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Abstract

The aim of this study was to examine the arsenic effect on activation of aryl hydrocarbon receptor (AhR)-mediated gene expression by
2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) in human hepatoma cells. The human hepatoma Huh7 cells were treated with sodium arsenite
(NaAsO,) from 0.5 to 20 uM for 24 h. Our data revealed that NaAsO, < 10 uM caused no significant cytotoxic effect on Huh7 cells (p >0.05). We
also established a dioxin-responsive element (DRE)-mediated Chemical Activated LUciferase eXpression (CALUX) cell line, Huh7-DRE-Luc, by
stable transfection of Huh7 with a DRE-driven firefly luciferase reporter plasmid (4xDRE-TATA-Luc). Treatments of Huh7-DRE-Luc and Huh7
with NaAsO, attenuated the 2,3,7,8-TCDD-induced DRE-CALUX and cytochrome P450 1A1 (CYP1ALl) activations, respectively, in a dose-
dependent manner. We found that the calculated CALUX-toxic equivalent (TEQ) levels induced by cotreatment of NaAsO, > 3.0 uM and 10 nM
2,3,7,8-TCDD were significantly lower than that induced by 2,3,7,8-TCDD alone (p <0.05). In the present study, we demonstrated that arsenic not
only inhibited the TCDD-induced CYP1A1 activation but also interfered with DRE-CALUX bioassay in human hepatoma cells. Our finding also
suggests that extensive cleanup of sample for removal of any possible interfering factor is critical to guarantee the accuracy of dioxin-TEQ levels
using DRE-CALUX bioassay.
© 2006 Elsevier B.V. All rights reserved.

Keywords: 2,3,7,8-Tetrachlorodibenzo-p-dioxin; Arsenite; Chemical Activated LUciferase eXpression; Ethoxyresorufin-O-deethylase; Human hepatoma

in Taiwan. PCDD/DF/Bs can persistently contaminate our envi-
ronment leading to raising public concern on human exposure
to these chemicals. Therefore, it is of great importance to effec-

1. Introduction

Halogenated aromatic hydrocarbons, such as polychlori-

nated dibenzo-p-dioxins (PCDDs), dibenzofurans (PCDFs), and
biphenyls (PCBs), are lipophilic and anthropogenic chemicals
and toxicants [1]. These organochlorines compounds have been
found widespread in ambient air [2], stack flue gas [3], sedi-
ment [4], fish [5], blood and placentas [6], and breast milk [7,8]
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tively monitor the background levels of PCDD/DF/Bs in the
environment, foodstuffs, and human bodies.

High-resolution gas chromatography/high-resolution mass
spectrometry (HRGC/HRMS) is a certified method to deter-
mine dioxin concentrations in Taiwan. Moreover, the Chemical
Activated LUciferase eXpression (CALUX) bioassay has been
recently established in both Environmental Analysis Labora-
tories of Environmental Protection Administration (EPA) and
Bureau of Food and Drugs Analysis of Department of Health
(DOH) in Taiwan. The CALUX is an in vitro luciferase-reporter-
gene assay for detecting the TEQ levels of dioxins and dioxin-
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like compounds based on their high affinity with aryl hydrocar-
bon receptor (AhR). Compared with HRGC/HRMS, CALUX
bioassay is a rapid and low-cost screening method particu-
larly for fast-screen identification of highly dioxin-contaminated
samples from environment and food. Recently, the CALUX
bioassay has been used in detection of the levels of dioxin-TEQ
in both biota [9,10] and environment [11,12] in some devel-
oped countries. The CALUX bioassay has been certified a new
method for detecting dioxins in Japan in September 2005. Tai-
wanese EPA and DOH will soon announce to adopt the CALUX
bioassay as a standard method for fast screening the dioxin-TEQ
levels in food and environment.

Previous studies revealed that arsenic could inhibit induc-
tion of CYP1A enzymes in rat hepatocytes [13] and thus might
alter the potential carcinogenic effect of dioxins on human hep-
atocytes [14]. Treatment of human hepatoma (HepG2) cells
with 0.5 uM of NaAsO; caused a marked decrease in CYP1A1
induction by 2,3,7,8-TCDD [15]. Since dioxins and arsenic are
common contaminants in both environment and food, incom-
plete sample clean-up for CALUX bioassay may result in over-
or under-estimations of dioxin-TEQ levels. However, there is
still limited information regarding to the inhibitory effect of
arsenic on CALUX bioassay, especially for human hepatoma
cells.

