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Introduction 
As a result of the widespread and persistent occurrence of dioxin-like compounds in the 
environmeni, all individuals carry a measurable body burden of dioxins. The body of 
literature describing the human effecis of dioxin exposure supports the conclusion that the 
biochemical,physiological, and cl'mical response elicited by exposure lo dioxins is likely lo 
differ among individuals, even those wita similar body burdens. 

On a cellular level, the biochemical response lo TCDD is mediated by the AHR and 
the ARNT proteins, which togetaer modulate tae expression of a diverse array of genes 
including CYPlAl, CYP1A2, and CYPIBI (/). Since individual biological response to 
dioxin is mechanistically linked lo this signal ttansduction pathway, the AHR and ARNT 
and TCDD-inducible genes (i.e. CYPlAl and CYPIBI) may be useful as markers of 
responsiveness to dioxin. An integraled approach evaluating variables which conttibute to 
interindividual variation in response to dioxin will provide insight into tae health risks 
expected with current levels of exposure to dioxins. 

Materials and Methods 
Study populations. The German chemical workers in this smdy were employed al a chemical 
plant that produced organochlorine herbicides and pesticides (including 2,4,5-
irichlorophenoxyacelic acid) (2). Based on previous exposure assessment and 
epidemiological investigations, adverse health effects including chloracne, and increased 
mortality and cardiovascular disease have been noled in this highly exposed population (2-
5). Peripheral blood for lymphocyte isolation and dioxin analysis was obtained in 1992 for 
113 individuals from this cohort who participated in a medical examination al the University 
of Mainz. Included in this group arc individuals with expected low, medium, and high dioxin 
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exposure. The range of plasma TCDD concentration in taese individuals was I -600 ppt 
lipid and the lolal TEQ ofall PCDD/PCDF/PCB congeners ranged from 15-916 ppl lipid. 
The population of North Carolina volunteers consists of 44 apparently heallhy male and 
females locally recmiled in the Research Triangle Park, NC area in 1996. Each volunteer was 
asked lo donate a blood sample and complete a questionnaire lo evaluate overall health, 
curtenl medications or illness, smoking hislory, and olher possible exposures to dioxin-like 
compounds. ' 
Dioxin analysis. A panel of 8 polychlorinated dibenzo-p-dioxin (PCDD), 10 
polychlorinaled dibenzofuran (PCDF), and 4 polychlorinated biphenyi (PCB) congeners 
were quantified in frozen serum or plasma specimens by high resolution gas 
chromatography/mass spectrometry as described (6). The tolal dioxin toxic equivalence 
(TEQ) ofeach sample was calculated based on WHO/USEPA toxicity equivalency factors. 
In vitro culture of peripheral blood lymphocytes. Lymphocytes were isolated by Ficoll 
separation from freshly drawn heparinized venous blood and cryopreserved. Cryopreserved 
lymphocytes were cultured for three days in RPMI 1640 medium with the mitogens 
phytohemagglutinin (1.25 ug/ml)and pokeweed mitogen (0.15% vol/vol), and with 10 nM 
TCDD or vehicle conlrol. 
Assay of CYPlAl enzyme activity. CYPlAl-dependent conversion of ethoxyresomfin to 
resomfin (EROD activity) was performed essentially as described (7, 8). 
Quantilative analysis of mRNA levels by "competitive" RT-PCR. Constmction of 
recombinant RNA competitors and competitive RT-PCR were performed as previously 
described (9) with minor modifications (8). 

Results and Discussion 
Experimental approach for evaluation of dioxin biomarkers and responsiveness. Our 
integrated approach for the evaluation of dioxin biomarkers and responsiveness is shown in 
Fig.l. 

Population Data 
I.e. German chemical workers Clinical Disease 

CYPIAIIGSTMt genetic variants f 
Exposure Response 

serum PCDD/PCDF/PCB Peripheral blood lymphocytes 
AHR ARNT CYPI AI CYPIBI 

Fig. 1. Framework and experimental approach for integrated evaluation of biomarkers 
of susceptibility, exposure, and responsiveness to dioxins to investigate the inter
relationships belween dioxin exposure and disease. The markers measured in tae 
current studies which may influence dioxin responsiveness and hence be predictive of 
dioxin-associaied disease are indicated in italics. 
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Our previous studies using metaods developed for tae quantitative analysis of AHR, 
ARNT, CYPI A1, and CYPIBI in human peripheral blood lymphocytes showed that taese 
markers are expressed in a time- and milogen-dependenl manner (8). The broad objectives of 
our currenl studies are lo; 1) Investigate dioxin responsiveness, measured as in vitro TCDD-
inducibility of CYPlAl, in dioxin-exposed populations; 2) Examine factors which may 
contribute to individual variation in dioxin responsiveness, including prior dioxin exposure; 
and 3) Evaluate relationships between CYPlAl induction and different markers of dioxin 
responsiveness,e.g.CYPIBI induction. 

CYPlAl levels in German chemical plant workers. TCDD-inducible CYPlAl 
mRNA and associaled enzyme activity in cultured lymphocytes from 84 workers is shown 
in Table 1. The range of variation in CYPlAl mRNA and enzyme activity in the tolal group 
was 17-fold and 20-fold, respectively. When the workers were categorized based on quartile 
of plasma dioxin TEQ levels, there was no significanl differences between the groups due to 
the wide range of variation, which also did not differ among plasma dioxin category. There 
was however, a trend for increased mean and median TCDD-inducible CYPlAl mRNA in 
the high exposure categories. A similar pattern was not evident for CYPlAl enzyme 
activity. There was a weak but significant positive association between TCDD-induced 
levels of CYPlAl mRNA and enzyme activity (data nol shown). In univariate analysis, 
there was no apparent relationship between CYPlAl mRNA or enzyme activity and 
smoking status, age, or CYPlAl genotype. 

