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Evaluation of potentials of chemicals to alter expression of genes that are involved in carcinogenesis
may serve useful tools in toxicological research. In this investigation, we developed reporter cell lines
that expressed luciferase in response to transactivation of hypoxia inducible factor-1, P53 tumor sup-
pressor and Nur77 of which roles have been well established in cancer development and progres-
sion. Whereas these reporter cell lines displayed low constitutive backgrounds, the reporter activities
were significantly enhanced in response to desferriosamine/CoCl,, adriamycin or 6-mercaptopurine,
which are hypoxia mimicking chemicals, P53 activator or Nur77 inducer, respectively. The activation of
the reporter was time- and dose-dependent. Known tumor initiators and promoters, such as phorbol
12-myristate 13-acetate and phorbol 12,13-dicaprinate induced the reporter activity at as low as 10 nM
in these stable cell lines. Further, known anti-tumor promoters, such as ascorbic acid and p-carotene
repressed the reporter activities. These results indicate that our stable reporter cell lines could serve
as a useful system for rapid assessment of carcinogenicity of toxic chemicals.
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Fig. 1. Schematic presentation of HRE-Luc, P53RE-Luc,
and Nur77 promoter-Luc reporter plasmids.
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3 reverse, 5 TGG CAT GCG AGA ATC TGAS3, B-
actin: forward, 5-CGT GGG CCG CCC TAG GCA

-
&

100} HepG2-HRE I - AS549-HRE

o
=3
-
N

«

Luc activity (1 x 104)
]
Qo O

Luc activity ( 1 x 104)

N
=]
~

DFO - 10 50 100 150 250 (uM) CoCl, - 10 50 100 250 (uM)

HepG2-P53RE A549-Nur77promoter

20

Luc activity { 1 x 103)
3
o Luc activity (1 x 109)
- N (2]
< o o

Adriamycin 01 05 1(pg/ml

B

=
o

10 20 30 40 (uM)

A5438-P53RE A549-Nur77 promoter

30

-
N

20

Luc activity ( 1 x 104}
Luc activity { 1 x 109)
@

Adriamycin 0 1 4 9 24 (h) 6MP 0 1 4 9 24 (h)
(0.1 pugfmi) (50 pM)

C HepG2-HRE
%@ ! “ ‘ Luc

o k. ..4 p-actin

HepG2-P53RE

DFO 0 4 9 24 (h) Adriamycin - 01 03 05 (ug/mi)

(100 pM}

Fig. 2. Dose- and time-dependent activation of luciferase
by DFQ, adriamycin and 6-MP in the reporter cell lines. (A)
HepG2-HRE and A549-HRE stable cells were treated with
the indicated concentrations of DFO or CoCl, for 24 h. At
the end of treatment, cell lysates were obtained and ana-
lyzed for luciferase activity. Data shown are the mean + S.D.
of three independent experiments. (B) A549-P53RE or
A549-Nur77 promoter stable cells were treated with 0.1 ng/
ml adriamycin or 50 uM 8-MP, respectively, for the indicated
time period. At the end of treatment, cell lysates were
obtained and analyzed for luciferase activity. Data shown
are the mean + S.D. of three independent experiments. (C)
HepG2-HRE or HepG2-P53RE stable cells were treated
with 100 uM DFO for the indicated time periods or with the
indicated concentrations of adriamycin for 24 h. At the end
of treatment, the expression of luciferase transcripts was
analyzed by RT-PCR. Results shown are representatives of
at least three independent experiments.
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alkylating agent?l methionine methylsulfonium chlo-
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Chemical

Reference

Class
Phosphatase inhibitors Okadaic acid
Calcium elevators Thapsigargin

Phthalate ester

WY-14643, Dibutyl phthalate (DBP)

Chan et al., 2004; Schmidt ef a/., 1995
Korge et al., 1999
Seth, 1982; Henley et al., 2006

Diocty! phthalate (DEHP)

Protein kinase activator

Tumor
initiators and

romoters .
P Free radical generators

Alkylating agents

Phorbol 12-myristate13-acetate (TPA),
Phorbol 12,13-dicaprinate (PDD),
Phorbol 12,13-diacetate (PDA),
40-TPA, Phorbol

Dithranol, Benzoyl peroxide
Mitomycin C (MMC)

Chan et al., 2004; Verma et al., 1998

Farkas et al., 2001; Burke et al., 1983
Bradner, 2001; Begley et al., 2004

Methyl methanesulfonate (MMS)

Other promoters

Saccharin, Griseofulvin,
Thioacetamide, Methothrexate

Arni, 1989; Arnold et al., 1989;
Knasmuller et a/., 1998;
Genestier et al., 2000

Anti-oxidants
Anti-promoters
Glucocorticoids

B-Carotene, L-Ascorbic acid (ACA),
L-Ascorbic acid 6-palmitate (ACAP)

Dexamethasone (DEX)

Seifried et al., 2003; Wang et al., 1999;
Kendig et al., 2007

Ahlstrém et al., 2005
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Fig. 3. Transcriptional activities of HRE, P53RE, and Nur77 promoter are induced by known tumor initiators and promoters in
the reporter cell lines. (A) HepG2-HRE and A549-HRE, (B) HepG2-P53RE and A549-P53RE, and (C) A549-Nur77 promoter
stable cells were treated with known tumor initiators and promoters (Table 1) for 24 h. 100 M DFO, 0.1 pug/ml adriamycin, and
100 uM 6-MP were treated as positive control. At the end of treatment, cell lysates were obtained and analyzed for luciferase

activity.
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Fig. 4. Structure-activity relationship for TPA derivatives. (A)
Chemical structure of TPA derivatives. (B) HepG2-HRE and
A549-HRE cells were treated with the increasing concentra-
tions (1nM, 10nM, and 100 nM) of TPA derivatives for
24 h. 100 uM DFO was treated as positive control. At the
end of treatment, cell lysates were obtained and analyzed
for luciferase activity.
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Fig. 5. Known anti-promoters inhibit the HRE, P53RE and
Nur77 promoter activities in the stable cell lines. A549-HRE,
A549-P53RE, HepG2-P53RE, and AS549-Nur77 promoter
stable cells were treated with 100 uM B-carotene, 100 pM L-
ascorbic acid (ACA), 100 uM L-ascorbic acid, 6-paimitate
(ACAP), and 10 uM dexamethasone (DEX) for 24 h. At the
end of treatment, cell lysates were obtained and analyzed
for luciferase activity.
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