Currently, there are two commercially available recombi-
nant DRE-CALUX cell lines, mouse hepatoma cells (Hepa
Ic1c7) (Xenobiotic Detection Systems, Inc.) and rat hepatoma
cells (H4IIE) (BioDetection System b.v.). Both cell lines were
stably transfected with DRE-driven firefly luciferase-reporter
plasmid (pGudLuc6.1) and pSVneo [9,11]. In the present study,
we examined the inhibitory effect of NaAsO, on activation of
DRE-CALUX by 2,3,7,8-TCDD in the human hepatoma cell
line Huh7. The calculated CALUX-TEQ levels were determined
based on the luciferase activity in response to co-treatments with
2,3,7,8-TCDD and NaAsO;.

2. Materials and methods
2.1. Caution

Appropriate personal protective methods were used through-
out all experiments to avoid of exposure to the hazardous halo-
genated and polycyclic aromatic hydrocarbons.

2.2. Materials and reagents

2,3,7,8-TCDD and NaAsO, were obtained from Fluka
Chemie GmbH (Buchs, Switzerland). Ethoxyresorufin,
resorufin, Salicylamide, and dimethyl sulfoxide (DMSO) were
obtained 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 CYP1A1l (DREs:
—499, —895, —983 and —1056) [16] in front of a TATA
box and a firefly luciferase gene. The pSUPER-EGFP-neo
vector carrying EGFP and neo" genes was kindly provided by

Dr. Chi-Ying F. Huang (National Health Research Institutes,
Taiwan). The human hepatoma cell line Huh7 was kindly
provided by Dr. Chiung-Tong Chen (National Health Research
Institutes, Taiwan). Quantification of protein concentration was
determined by the Bradford method (BioRad, Hercules, CA,
USA) [17].

2.3. Establishment of recombinant Huh7-DRE-Luc cells for
DRE-CALUX bioassay

Stable transfection was performed as previously described
[18] with modifications. Huh7 cells seeded in 60 mm dishes
were transfected with a reporter vector, 4 x DRE-TATA-Luc, and
a selection vector, pPSUPER-EGFP-neo, according to the Lipo-
fectamine reagent protocol (Life Technologies, Grand Island,
NY, USA). Following 2 days of growth in nonselective medium,
the transfected cells were split 1-6 and were re-plated into selec-
tion medium containing 800 w.g/ml G418 for one week, then in
medium containing 200 wg/ml G418 for 1 month. After the G418
selection, 35 Huh7 cell clones with G418-resistant phenotype
and EGFP expression were selected for their inducible activa-
tions of luciferase activity by 2,3,7,8-TCDD. The Huh7-DRE-
Luc cell clone was finally established for its sharp dose—response
performance in response to 2,3,7,8-TCDD. Huh7-DRE-Luc
cells have been tested for 8 months with stable induction of
luciferase activity by 2,3,7,8-TCDD.

2.4. CALUX bioassay

Huh7-DRE-Luc cells were seeded on 12-well plates at 90%
confluence in DMEM medium. Stock solution of 2,3,7,8-TCDD
was prepared in DMSO. After incubation for 24 h, the cells were
subjected to different concentrations of 2,3,7,8-TCDD treat-
ments (1072, 1071, 1, 10, 10%, 103, and 10* pM) for 24 h. For
analysis of arsenic effect on the TCDD-induced CALUX activa-
tion, the cells were treated with 10 nM 2,3,7,8-TCDD for 24 h in
the presence of different concentrations of NaAsO» (0.5, 1, 3, 5,
10 and 20 pwM). After treatments, cell lysates were collected in
0.2 ml of reporter lysis buffer (0.1 KH,POq4, pH 7.9, 0.5% Tri-
ton X-100, and 1 mM DTT) and were freeze—thaw three times
to ensure complete cell lysis. Luciferase activity was measured
by using Luciferase Assay System (Promega, Madison, WI,
USA) according to the standard protocol provided. Luciferase
activity was determined in the programmed microplate lumi-
nometer MicroLumatPlus LB96V (EG&G Berthold, Germany)
with excitation and emission set at 400 and 460 nm wavelengths,
respectively. The luciferase activity was expressed as relative
light units (RLU)/p.g protein.

