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1. Introduction

ABSTRACT

Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs), considered as endocrine dis-
ruptors, tend to accumulate in fatty tissues. Dioxin-responsive element chemical activated luciferase
gene expression assay (DRE-luciferase assay) has been recognized as a semi-quantitative method for
screening dioxins for its fast and low-cost as compared with HRGC/HRMS. However, some problems
with the bioassay, including specificity, detection variation resulted from different cleanup strategies,
and uncertainty of false-negative or false-positive results, remain to be overcome. Cadmium is a preva-
lent environmental contaminant around the world. This study was aimed to examine the effects of
cadmium on the 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-induced activation of aryl hydrocarbon
receptor (AhR)-mediated gene expression in human hepatoma cells (Huh7-DRE-Luc cells and Huh7 cells).
Ethoxyresorufin-O-deethylase (EROD) and DRE-luciferase assay were employed to determine the enzyme
activity of cytochrome P450 1A1 (CYP1A1) and activation of AhR, respectively. The results showed that
Cd?* levels significantly inhibited the induction of TCDD-induced CYP1A1 and DRE luciferase activation
in hepatoma cells. The 50% inhibited concentrations (ICsq) of CdCl, were 0.414 M (95% confidence inter-
val (C.I.): 0.230-0.602 wM) in Huh7-DRE-Luc cells and 23.2 uM (95% C.I.: 21.7-25.4 uM) in Huh7 cells.
Accordingly, prevention of interference with non-dioxin-like compounds in a DRE-luciferase assay is of
great importance in an extensive cleanup procedure.

© 2009 Elsevier B.V. All rights reserved.

like compounds by cytochrome P450 1A1 (CYP1A1) enzyme activity
in an ethoxyresorufin-O-deethylase (EROD) bioassay and chemical

Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans
(PCDFs) are chlorinated aromatic compounds that are currently
considered as endocrine disruptors [1]. Dioxins accumulate mainly
in fatty tissues due to their high lipophilicity, long biological half-
lives, and high resistance to biodegradation. General population
exposure to PCDD/DFs can induce several adverse health effects,
including reproductive [2], hormonal [3], and immunological [4]
effects and cancer [5]. Measurements of these dioxin and dioxin-
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activated luciferase expression (CALUX) bioassay were extensively
applied [6]. TCDD is the most toxic compounds in all 210 PCDD/Fs.
PCDD/Fs toxicity are always expressed as TEQ. TEQ = "cong; x TEF;,
2,3,7,8-TCDD has the highest TEF. Most studies used TCDD as
cotreatment target.

The dioxin-responsive element chemical activated luciferase
gene expression (DRE-CALUX) assay is recognized as a semi-
quantitative method for screening dioxins. The DRE-CALUX
bioassay is an in vitro system utilizing dioxin toxicity in gene
expression to determine dioxins/PCBs toxic equivalency (TEQ) lev-
els presented as CALUX-TEQ values [6]. The DRE-CALUX bioassay
uses the expression of the firefly luciferase gene induced by dioxin-
like compounds binding with the aryl hydrocarbon receptor (AhR)
in a genetically recombinant rat/mouse hepatoma cell [7]. This
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dioxin bioassay has been widely used to detect CALUX-TEQ levels
in various matrices, such as fish [8], breast milk [9], sediments [10],
and water effluents [11]. A high correlation coefficient (r=0.91) was
found between CALUX-TEQ and dioxin-World Health Organization
(WHO)-TEQ levels in retail fish [8]. Compared to a high-resolution
gas chromatograph equipped with a high resolution mass detec-
tor (HRGC/HRMS), the DRE-CALUX bioassay has the advantages of
shorter time requirement and lower cost. In addition, the DRE-
CALUX bioassay may be a good screening method for dioxin
surveillance.

The systems of DRE-CALUX are established in the recombi-
nant mouse (Xenobiotic Detection System, Inc.) or rat hepatoma
(BioDetection System b. v.) cells. In our previous study [12], we
set up a stable system of a DRE-driven luciferase reporter gene in
genetically modified human hepatoma cells (Huh7-DRE-Luc cells).
It has been reported that a non-aryl hydrocarbon receptor (AhR)
ligand, such as arsenic [12] or arecoline [13], interferes with TCDD-
induced luciferase activationin Huh7-DRE-Luc cells. It has also been
reported that sodium arsenite, cadmium chloride, and chromium
trioxide could induce luciferase activities in Hepa 1c1c7 cells tran-
siently transfected with a xenobiotic-responsive element-driven
luciferase reporter gene [14]. Furthermore, the analytical results
of the DRE-CALUX bioassay are probably correlated with extensive
cleanup procedures due to the absence of spiked internal standards
and the contaminants, particularly for unknown AhR agonists and
antagonists, in solvents and samples [15]. The DRE-CALUX bioas-
say may require further improvement for application in various
matrices and field surveillance.

