980°0-) 200 €00  EV68YOTS!
w0  (v€0°0 '€80°0-) ¥200- 620 (€200 '520°0-) 920°0- evo (5800 '¥80°0-) ¥200-  ¥T'O  TZTS6V9S
TVTdAD

anfeA-d (I0%se)erPE  BnfeAd (1ID%S6)ered  @nfeAd (1D%6) elPg
90290d 0.190d 69T90d 4V dNS

'90Z pue 0T ‘69T (s@Dd) siAuaydiq pareuriojyokjod pue sdNS usamiaq sdiysuolie|sy

€ 9lqeL

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

Environ Res. Author manuscript; available in PMC 2017 August 18.



	Abstract
	Introduction
	Materials and methods
	Subjects
	PCB analyses
	Genotyping
	Statistics

	Results
	Discussion
	Main findings
	Comparisons with the literature
	Strengths and limitations of the study design
	AHR binding affinity and CYP induction

	Conclusions
	References
	Figure 1
	Table 1
	Table 2
	Table 3