2.5. Cell viability assay

Huh7 cells were seeded in a 96-well plate at a density of
4 x 10%/well and cultured in DMEM medium for 24 h. Then,
the cells were left untreated or treated with NaAsO, (0.5, 1.0,
3.0, 5.0, 10.0 and 20 puM) for another 24 h. Cell viability was
determined by MTT assay, following the procedure previously
described [19].
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2.6. Ethoxyresorufin-O-deethylase (EROD) assay

Huh-7 cells, seeded at 90% confluence on 24-well plates with
complete medium, were left untreated or treated with 10 nM
2,3,7,8-TCDD in the presence of different concentrations of
NaAsO; (0.5, 1, 3, 5, 10, 20 uM) for 24 h. At the end of the
incubation, the medium was removed and the wells were washed
twice with fresh medium. The EROD activity was determined
as previously described [20] using 5 uM of ethoxyresorufin
in DMEM medium as the substrate of CYP1Al enzyme, in
the presence of 1.5 mM of salicylamide to inhibit conjugating
enzymes. After incubation for 30 min at 37 °C, fluorescence was
measured by using a Fluoroskan multi-well fluorescence plate
reader (Labsystems), with excitation at 530 nm and emission at
590 nm. Resorufin standard curve were used to convert fluores-
cence to pmole of resorufin formed. The CYP1A1 activity was
defined as resorufin formation (in pmol) per 100 min of reaction
time (pmol resorufin/100 min).

2.7. Statistics

Each experiment was performed in triplicate or qua-
druplicate. The statistical analysis was performed on the
mean =+ standard deviation (S.D.) from each independent exper-
iment. The Mann—Whitney U-test was used to determine the dif-
ferences between the untreated controls and the arsenic-treated
data. Analyses were carried out using the Statistical Package for
Social Science (SPSS) version 12.0 (SPSS Inc., Chicago, IL,
USA).

3. Results

3.1. Induction of DRE-CALUX by 2,3,7,8-TCDD in
Huh7-DRE-Luc cells

Using our Huh7-DRE-Luc cells for DRE-CALUX bioassay,
we treated the cells with increasing concentrations of 2,3,7,8-
TCDD for 24 h and demonstrated a dose-response induction of
DRE-CALUX activity by 2,3,7,8-TCDD as shown in Fig. 1. This
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Fig. 1. Dose-response induction of luciferase activity by 2,3,7,8-TCDD. Huh7
cells at ~#90% confluence were incubated with 2,3,7,8-TCDD for 24 h. The
measurements of luciferase activity are shown as means £ S.D., n=4. “p <0.05,
compared with the treatment with 0.01 pM TCDD.
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Fig. 2. Cytotoxic effect of arsenic on Huh7 cells. The cells were left untreated
or treated with different concentrations of NaAsO; (0.5, 1, 3, 5, 10, and 20 M)
for 24 h. After treatments, survival rates were determined by using MTT assay.
Data are presented as means & S.D., n=3, and are expressed as percentage of
survival rate as compared with that of untreated control. “p <0.05, compared
with the untreated control.

DRE-CALUX bioassay used a semi-logarithmic dose-response
curve as a standard curve with a sigmoid appearance (R?>0.95,
p <0.001). The coefficient of variation (CV) from quadruplicate
measurements was below 20%. The detection limit for 2,3,7,8-
TCDD was 6.4 pM, as defined by three times standard deviation
above the average RLU value of the zero standards (or without
2,3,7,8-TCDD treatment). The detection limit for 2,3,7,8-TCDD
(6.4 pM) in Huh7-DRE-Luc cells was 10-fold higher than those
in rat hepatoma cells (H4IIE) from Biodetection Systems b.v.
(0.4 pM) [21] and in mouse hepatoma cells (Heplclc7) from
Xenobiotic Detection System Inc (0.4 pM) [9].

3.2. Cytotoxic effect of arsenic on Huh7 cells

Cytotoxic effect of arsenic has been extensively studied in
various types of cells. Thus, it is essential to define the non-
toxic range of NaAsO; for Huh7 cells, the parental cells of
Huh7-DRE-Luc cells, for evaluating the arsenic effects on DRE-
CALUX activation by 2,3,7,8-TCDD. To analyze the cytotoxic
effect of NaAsO,, Huh7 cells were treated with different con-
centrations of NaAsQ; for 24 h and then survival rate was deter-
mined with MTT assay. As shown in Fig. 2, treatments with
NaAsO; < 10 M caused no significant effect on cytotoxicity of
Huh7 cells (p>0.05), whereas treatment with 20 puM NaAsO»
caused significant cytotoxic effect with a significant decrease in
survival rate by 42% (p <0.001).

To evaluate the cytotoxicity of NaAsO; in the presence of
2,3,7,8-TCDD, Huh7 cells were also treated with NaAsO, (5
and 10 uM) with or without 10nM 2,3,7,8-TCDD for 24 h. Our
data indicates that, in the presence of 2,3,7,8-TCDD, the 5 and
10 uM NaAsO; treatments exhibits no marked cytotoxicity and
10% decrease in survival rate, respectively (data not shown).