The dioxin-induced cytochrome P450 1A1 (CYP1A1) enzyme
activity in an EROD bioassay and DRE-CALUX has been widely
applied in various samples [16]. The induction fold, limit of detec-
tion, and limit of quantification were found to be similar for the
DRE-CALUX and EROD bioassays by testing several dioxins and
dioxin-like compounds in two rat hepatoma H4II cell lines [16].
Several studies have reported that metals (i.e. cadmium) can mod-
ify CYPs functions [17]. There was a significant dose-dependent
induction of CYP1A1 in the hepatoma (HepG2) cell lines caused by
Cd?* in concentrations from 1.25 to 15 uM [18]. Elbekai and El-Kadi
[17] co-administered Cd%* with AhR ligand to inhibit the induction
of CYP1A1 activation and to increase its mRNA levels and protein
expression in Hepa 1c1c7 cells.

In previous studies, Chen et al. [19] found high amounts of Cd
in the sediment by calculating its enrichment factors (EFs) ranged
from 3.0to 36.1. Liao et al. [20] investigated the metal distribution in
the Nanjing area and found that the EF of Cd was 1.51. These results
show that Cd is a prevalent environmental contaminant. It is also
commonly found in high levels in ground water [21] and in the male
population with a smoking habit in Taiwan [22]. The findings of our
previous study showed that sodium arsenite (As3*) inhibited the
induction of CYP1A1 by 2,3,7,8-TCDD in both human hepatoma cells
(Huh7) and recombinant Huh7-DRE-Luc cells [12]. The study sug-
gested that extensive cleanup prevents any possible interference
and guarantees the accuracy of the Huh7-DRE-Luc bioassay [12]. In
this study, we examined the inhibitory effect of cadmium cations
on the activation of Huh7-DRE-Luc and CYP1A1 enzyme activity in
human hepatoma cell (Huh7) lines to further understand how cad-
mium influences the response of the Huh7 cell line while applying
it in Cd-PCDD/Fs co-contaminated environmental samples.

2. Methods and materials
2.1. Materials and reagents
Cadmium chloride and 2,3,7,8-TCDD were purchased from Fluka

Chemie GmbH (Buchs, Switzerland). Ethoxyresorufin, resorufin,
salicylamide, and dimethyl sulfoxide (DMSO) were purchased from

Sigma-Aldrich (St. Louis, MO, USA). 3-(4,5-Dimethyl-2-thiazolyl)-
2,5-diphenyl-2H tetrazolium bromide (MTT) was obtained from
Calbiochem (San Diego, CA, USA). The 4xDRE-TATA-Luc plasmid
was constructed by cloning four copies of DRE of human CYP1A1
(DREs: —499, —895, —983, and —1056) [23] prior to a TATA box and
a firefly luciferase gene. The human hepatoma cell line Huh7 and
the pSUPER-EGFP-neo’ vector carrying EGFP with neo’ genes were
respectively provided by Dr. Chiung-Tong Chen and Dr. Chi-Ying F.
Huang (National Health Research Institutes, Taiwan). Quantifica-
tion of protein concentration was determined using the Bradford
method (BioRad, Hercules, CA, USA) [24].

2.2. Measurements of luciferase activation in recombinant
Huh?7-DRE-Luc cells

Stable transfection followed a previously described [7] proce-
dure with slight modifications. Stable and available Huh7-DRE-Luc
cells were established as described in detail in our previous report
[12]. In brief, Huh7 cells seeded in 60 mm dishes were transfected
with a reporter vector (4xDRE-TATA-Luc) and a selection vector
(pSUPER-EGFP-neo), respectively. After 2 days of growth in a nonse-
lective medium, the transfected cells were re-plated into a selection
medium containing 800 and 200 pg/ml G418 for 1 week and 1
month, respectively. The Huh7-DRE-Luc cell clone was selected for
the best inducible activations of DRE-luciferase activity by 2,3,7,8-
TCDD from 45 individual clones (35 Huh7 and 10 HepG2 clones).
The clones were continuously incubated for 14 months with stable
DRE-luciferase activity.

