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Abstract Aryl hydrocarbon receptor nuclear translocator
(ARNT) binds to other basic helix-loop-helix Per/ARNT/
Sim (bHLH-PAS) proteins to form functional transcrip-
tional complexes in order to regulate specific biological
pathways. Here, we report a novel mechanism that upon
EGF treatment, ARNT associated with non-bHLH-PAS
transcription factors, c-Jun/Spl, and regulated gene
expression, through forming a c-Jun/ARNT/Spl complex
and binding to the Spl site of the gene promoter. EGF-
induced promoter activity and the mRNA level of 712(S)-
lipoxygenase as well as the association between c-Jun and
Spl were reduced by ARNT knockdown. Notably, domi-
nant negative c-Jun mutant, TAM-67, blocked ARNT-
mediated 12(S)-lipoxygenase expression, demonstrating
that c-Jun was responsible for the transcriptional activation.
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Moreover, ARNT knockdown also inhibited other EGF-
induced c-Jun/Spl mediated gene expression, such as
p21WAFI/CIPI - Our results reveal a novel mechanism by
which ARNT acts as a modulator to bridge the c-Jun/Spl
interaction and plays a role in EGF-mediated gene
expression under normoxic conditions.
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Introduction

Aryl hydrocarbon receptor nuclear translocator (ARNT),
also known as hypoxia-inducible factor-1f (HIF-1p), is a
member of the basic helix-loop-helix Per/ARNT/Sim
(bHLH-PAS) family of transcription factors, which can
form homo- or heterodimers with other bHLH-PAS domain-
containing proteins, such as aryl hydrocarbon receptor
(AhR), HIF-1o, and single-minded (SIM) proteins, in
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regulating downstream gene expression upon various envi-
ronmental stresses [1]. For instance, ARNT forms
heterodimers with HIF-1o and regulates the expression of
numerous genes in tumorigenesis and hypoxia [2, 3]. In
response to xenobiotics, the heterodimers of ARNT/AhR
can recognize the xenobiotic response element (XRE) of the
target gene thus promoting gene transcription, most notably
of the CYPIAI gene, which is important in detoxification
[4]. In addition, SIM-1, SIM-2, and ARNT have been
reported to be involved in the neural development of normal
embryos [5-7]. Despite the above-mentioned functions,
ARNT has recently been shown to be involved in the regu-
lation of CD30-mediated nuclear factor (NF)-xB activity
[8]. Our previous report also showed that ARNT could
associate with c-Jun in response to EGF and bind to the CRE
site of the COX-2 promoter, resulting in the transcriptional
activation of the COX-2 gene and squamous cell carcinoma
formation [9]. These findings imply a possible role of ARNT
in tumorigenesis under normoxic conditions.

Growth factors such as epidermal growth factor (EGF)
and vascular endothelial growth factor (VEGF) play
important roles in the regulation of cell growth and
tumorigenesis, by mediating gene expression [10]. EGF
receptor (EGFR) is expressed at high levels in a variety of
human tumors and has been associated with poor prognosis
and low survival rate [11]. Numerous effects of the acti-
vation of EGFR signaling pathways have been reported;
they include increased proliferation and angiogenesis and
decreased apoptosis [12]. The activation of EGFR signal-
ing leads to increased mitogen-activated protein kinase
(MAPK) activity, which results in c-Jun/Spl-mediated
induction of transcription of genes such as 12(S)-lipoxy-
genase [13, 14]. Furthermore, overexpressed 12(S)-
lipoxygenase has been reported to mediate an increase in
VEGF promoter activity and to regulate angiogenesis in
prostate cancer cells [15].

ARNT has long been regarded as a general partner to
HIF-1« in hypoxia and in mediating tumor growth. Unlike
HIF-1a, which would be degraded in normoxic conditions,
ARNT is expressed ubiquitously and constitutively in cells.
Although its functions in hypoxic conditions and in the
stimulation of xenobiotics have been largely discussed, little
is known about its role in response to growth factor activa-
tion. Growth factors play important roles in a variety of
physiological and pathophysiological functions, including
cell proliferation, differentiation, and tumorigenesis.
Therefore, we proposed that ARNT might play some role in
growth factor-induced gene expression. Thus, from a DNA
affinity precipitation assay (DAPA) carried out previously in
our work, that pulled down Spl-binding proteins after
treatment with EGF, ARNT was also precipitated. Genes
that are regulated by c-Jun/Sp1 interactions, such as 12(S)-
lipoxygenase and p21"A7"7’P1 13 16], were then studied.