3.3. Inhibition of arsenic on DRE-CALUX induction by
2,3,7,8-TCDD

To address the arsenic effect on the DRE-CALUX induc-
tion by 2,3,7,8-TCDD, Huh7-DRE-Luc cells were treated with
10nM 2,3,7,8-TCDD in the presence of different concentrations
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Fig. 3. Inhibitory effect of arsenic on the TCDD-induced luciferase activation in
Huh7-DRE-Luc cells. The cells were treated with 10 nM TCDD in the presence
of different concentrations of NaAsO, (0.5, 1, 3, 5, 10, and 20 pM) for 24 h.
After treatments, luciferase activities were determined with CALUX bioassay
as described in detail under Section 2. Data are presented as means £ S.D.,
n=4, and are expressed as relative luciferase activity as compared with that
of 10 nM TCDD-treated control. *p <0.05, compared with the treatment with
10nM TCDD only.

of NaAsO;. As shown in Fig. 3, treatments with NaAsO; atten-
uated the TCDD-induced DRE-CALUX activation in a dose-
dependent manner. We then calculated the resulting CALUX-
TEQ level of each treatment by fitting the model of equation
(In(Y) =0.4435735568 x In(X) + 18.51226416, X and Y indicate
CALUX-TEQ and luciferase activity, respectively). As shown in
Table 1, the calculated CALUX-TEQ levels induced by 2,3,7,8-
TCDD in the presence of 3, 5, 10 and 20 uM NaAsO, were
215,186, 103, and 45.7 pg CALUX-TEQ/well, respectively. We
found that these CALUX-TEQ levels were significantly lower
than that induced by 2,3,7,8-TCDD alone (322 pg CALUX-
TEQ/well, p<0.001).

3.4. Inhibition of arsenic on CYPIAI induction by
2,3,7,8-TCDD

By using Huh7 cells, we also analyze the effect of NaAsO; on
CYPI1A1 enzyme activation induced by 10nM 2,3,7,8-TCDD
as determined by using EROD assay. Our data indicated that
NaAsQO; inhibited the TCDD-induced EROD activation in a
dose-dependent manner and NaAsO; > 3 uM could cause sig-
nificant decreases in EROD activity (p <0.001) (Fig. 4). This
result was correlated with that from DRE-CALUX bioassay.
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Fig. 4. Inhibitory effect of arsenic on the TCDD-induced CYP1A1 activation in
Huh7 cells. The cells were treated with or without 10 nM TCDD in the presence
of different concentrations of NaAsO; (0.5, 1, 3, 5, 10, and 20 uM) for 24 h. After
treatments, CYP1A1 activities were determined with EROD assay as described
in detail under Section 2. CYP1A1 activities are presented as means = S.D.,
n=4, and are expressed as resorufin formation (in pmol) per 100 min of reac-
tion time (pmol resorufin/100 min). *p < 0.05, compared with the treatment with
10nM TCDD only.

Meanwhile, treatments with NaAsO, alone caused no marked
effect on CYP1A1/EROD activity.

4. Discussion

Our established Huh7-DRE-Luc clone, despite its lower
detection sensitivity for 2,3,7,8-TCDD, still provides a good in
vitro model for evaluation of combined effects of environmental
contaminants, such as arsenic, and 2,3,7,8-TCDD on regulation
of AhR-mediated gene expression especially in human hepato-
cytes.

Our data indicted that NaAsO; < 10 wM significantly inhib-
ited the TCDD-induced DRE-CALUX induction (Fig. 3) with
no detectable cytotoxic effect on Huh7-DRE-Luc cells (Fig. 2),
suggesting that the arsenic inhibition on DRE-CALUX activ-
ity was not due to cytotoxic effect of NaAsO,. Our data from
human hepatocytes agreed with a previous study [13], in which
arsenic treatments between 2.5 and 10 uM could attenuate the
3-methylcholanthrene-induced CYP 1Al enzyme activation in
rat hepatocytes with no marked cytotoxic effect.

On the other hand, treatment with 20 uM NaAsO; signifi-
cantly inhibited the TCDD-induced DRE-CALUX activation by

Table 1

Calculation of CALUX-TEQ levels based on induction of luciferase activity by NaAsO, and 2,3,7,8-TCDD

NaAsO; (LM) 0 0.5 1 3 5 10 20
Luciferase activities (RLU/pg protein) 11535 11792 11248 9648 9047 6968 4850
S.D. 1030 1118 990 1228 1676 973 895
Ratios 1.0 1.02 0.975 0.836 0.784 0.604 0.42
Calculated CALUX-TEQ levels (pg CALUX-TEQ/well)? 322 338 304 215 186 103 45.7
p-values® - 0.789 0.843 0.045 0.012 <0.001 <0.001

2 CALUX-TEQ levels were calculated according to the combined effect of NaAsO, and 2,3,7,8-TCDD (10 nM) on luciferase activity in Huh7-DRE-Luc cells. The
calculated CALUX-TEQ levels are derived from the equation “In(¥) = 0.4435735568 x In(X) + 18.51226416, R* =0.951” and are presented as pg CALUX-TEQ/well.