The analytical method of the DRE luciferase bioassay was
described in detail previously [12]. For analysis of the cadmium
effect on TCDD-induced DRE luciferase activation, the cells were
treated with 10nM 2,3,7,8-TCDD for 24 h in various cadmium chlo-
ride concentrations (1, 5, and 25 wM). After treatments, cell lysates
were collected in 0.2 ml of reporter lysis buffer (0.1 KH,PO4, pH
7.9, 0.5% Triton X-100, and 1 mM DTT) and then frozen-thawed at
least three times to assure complete cell lysis. Luciferase activities
from Huh7-DRE-Luc cells were measured using the Luciferase Assay
System (Promega, Madison, WI, USA) with relative light units of
(RLU)/ g protein.

2.3. Cell viability assay

For the cytotoxicity tests, Huh7 cells were seeded in a 96-well
plate at a density of 4 x 104/well and cultured in DMEM (Dul-
becco’s modified Eagle’s medium) for 24 h. The Huh7 cells were
then treated with Cd?* (1.0, 5.0, and 25 uM) for another 24h or
left untreated. Cell viability was determined using the MTT assay,
following a previously described procedure [25].

2.4. CYP1A1 activity determined using the EROD assay

The EROD bioassay with human hepatoma Huh7 cells was per-
formed as described in Ref. [26]. Huh7 cells were seeded into
24-well cell culture plates up to a density of 90% confluence in the
medium. Cells were treated for 24 h with 10nM 2,3,7,8-TCDD and
Cd?* (1.0, 5.0, and 25 wM) or with just 10nM 2,3,7,8-TCDD. After
treatment, the medium was removed and the well was washed
twice with fresh medium at the end of the incubation. EROD activity
was determined as described in Ref. [27] using 5 uM of ethoxyre-
sorufin in DMEM medium as the substrate of the CYP1A1 enzyme
with 1.5 mM of salicylamide to inhibit enzyme conjugation. After
an incubation of 30 min at 37 °C, fluorescence was measured using
a Fluoroskan multi-well fluorescence plate reader (Labsystems).
Resorufin standard curves were used to convert fluorescence to
p moles of resorufin formed. The CYP1A1 activity was defined as
resorufin formation (in p moles) per 100 min of reaction time (p
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Table 1
Inhibitory effect of cadmium on TCDD-induced luciferase activation in Huh7-DRE-Luc cells (RLU/jLg protein).
Cadmium chloride concentration oM 1M 5uM 25 uM p-Value? p-Value®
10 nM TCDD +Cd?* (n=9)
Mean 2820 759 70.7 53.5 <0.001 <0.001
95% C.L.¢ 1550-4080 551-967 42.8-98.6 41.6-65.3 - -
p-Valued - <0.001 <0.001 <0.001 - -
p-Value® <0.001 <0.001 0.500 0.690 - -
Base level (n=9)f
Mean + SE 50.7
95% C.I. 43.1-58.4 - -

2 ANOVA tests.
b Jonkheere-Terpstra tests.
¢ 95 C.I. means 95% of confidence interval.

4 Mann-Whiney U-tests comparing the untreated control to the cotreatment of Cd?* and TCDD.
¢ The significant differences in luciferase activities between the cotreatment and the base level were examined using Moses extreme reaction tests.
f There were no significant differences in luciferase activities between the base level and Cd?* alone (n=3).

moles resorufin/100 min). Additionally, quantification of protein
concentration was determined using the Bradford method (BioRad,
Hercules, CA, USA) [24].

2.5. Statistics

Each experiment was performed at least three times. The sta-
tistical analysis was expressed using the mean + standard error
(SE) from each independent experiment. To avoid statistical bias,
analysis of variance (ANOVA) tests and nonparametric tests with
Jonkheere-Terpstra and Mann-Whiney U-tests were used to exam-
ine the differences between the untreated controls and the
chemically treated samples. We also used Moses extreme reac-
tion tests to compare the responses of using Cd2* alone with those
of using the cotreatment of Cd%* and 10nM TCDD. ICsq is the
concentration of Cd%* that causes 50% inhibition of TCDD-specific
activation in comparison to control by the Probit model. Analyses
were carried out using the Statistical Package for Social Sciences
(SPSS) version 15.0 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Effects of cadmium chloride on DRE luciferase induction by
2,3,7,8-TCDD