In this study, the immunoprecipitation assay showed
that ARNT formed a complex with c-Jun and Spl and
participated in c-Jun/Spl-regulated gene expression.
Knocking down ARNT inhibited the interaction between
c-Jun and Spl; moreover, the binding of the c-Jun/
ARNT/Spl complex to the promoter regions was also
attenuated with the knockdown of Spl. Our results
revealed a novel mechanism by which ARNT acts as a
modulator to bridge the c-Jun/Spl interaction and plays a
role in EGF-mediated gene expression under normoxic
conditions.

Materials and methods
Cell culture

The cell line of human squamous cell carcinoma (A431),
c4 and vT2 were grown at 37°C under 5% CO, in 10-cm
plastic dishes containing 10 ml of Dulbecco’s modified
Eagle’s medium supplemented with 10% fetal bovine
serum, 100 pg/ml streptomycin, and 100 U/ml penicillin.
In this series of experiments, cells were treated with 50 ng/ml
EGF (Pepro Technology, Rocky Hill, NJ, USA) in culture
medium supplemented with 10% fetal bovine serum, unless
stated otherwise. C4 and vT2 cells origin from the same
cell type, where c4, a 3,4-benzopyrene-resistant mutant
clone (c4) of the mouse hepatoma Hepa-lclc7 cell line,
was examined for a single point mutation, leading to
replacement of Gly326 with Asp between two internal
repeats in the highly conserved PAS domain that causes the
defective function of ARNT; the vT2 cell line was derived
from c4 cell line, possesses a complete transfected ARNT
cDNA, and expresses the ARNT gene [17].

Plasmid construction

ARNT cDNA fragments were generated by polymerase
chain reaction (PCR) and were subcloned into pcDNA3.1-
myc/His vector (Invitrogen, Grand Island, NY, USA) at the
BamH T and EcoR V sites. The forward and reverse primers
were 5-CGGGATCCAT GGCGGCGACTACTG-3' and
5'-CGGATATCTTCTGAAAAGGGGGGAAAC-3', respec-
tively. C-Jun cDNA was amplified by PCR and inserted into
the BamHI and Bgl II sites in pcDNA3.1/myc-His to gen-
erate myc-c-Jun. The forward and reverse primers were
5'-CGGGATCCATGACTGCAAAGATG-3' and 5'- GGAA
GATCTTCAAAATGTTTGC-3/, respectively. The vector
sequences were confirmed by DNA sequencing. The con-
struct of N-terminal-truncated c-Jun mutant (TAM-67) was
kindly provided by Michael J Barrer of the National Insti-
tutes of Health in USA.
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Transfection of cells with plasmids and luciferase assay

Luciferase vectors bearing wild-type (pXLO-7-1) or Spl
mutants (SPM7) of 12(S)-lipoxygenase gene promoter and
pPLAS599 of cPLA, gene promoter were used [18, 19].
Transient transfection of cells with plasmids was per-
formed with Lipofectamine 2000 (Invitrogen) according
to the manufacturer’s instructions but with slight modifi-
cations. A431 cells were replated for 36 h before
transfection at a density of 3 x 10° cells in 2 ml of fresh
culture medium in a 3.5-cm plastic dish. For use in
transfection, 2 pl of Lipofectamine 2000 were incubated
with 0.5 pg of pXLO-7-1 and SPM7 luciferase plasmids,
or plasmids where indicated such as myc-ARNT, pRSV-
jun and myc-c-Jun in 1 ml of Opti-MEM medium for
30 min at room temperature. Cells were transfected by
changing medium with 1 ml of Opti-MEM containing
plasmids and Lipofectamine 2000, and then incubated at
37°C in a humidified atmosphere of 5% CO, for 24 h.
Following the change of Opti-MEM medium to 2 ml of
fresh culture medium, cells were incubated for an addi-
tional 24 h, unless stated otherwise. The luciferase
activity in cell lysate was determined as described pre-
viously [18].

Reverse transcription—PCR

Total RNA was isolated using the TRIzol RNA extraction kit
(Invitrogen), and 2.5 pg of RNA were subjected to reverse
transcription PCR with SuperScript"™II (Invitrogen). The
12(8)-lipoxygenase-specific primers (sense, 5'-CTGGG
CCACCTGGAAG-3'; antisense, 5'-GAGAGGTCGAGC
GTCT-3’), ARNT-specific primers (sense, 5-TGGGTCC
AGCCATTGCCTCT-3'; antisense, 5-CG AGCCAGGG
CACTACAGGT-3’) and GAPDH primers were used. The
PCR products were separated by 1% agarose-gel electro-
phoresis and visualized with ethidium bromide staining.