The reason for tae variation in TCDD-inducible CYPlAl levels in the German 
chemical workers is nol readily appareni. In similar stadies wilh a population with low level 
environmental exposure (North Carolina volimteers), tae combined effect of inlra-individual 
and experimental variability accounted for less dian 25% of the lotal variability in CYPlAl 
enzyme activity. Preliminary analysis of CYPlAl enzyme activity in the North Carolina 
volunteers also showed that CYPlAl activity was positively associated wita age, but not 
significantly associaled wilh gender, race, dietary consumption of fried meals, or curtent 
smoking statas. 

Although much is known regarding tae magnitude and range of dioxin exposure in 
humans, the lack of knowledge regarding potential human response to dioxin creates one 
source of uncertainty when attempting lo assess risks associated with dioxin exposure. The 
human individual variation in response lo dioxin, measured as in vitro CYPlAl mRNA or 
enzyme induction in this study, exceeds the slandard 10-fold safety faclor routinely used in 
risk assessment practices to account for human interindividual variation. Evaluation of 
dioxin responsiveness may identify highly responsive individuals al increased risk for dioxin-
associated disease. The success of such an approach dictates taat attempts be made to 
account for possible contributors to variation and also thai multiple responses should be 
examined to identify "sensitive" individuals. From tae data presented here, it is as yet 
unclear whetaer CYPlAl inducibilily is related lo altered susceptibility to dioxin-associated 
health effects (i.e. chloracne, cancer). 

The dioxin exposure of tae German chemical workers stadied here exceeds 
environmental exposures in the general population by 2-3 orders of magnitude. In contrast 
to this highly exposed population, tae variation of individual dioxin responsiveness may 
exceed the range of exposure in the general population. In tais case, the individual 
responsiveness to dioxin may be a more significant determinant of risk than the magnitude of 
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dioxin exposure. An understanding of die factors which contribute to this variation in 
responsiveness, then will allow an increased scientific basis for.and confidence in estimated 
risks associated wita dioxin exposure. 

Table 1. CYPlAl levels in German chemical workers by category of dioxin exposure" 

Number̂  
CYPlAl mRNA'' 

mean (SD) 
median 
max/min 

CYPlAl activity' 
mean (SD) 
median 
max/min 

lolal 
84 

10.8(7.1) 
8.9 
17.0 

2.7(1.4) 
2.4 
19.6 

plasma dioxin calegory (pg/g lipid tolal TEQ) * 
<56 
21 

8.4(5.5) 
8.2 
14.3 

2.5(1.1) 
2.4 
5.9 

56-118 
17 

11.8(8.9) 
8.2 
9.4 

3.3(1.9) 
2.6 
8.8 

119-230 
21 

11.6(7.6) 
10.0 
7.3 

2.5(1.5) 
2.2 
8.8 

231-916 

20 

11.8(6.2) 
11.8 
10.1 

2.8(1.0) 
2.7 
5.8 

"Values reflect levels measured in lymphocytes tteated in vitro with 10 nM TCDD 
'Categories correspond lo equal quartiles based on all samples wita dioxin analysis (n=97) 
"Only 79/84 individuals wilh CYPlAl values have plasma TEQ dala "Values are the ratio of 
CYPlAl/p-aclin mRNA (xlO"*) molecules/ug total RNA 'Values are pmoles resomfin 
formed/minule/mg lolal cellular proiein 

Acknowledgments 
We are indebted lo Xinping Yang, Karah Lanier, Vickie Walker, and Heather Vahdat for 
excelleni technical assistance critical to tae completion ofthis work. We also thank Richard 
Morris (Analytical Sciences, Inc.) for statistical consult and analysis. 

References 
1. Okey AB, Riddick DS and Harper PA; Toxicol. Lett. 1994, 70, 1. 
2. Manz A, Berger J, Dwyer JH, Flesch-Janys D, Nagel S and Waltsgott H; Lancet 1991, 

338, 959. 
3. Flesch-Janys D, Berger J, Gum P, Manz A, Nagel S, Waltsgou H and Dwyer JH; Am. J. 

Epidemiol. 1995. 142, 1165. 
4. Flesch-Janys D, Becher H, Gum P, Jung D, Konietzko J, Manz A and Papke O; J. 

Toxicol. Environ Health 1996, 47, 363. 
5. Jung D, Konietzko J, Reill Konietzko G, Muttray A, Zimmermann Holz HJ, Doss M, 

Beck H, Edier L and Kopp Schneider A; Arch Toxicol 1994, 68, 595. 
6. Patterson DG, Jr., Isaacs SG, Alexander LR, Tumer WE, Hampton L, Bernert JT and 

Needham LL; lARC Sci. Publ. 1991, 108, 299. 
7. Thompson CL, McCoy Z, Lambert JM, Andries MJ and Lucier GW; Cancer Res. 1989, 

49, 6503. 
8. Masten SA, Grassman JA, Yang X, Miller CR, Spencer DL, Lanier KM, Walker NJ, 

Jung D, Konietzko J, Edier L, Patterson DG, Needham LL and Lucier GW; 
Organohalogen Compounds 1997, 34, 80. 

9. Vanden Heuvel JP, Tyson FL and Bell DA; Biotechniques 1993, 14, 395. 

ORGANOHALOGEN COMPOUNDS 
16 Vol. 38(1998) 