Following our previous study [12], we treated Huh7-DRE-Luc
cells with increasing 2,3,7,8-TCDD concentrations for 24 h, reveal-
ing a dose-response induction of DRE-luciferase activities by TCDD.
A semi-logarithmic dose-response curve was exhibited by the
Huh7-DRE-Luc cells after treatments of 2,3,7,8-TCDD from 0.01
to 10,000 pM (data not shown). 10nM TCDD was chosen as sim-
ulating the situation of seriously PCDD/Fs polluted area because
the metal pollution was always coexisted in serious PCDD/Fs pol-
luted area in Taiwan. Huh7-DRE-Luc cells were treated with 10 nM
2,3,7,8-TCDD in the presence of different cadmium chloride concen-
trations in order to evaluate the Cd2* effects on luciferase induction
by 2,3,7,8-TCDD. The Cd2* treatment significantly attenuated the
TCDD-induced luciferase activation in a dose-dependent manner
(Fig. 1). IC5p of Cd?* was predicted to be 0.414 uM (95% con-
fidence interval (C.L): 0.230-0.602 M). The inhibited effects of
cadmium on TCDD-induced activation in Huh7-DRE-Luc cells are
showninTable 1. Cd2?* >1 M significantly inhibited TCDD-induced
luciferase enzyme activities (p<0.001). Compared to base levels,
significant differences were found between luciferase activation
(RLU/pg protein) in 10nM TCDD alone (p<0.001) and that after
the cotreatment of 10nM TCDD and 1M Cd?* (p<0.001). The

luciferase activities in the presence of 5 (p=0.500) and 25 pM Cd?*
(p=0.690) with 10 nM TCDD did not have a higher magnitude than
those in the Cd?* alone.

3.2. Effects of Cd?* on CYP1A1 induction by 2,3,7,8-TCDD

The EROD assay was used to analyze the effect of Cd%* on CYP1A1
enzyme activation induced by 10nM 2,3,7,8-TCDD in Huh?7 cells.
The inhibition of Cd?* for the TCDD-induced EROD activation was
only found at the highest concentration (25 wM, p=0.037) in a
dose-dependent manner (Fig. 2). This result is consistent with that
using the DRE luciferase bioassay. IC5o of Cd2* was also evaluated.
23.2 WM (95% C.L: 21.7-25.4 uM) of Cd?* could significantly inhibit
50% of EROD activation in the presence of 10 nM TCDD in Huh7 cells.
As shown in Table 2, the CYP1A1 enzyme activation in the coexis-
tence of 10nM TCDD and cadmium was significantly higher than
that in treatment with cadmium alone (p <0.001).

3.3. Cytotoxic effects on the cells

To address the cytotoxic effects of TCDD and Cd2* on Huh7-DRE-
Luc cells, it is essential to define the non-toxic range of TCDD and
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Fig. 1. Inhibitory effect of cadmium on TCDD-induced luciferase activation in Huh7-
DRE-Luc cells (ICsp = 0.414 of .M Cd?*). The cells were treated with 10nM TCDD in
the presence of different concentrations of Cd?* (1, 5, and 25 wM) for 24 h. Data are
presented as mean =+ SD, n=4, and are expressed as relative luciferase activity (%)
compared to that of the 10 nM TCDD-treated control. ***p <0.001, compared with
the relative untreated control.
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Fig. 2. Inhibitory effect of cadmium on TCDD-induced CYP1A1 activation in Huh7
cells (ICsp =23.2 uM Cd?*). The cells were treated with 10 nM TCDD in the presence
of different concentrations of Cd?* (1, 5, and 25 uM) for 24 h and without it. CYP1A1
activities are presented as mean=SD, n=3, and are expressed as relative CYP1A1
activity (%). *p <0.05, compared with the relative untreated control (with or without
10nM TCDD).