X and Y indicate CALUX-TEQ and luciferase activity, respectively.

b p-values were compared with that treated with TCDD alone (10 nM 2,3,7,8-TCDD without NaAsO;), n=4.
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58% (p<0.001) (Fig. 3) accompanied by a significant decrease
in survival rate by 42% (p<0.001) (Fig. 2), suggesting that
the inhibitory effect of arsenic on DRE-CALUX activity was
potentiated partly due to the arsenic-induced cytotoxic effect on
Huh7-DRE-Luc cells. Moreover, regarding to the future appli-
cation of DRE-CALUX bioassay in fast screening of a large
number of samples with dioxin-like contaminants, our study
also suggested that co-contaminants, such as arsenic, in sam-
ples due to incomplete cleanup may result in underestimation of
CALUX-TEQ levels by using DRE-CALUX bioassay.

The toxicity of dioxins, coplanar PCBs, and 3-methyl-
cholanthrene are mainly through the activation of AhR-mediated
gene expression. To determine if the arsenic effect on DRE-
CALUX activation performed in our Huh7-DRE-Luc system
could represent the tfrue AhR-mediated gene expression, we
further analyzed CYP1AIl activity, as determined by EROD
assay, in Huh7 cells subjected to the same treatments. Our data
indicated that the inhibitory effects of arsenic on inductions of
DRE-CALUX (Fig. 3) and CYP1A1 (Fig. 4) were quite sim-
ilar. It has been recently demonstrated that arsenic treatments
(between 0.25 and 5.0 uM) of human hepatoma Hep3B and
HepG2 cells could attenuate the CYP1A1/EROD induction by
2,3,7,8-TCDD [14]. The study is well consistent with our present
data.

Fig. 3 shows that 5 pM of NaAsO; inhibited TCDD-induced
DRE-CALUX bioassay by 20% only, whereas Fig. 4 shows that
NaAsO; inhibited EROD by 80%. The difference between these
two assays could be resulted from posttranscriptional regulation
and/or direct inhibitory effect of arsenite on CYP1A1. Moreover,
a protein named AhR repressor (AhRR) has been revealed with
the capacity to repress transcriptional activity by AhR [22]. The
study showed that the liganded AhR complex could mediate
gene expression of AhRR, which then inhibits AhR function by
competing with AhR via dimerizing with Arnt and binding to
the XRE sequence. Therefore, it is reasonable to suspect that the
AhR-mediated AhRR expression in Huh7-DRE-Luc cells (for
DRE-CALUX bioassay) is relatively lower than that in Huh7
cells (for EROD assay) and lead to inhibition of AhR function
and CYP1A1 expression.

Co-contamination of high concentrations of arsenite with
dioxin may attenuate the dioxin effect on DRE-CALUX reading
such as making the positive results negative (Table 1). On the
basis of our data by using Huh7-DRE-Luc bioassay, we suggest
that arsenite concentrations higher than 3 pM (225 pg/l) can
significantly underestimate the dioxin-CALUX-TEQ levels.

It is noteworthy that some studies have revealed that arsenite
alone can induce CYP1A1 mRNA expression [23] and can acti-
vate the AhR possibly via a ligand-independent manner [24].
However, the former study also showed that arsenite inhibited
the induction of CYP1A1 activity by 2,3,7,8-TCDD, accompa-
nied by an upregulation of CYP1A1l mRNA expression. Thus,
these data show that arsenite inhibits the 2,3,7,8-TCDD-induced
CYPI1AL1 activation possibly at transcriptional and/or posttran-
scriptional levels. The precise regulatory mechanism remains
unclear and needs to be further elucidated. In addition, we
also conducted the similar experiments, i.e., DRE-CALUX,
EROD, and MTT assays, by using CdCl,. We demonstrated

that treatments with CdCl, (1, 5, and 25 uM) significantly
attenuated the TCDD-induced activations of DRE-CALUX and
EROD in a dose-dependent manner with no marked cytotoxicity
(data not shown). Therefore, our data showed that both CdCl,
and NaAsO; inhibited induction of cytochrome P450 1A1 by
2,3,7,8-TCDD in human hepatoma cells in a similar pattern,
suggesting that these inhibitory effects of CdCl, and NaAsO;
were possibly regulated via the same mechanism(s).

Taiwanese EPA and DOH will soon adopted DRE-CALUX
bioassay as one of standard methods to fast screening of dioxin-
contaminated samples for its specificity, sensitivity, efficiency,
easy sample cleanup, low-cost, and wide application to a variety
of matrices. However, there are still a lot of parameters poten-
tially interfering with DRE-CALUX bioassay require further
evaluation. In the present study, we not only demonstrated an
in-vitro evidence that arsenic could inhibit the TCDD-induced
DRE-CALUX activation in our Huh7-DRE-Luc system but also
presented an example that environmental contaminants, such
as arsenic, could interfere with DRE-CALUX bioassay. Since
arsenic is ubiquitous geographically, there are two endemic areas
of long-term arsenic exposure from drinking water in Taiwan
[25]. Samples with high arsenic contamination in the environ-
ment, seafood, and human specimens from these endemic areas
without extensive cleanup will increase the difficulty of ana-
lyzing dioxin and PCB TEQ levels by DRE-CALUX bioassay.
Thus, development of multi-stage cleanup procedures to pre-
vent the interference for DRE-CALUX bioassay is necessary
for specific monitoring of dioxin and PCB TEQ levels in vari-
ous matrices in the future study.

The DRE-CALUX bioassay is a fast and inexpensive method
especially for high-throughput screening of a large amount of
sample with low dioxin-TEQ levels. However, on the basis of our
study, the bioassay can be highly variable and inaccurate most
probably due to incomplete sample cleanup for DRE-CALUX
bioassay. Our data indicated that arsenite could affect the DRE-
CALUX reading via inhibition of AhR function and CYP1A1
expression as well as via its cytotoxicity on Huh7-DRE-Luc
cells. Therefore, in addition to those metals such as arsenite,
cadmium, and chromium, it is noteworthy that some other co-
contaminants with lipophilic property are usually very toxic to
cells in culture. Most importantly, these lipophilic contaminants
are extremely difficult to be separated from dioxin-like chem-
icals during extraction/purification process. Thus, the above
precautions have to be taken properly in order to utilize the
fast/inexpensive technique correctly.

Our study suggests that extensive clean-up of sample follow-
ing the standard method can attenuate arsenic interference with
DRE-CALUX bioassay. However, the concentration of 10 nM
TCDD is an extremely high dose in the environment. In the
future study, the low dose of TCDD with high dose of arsenic
(i.e. 3 nM) tested in Huh7-DRE-Luc cells is needed. Therefore,
DRE-CALUX bioassay coupled with HRGC/HRMS is recom-
mended in analyzing dioxin levels in Arseniasis-endemic area.
The public health in Arseniasis-endemic area in Taiwan is of
great concern since elevated arsenic concentrations have been
detected in human blood, urine, and hair [26]. Today, we are
able to accurately measure TEQ levels of body burden by using
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chemical and biological assays. However, in Arseniasis-endemic
area, it is very possible that the TEQ levels we measured are not
directly correlated with the dioxin-induced health effects due
to the combined effects of dioxin(s) and arsenic. On the basis
of our study, we suggest that the health effects induced by co-
exposure of dioxin(s) and arsenic should be taken into serious
consideration for toxicological and epidemiological studies in
Arseniasis-endemic areas subjected to dioxin contamination.

5. Conclusion

In this study, we demonstrated that treatments of Huh7-
DRE-Lux cells with NaAsO; > 3 uM significantly inhibited the
TCDD-induced DRE-CALUX activation. Treatments of Huh7
cells with NaAsO; > 3 uM significantly inhibited the TCDD-
induced CYP1A1 activation, as determined by EROD assay.
Meanwhile, NaAsO; > 20 uM caused marked decreases in both
DRE-CALUX and CYP1Al activation induced by 2,3,7,8-
TCDD partly due to its cytotoxic effect. Here, we not only
demonstrated an in-vitro evidence that arsenic could inhibit
the TCDD-induced CYP1A1 activation in human hepatoma
cells but also presented an example that environmental contami-
nants, such as arsenic, could interfere with DRE-CALUX bioas-
say. Our present study also suggests that extensive cleanup for
removal of any possible interfering factor is critical to guarantee
the accuracy of DRE-CALUX bioassay. Otherwise, assessment
of dioxin and PCB TEQ levels with DRE-CALUX bioassay in
Arseniasis-endemic areas may lead to under-estimation of health
impact induced by dioxins or dioxin-like chemicals.

Acknowledgments

This research was supported by Grant EO-094-PP-02 from
the National Health Research Institutes (NHRI), Taiwan. The
authors also acknowledge the research teams at Division of Envi-
ronmental Health and Occupational Medicine, National Health
Research Institutes and Department of Environmental Science
and Engineering, National Pingtung University of Science and
Technology.