Cd?* for Huh7 cells, which are the parental cells of Huh7-DRE-Luc
cells, for the estimate of Cd2* effects on luciferase activation by
2,3,7,8-TCDD. Huh7 cells were treated with various Cd2* concentra-
tions for 24 h. The survival rate of the cells was determined using
the MTT assay to analyze the cytotoxic effect of Cd2*. Concentra-
tions of Cd?* > 1 WM caused cytotoxic effects with decrease in the
survival rate of 89-84% (p <0.001), as shown in Fig. 3. The relative
survival rates of treatments with 5 and 25 uM Cd2* were not sig-
nificantly lower than that with 1 wM of Cd?* (p>0.05). Although
slightly cytotoxic effects were found in Huh7 cells treated with
>1 M Cd?*, they did not significantly affect the performance of
Huh7 and Huh7-DRE-Luc cells using the EROD and DRE luciferase
bioassays, respectively. We also evaluated the cytotoxicity of Cd2*
in the presence of TCDD to consider the combined effects in Huh7
cells. Huh7 cells were also treated with Cd2* with 10 nM TCDD for
24 h. Our data indicate that the presence of TCDD and Cd2* treat-
ments exhibits no marked cytotoxicity in the survival rate (data not
shown). Additionally, Huh7-DRE-Luc cells for cytotoxicity test were
also performed. The result indicated that there was no significant
difference for cytotoxicity between metal alone and cotreatment
test (data not shown).
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Fig. 3. The cytotoxic effect of cadmium on Huh7 cells. The cells were left untreated
or were treated with different concentrations of Cd?* (1, 5, and 25 wM) for 24 h. After
treatments, survival rates were determined using the MTT assay. Data are presented
as mean=+SD, n=3, and are expressed as percentage of survival rate compared to
that of the untreated control. *p <0.05, compared with the relative untreated control
(with or without 10 nM TCDD).

4. Discussion

Cadmium (II) chloride significantly inhibited TCDD-induced
luciferase activation in a dose-dependent manner, as shown in
Fig. 1. Few studies have indicated that heavy metals could inter-
fere with TCDD-induced DRE-luciferase activities in recombinant
hepatoma cells. According to our previous study [12], concentra-
tions of sodium arsenite (NaAsO;) higher than 3 wM significantly
inhibited TCDD-induced luciferase activation in Huh7-DRE-Luc
cells. Treatment with Cd?* inhibited both TCDD-induced luciferase
(Huh7-DRE-Luc cells) (Fig. 1) and EROD (Huh7 cells) (Fig. 2) acti-
vation in a dose-dependent manner without significantly affecting
cytotoxicity in Huh7 cells (Fig. 3).

We found that Cd2* alone did not have significant toxic effects
on CYP1A1 and DRE luciferase activation in either cell after the rel-
ative survival rates of cytotoxic effects were adjusted (p > 0.05). The
results of some studies were consistent with ours, but those of oth-
ers were not. Hepa 1c1c7 treated with 5 uM Cd?* did not show an
inducible effect on EROD activities [28]. HepG2 treated with 5 pM
cadmium chloride was not significantly different compared with
the untreated control [27]. In in vitro studies with Cd2* treatment
ranging from 0 to 26.7 wM [29] and O to 15 uM [18], a significant

Table 2

Inhibitory effect of cadmium on TCDD-induced CYP1A1 activation in Huh7 cells (p mole resorufin/100 min).

Cadmium chloride concentration oM 1uM 5uM 25 uM p-Value? p-ValueP

10nM TCDD +Cd?* (n=3) 0.007 0.033
Mean 56.0 66.5 55.9 26.8 - -
95% C.L.¢ 51.6-60.3 49.9-83.0 44.1-67.6 11.1-42.5 - -
p-Valued - 0.400 0.700 0.043 - -

Cd?* alone (n=3) 0.553 0.570
Mean + SE 12.9 15.8 14.4 11.1 — -
95% C.1.¢ 6.12-19.6 11.1-20.6 9.06-19.8 8.01-14.3 - -
p-Valued - 0.400 0.700 0.700 - -

Nonparametric tests
p-Value® <0.001 <0.001 <0.001 <0.001

2 ANOVA tests.
b Jonkheere-Terpstra tests.
¢ 95 C.I. means 95% of confidence interval.

4 Mann-Whiney U-tests comparing the untreated control to the cotreatment of Cd?* and TCDD.
¢ The significant differences in EROD activities between the cotreatment and the treatment alone were examined using Moses extreme reaction tests.
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increase in EROD activation was found at higher Cd?* concentra-
tions compared to that of the untreated control in human HepG2
cells.

As shown in Table 2, cadmium inhibited the induction of TCDD-
mediated CYP1A1 activities with significantly antagonistic results.
5 uM Cd?* attenuating the induction of EROD activation after treat-
ment with 10nM TCDD in Hepa 1c1c7 cells was also found in the
study of Elbekai et al. [30]. They also indicated that the inhibition
of TCDD-mediated EROD activation was positively associated with
increased Cd?* concentrations (1, 5, and 25 wM) in the same hep-
atoma cell line [17]. To our knowledge, few mammalian in vivo
studies were designed to test EROD activation with the combined
treatment of metals and TCDD.

From Tables 1 and 2, the statistical results are significantly dif-
ferent at Cd%* concentrations of 5 and 25 uM between luciferase
activities and CYP1A1 activation for the cotreatment with Cd2*
and TCDD and Cd?* alone. ICsy of 0.414 uM of Cd?* (95% C.L:
0.230-0.602 wM) in the presence of 10nM TCDD for Huh7-DRE-
Luc cells was notably lower than that of 23.2 WM Cd?* (95% C.L.:
21.7-25.4 uM) for Huh7 cells with a significance of p<0.001. Our
previous study also showed the differential effect of arecoline on
a stably transfected DRE-driven reporter and on the endogenous
AhR-ligand CYP1A1 in human hepatoma cells [13]. Elbekai et al.
[30] demonstrated that As3*, Cd2*, and Cr®* caused the activation
of AhR and transcriptional induction of CYP1A1, and were involved
in posttranscriptional modification while decreasing CYP1A1 acti-
vation at posttranslational levels. We further demonstrated that the
differential effect of Cd2* (non-AhR ligand) on DRE luciferase acti-
vation and on CYP1A1 activation had statistically different results.
Huh7-DRE-Luc cells are genetically recombinant hepatoma cells
that are specifically and directly activated to AhR function by AhR
agonists, but might be easily accompanied by the downstream reg-
ulation of transcriptional, posttranscriptional, or posttranslational
modification by the non-AhR ligand.

We attempted to mimic CYP1A1 activation by the activities
of a DRE-driven reporter gene even though there were different
biological outcomes. Based on the findings of our previous stud-
ies [12] and the present one, the biological outcomes in relation
to AhR with the cotreatment of AhR agonist and non-AhR ligand
by the EROD assay were more stable compared to those tested
by the DRE luciferase bioassay. A previous study indicated that
using the DRE-CALUX bioassay for detecting AhR agonists had
many advantages over the EROD assay, including easy operation,
more reliable outcomes, less time-consuming, and fewer inhi-
bition effects [16]. Based on our results, EROD assay was more
stable for pure compound cotreatment, however, if applying in
matrix, the results of DRE luciferase bioassay have more reli-
able outcomes, this inference warrants further investigation in
the future. We also recognize that our DRE luciferase bioassay or
a commercial DRE-CALUX bioassay could be a valuable tool for
rapid assessment and fast-screen investigations of AhR agonists
in environmental contamination after an extensive cleanup pro-
cedure.

Food and tobacco smoke are well known major sources of cad-
mium with non-occupational exposure in the general population.
Urinary cadmium levels in smokers are significantly higher than
those in nonsmokers in the general population of Taiwan [22].
According to our previous study [26], arecoline, an alkaloid in the
areca nut, inhibited the induction of TCDD-mediated CYP1A1 acti-
vation. Most Taiwanese males have a betel-quid chewing habit
coupled with a smoking habit, and smokers who chewed betel-
quid nearly tripled their oral cancer risks compared to nonsmokers
[31]. It is still unknown whether arecoline and cadmium in a highly
exposed population may increase or decrease AhR-agonist-induced
adverse health effects (i.e. polycyclic aromatic hydrocarbons (PAHs)
or dioxins). Further studies are needed to test whether the effects

of TCDD/PAH-induced CYP1A1 activation caused by the combined
treatment of cadmium and arecoline are agonistic or antagonistic.

5. Conclusions

Cadmium chloride significantly inhibits the induction of TCDD-
mediated CYP1A1 activation in Huh7 cells and dioxin-responsive
element-driven luciferase activities in Huh7-DRE-Luc cells. This
study also demonstrates the differential effects of CYP1A1 activa-
tion in Huh7 cells and luciferase activation in Huh7-DRE-Luc cells
with the cotreatment of Cd2* and TCDD using ICsq values and sta-
tistical differences. Prevention of interference with non-dioxin-like
compounds in a dioxin-responsive element-driven luciferase bioas-
say is of great importance in an extensive cleanup procedure.
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