References

[1] K. Abraham, O. Pépke, A. Gross, O. Kordonouri, S. Wiegand, U. Wahn, H.
Helge, Time course of PCDD/PCDF/PCB concentrations in breast-feeding
mothers and their infants, Chemosphere 37 (1998) 1731-1741.

[2] W.S. Lee, G.P. Chang-Chien, L.C. Wang, W.J. Lee, P.J. Tsai, K.Y. Wu,
C. Lin, Source identification of PCDD/Fs for various atmospheric envi-
ronments in a highly industrialized city, Environ. Sci. Technol. 38 (2004)
4937-4944.

[3] L.C. Wang, W.J. Lee, PJ. Tsai, W.S. Lee, G.P. Chang-Chien, Emissions
of polychlorinated dibenzo-p-dioxins and dibenzofurans from stack flue
gases of sinter plants, Chemosphere 50 (2003) 1123-1129.

[4] Y.C. Ling, D.K. Soong, M.K. Lee, PCDD/DFs and coplanar PCBs in sed-
iment and fish samples from the Er-Jen river in Taiwan, Chemosphere 31
(1995) 2863-2872.

[5] C.C.Lee, W.T. Lin, P.S. Liao, H.J. Su, H.L. Chen, High average daily intake
of PCDD/Fs and serum levels in residents living near a deserted factory
producing pentachlorophenol (PCP) in Taiwan: influence of contaminated
fish consumption, Environ. Pollut. 141 (2006) 381-386.

[6] S.L. Wang, C.Y. Lin, Y.L. Guo, L.Y. Lin, W.L. Chou, L.W. Chang,
Infant exposure to polychlorinated dibenzo-p-dioxins, dibenzofurans and
biphenyls (PCDD/Fs, PCBs)—correlation between prenatal and postnatal
exposure, Chemosphere 54 (2004) 1459-1473.

[7] H.R. Chao, S.L. Wang, C.C. Lee, H.Y. Yu, Y.K. Lu, O. Pipke, Level of poly-
chlorinated dibenzo-p-dioxins, dibenzofurans and biphenyls (PCDD/Fs,
PCBs) in human milk and the input to infant body burden, Food Chem.
Toxicol. 42 (2004) 1299-1308.

[8] H.R. Chao, S.L. Wang, PH. Su, H.Y. Yu, S.T. Yu, O. Pipke, Levels of
polychlorinated dibenzo-p-dioxins and dibenzofurans in primipara breast
milk from Taiwan: estimation of dioxins and furans intake for breastfed
infants, J. Hazard. Mater. 121 (2005) 1-10.

[9] T. Tsutsumi, Y. Amakura, M. Nakamura, D.J. Brown, G.C. Clark, K. Sasaki,
M. Toyoda, T. Maitani, Validation of the CALUX bioassay for the screening
of PCDD/DFs and dioxin-like PCBs in retail fish, The Analyst 128 (2003)
486-492.

[10] 1. Windal, N. Van Wouwe, G. Eppe, C. Xhrouet, V. Debacker, W. Baeyens,
E. De Pauw, L. Goeyens, Validation and interpretation of CALUX as a tool
for the estimation of dioxin-like activity in marine biological matrixes,
Environ. Sci. Technol. 39 (2005) 1741-1748.

[11] M.R. Hurst, J. Balaam, Y.L. Chan-Man, J.E. Thain, K.V. Thomas, Determi-
nation of dioxin and dioxin-like compounds in sediments from UK estuaries
using a bio-analytical approach: chemical-activated luciferase expression
(CALUX) assay, Mar. Pollut. Bull. 49 (2004) 648-658.

[12] M.R. Hurst, Y.L.. Chan-Man, J. Balaam, J.E. Thain, k.V. Thomas, The stable
aryl hydrocarbon receptor agonist potency of United Kingdom Continental
Shelf (UKCS) offshore produced water effluents, Mar. Pollut. Bull. 50
(2005) 1694-1698.

[13] J.M. Jacobs, C.E. Nichols, A.S. Andrew, D.E. Marek, S.G. Wood, P.R.
Sinclair, S.A. Wrighton, V.E. Kostrubsky, J.F. Sinclair, Effect of arsenite
on induction of CYP1A, CYP2B, and CYP3A in primary cultures of rat
hepatocytes, Toxicol. Appl. Pharmacol. 157 (1999) 51-59.

[14] L. Vernhet, N. Allain, M. Le Vee, E. Morel, A. Guillouzo, O. Fardel, Block-
age of multidrug resistance-associated proteins potentiates the inhibitory
effects of arsenic trioxide on CYP1AL1 induction by polycyclic aromatic
hydrocarbons, J. Pharmacol. Exp. Ther. 304 (2003) 145-155.

[15] J.A. Bonzo, S. Chen, A. Galijatovic, R.H. Tukey, Arsenite inhibition of
CYP1AT1 induction by 2,3,7,8-tetrachlorodibenzo-p-dioxin is independent
of cell cycle arrest, Mol. Pharmacol. 67 (2005) 1247-1256.

[16] S. Kress, J. Reichert, M. Schwarz, Functional analysis of the human
cytochrome P4501A1 (CYP1A1) gene enhancer, Eur. J. Biochem. 258
(1998) 803-812.

[17] M.M. Bradford, A rapid and sensitive method for the quantitation of micro-
gram quantities of protein utilizing the principle of protein-dye binding,
Anal. Biochem. 72 (1976) 248-254.

[18] P.M. Garrison, K. Tullis, J.M. Aarts, A. Brouwer, J.P. Giesy, M.S. Denison,
Species-specific recombinant cell lines as bioassay systems for the detec-
tion of 2,3,7,8-tetrachlorodibenzo-p-dioxin-like chemicals, Fundam. Appl.
Toxicol. 30 (1996) 194-203.

[19] T.C. Tsou, S.C. Yeh, F.Y. Tsai, L.W. Chang, The protective role of intracel-
lular GSH status in the arsenite-induced vascular endothelial dysfunction,
Chem. Res. Toxicol. 17 (2004) 208-217.

[20] S.W. Kennedy, S.P. Jones, Simultaneous measurement of cytochrome
P4501A catalytic activity and total protein concentration with a fluores-
cence plate reader, Anal. Biochem. 222 (1994) 217-223.

[21] G. Schoeters, M.P. Goyvaerts, D. Ooms, R. Van Cleuvenbergen, The eval-
uation of dioxin and dioxin-like contaminants in selected food samples
obtained from the Belgian market: comparison of TEQ measurements
obtained through the CALUX bioassay with congener specific chemical
analyses, Chemosphere 54 (2004) 1289-1297.

[22] J.Mimura, M. Ema, K. Sogawa, Y. Fujii-Kuriyama, Identification of a novel
mechanism of regulation of Ah (dioxin) receptor function, Genes Dev. 13
(1999) 20-25.

[23] R.H. Elbekai, A.O. El-Kadi, The role of oxidative stress in the modulation
of aryl hydrocarbon receptor-regulated genes by As>*, Cd**, and Cr*, Free
Radic. Biol. Med. 39 (2005) 1499-1511.

[24] S. Kann, M.Y. Huang, C. Estes, J.F. Reichard, M.A. Sartor, Y. Xia,
A. Puga, Arsenite-induced aryl hydrocarbon receptor nuclear translo-



722 H.-R. Chao et al. / Journal of Hazardous Materials A137 (2006) 716-722

cation results in additive induction of phase I genes and synergis- of exposure, effect, and susceptibility of arsenic-induced health hazards in

tic induction of phase II genes, Mol. Pharmacol. 68 (2005) 336- Taiwan, Toxicol. Appl. Pharmacol. 206 (2005) 198-206.

346. [26] W.L. Chou, S.L. Wang, H.Y. Yu, Y.K. Lu, H.R. Chao, C.Y. Peng, C.C.
[25] CJ. Chen, L.I. Hsu, C.H. Wang, W.L. Shih, T.H. Hsu, M.P. Tseng, Y.C. Wang, L.W. Chang, Cardiovascular risk profile and its relation to diabetes in

Lin, W.L. Chou, C.Y. Chen, C.Y. Lee, L.H. Wang, Y.C. Cheng, C.L. Chen, Arseniasis-Endemic area in southwest coast of Taiwan, in: 17th Asian Con-

S.Y. Chen, T.H. Wang, Y.M. Hsueh, H.Y. Chiou, M.M. Wu, Biomarkers ference on Occupational Health, Taipei, November 1-4, 2002, pp. 54-55.



	Arsenic inhibits induction of cytochrome P450 1A1 by 2,3,7,8-tetrachlorodibenzo-p-dioxin in human hepatoma cells
	Introduction
	Materials and methods
	Caution
	Materials and reagents
	Establishment of recombinant Huh7-DRE-Luc cells for DRE-CALUX bioassay
	CALUX bioassay
	Cell viability assay
	Ethoxyresorufin-O-deethylase (EROD) assay
	Statistics

	Results
	Induction of DRE-CALUX by 2,3,7,8-TCDD in Huh7-DRE-Luc cells
	Cytotoxic effect of arsenic on Huh7 cells
	Inhibition of arsenic on DRE-CALUX induction by 2,3,7,8-TCDD
	Inhibition of arsenic on CYP1A1 induction by 2,3,7,8-TCDD

	Discussion
	Conclusion
	Acknowledgments
	References