Quantitative real-time PCR

Primers specifically used for quantitative real-time PCR
were as follows: (F) 5'-CTCAGATGGAGGAATTTTTG-
3" and (R) 5-TATGTCATCCCTTTGGTAGAAG-3'. For
each reaction the PCR mixture consisted of 5 pl of 2x
SYBR® Advantage® qPCR premix (Clontech, Mountain
view, CA, USA), 4 ul of reverse transcription reaction
product, 500 nM of each forward and reverse primers and
sterile distilled water was added to a final volume of 10 pl.
Amplification and detection of specific products were
carried out on a CFX96 real-time PCR detection system
(Bio-Rad, Hercules, CA, USA).

Western blotting

The nuclear extracts of cells were prepared for western blot
analysis according to the method described [20]. An ana-
Iytical 10% sodium dodecyl sulfate polyacrylamide slab
gel electrophoresis (SDS-PAGE) was performed, and
30 pg of protein were analyzed, unless stated otherwise.
For immunoblotting, proteins in the SDS gels were trans-
ferred onto a polyvinylidene difluoride membrane by an
electroblot apparatus. Antibodies against human Spl
(Upstate, Lake Placid, NY, USA), c-Jun (Santa Cruz
Biotechology, Santa Cruz, CA, USA), phospho-c-Jun
(Santa Cruz), ARNT (Santa Cruz) and f-actin (Santa Cruz)
were used as the primary antibodies. Mouse or rabbit IgG
antibodies coupled to horseradish peroxidase were used as
secondary antibodies. An enhanced chemiluminescence kit
(Pierce, Rockford, IL, USA) was used for detection.

Coimmunoprecipitation

For this, 200 pg protein of nuclear extracts were incubated
under gentle shaking at 4°C overnight with a mixture of
anti-c-Jun, anti-Sp1 or anti-ARNT antibodies and protein A
agarose in 300 pl of immunoprecipitation buffer (20 mM
HEPES, pH 7.9, 420 mM NaCl, 1.5 mM MgCl, and 25%
glycerol (v/v), 0.5 mM phenylmethylsulfonyl fluoride,
1 mM orthovanadate, 2 pg/ml pepstatin A, and 2 pg/ml
leupeptin). Beads were pelleted at 7,500g for 2 min and
washed three times with RIPA buffer (50 mM Tris—HCI,
pH 7.5, 1% IGEPAL CA-630 (v/v), 150 mM NaCl, and
0.5% sodium deoxycholate). Protein was removed from the
beads by boiling in sample buffer (120 mM Tris—HCI, pH
6.8, 10% glycerol, 3% SDS, 20 mM DTT, and 0.4% bro-
mophenol blue) for 5 min and subjected to SDS—-PAGE on
a 10% gel. Western blot analysis was carried out as
described above.

Chromatin immunoprecipitation (ChIP) assay

Chromatin immunoprecipitation assay was performed as
previously reported [21] with minor modifications. Briefly,
A431 cells were treated with 1% formaldehyde for 15 min.
The crosslinked chromatin was sonicated to 400- to 500-bp
fragments. Lysates were precleaned with protein A beads
and incubated overnight at 4°C with antibodies specific to
ARNT (Santa Cruz), c-Jun (Santa Cruz), Spl (Upstate) or
control rabbit IgG. Immune complexes were precipitated
with protein A beads pre-absorbed with sonicated ssDNA
and BSA. After reversal of cross-linking, levels of
precipitated Spl promoter DNA were determined by
PCR. Oligonucleotides spanning the Spl binding sites
of 12(S)-lipoxygenase and p21"AF7IF1 were as follows:
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12(S)-lipoxygenase: sense, 5-GGGAAGTGTT CTCATC
TATG-3'; antisense, 5'-GGCCACTTCCAACCTTTAAA-3
and p21WAFICIPL. gense, 5'-ACCAACGCAGGCGAGGG
ACT-3'; antisense, 5'-CCGGCTCCACAAGGAACTGA-3'.
The PCR products were separated by 1% agarose-gel elec-
trophoresis and visualized with ethidium bromide staining.

DNA affinity precipitation assay (DAPA)

Quantitation of the change of c-Jun, Spl and ARNT
binding to 12(S)-lipoxygenase promoter element was
achieved by DNA affinity precipitation assay according to
the method reported previously [22]. In brief, 5'-biotinyl-
ated oligonucleotides corresponding to the promoter region
of 12(S)-lipoxygenase and p21"A* el promoters, which
sense —170 to —110 and —64 to —84 bp, respectively, and
antisense strands elements were annealed. The DNA
affinity precipitation assay was performed by incubating
2 pg of biotinylated DNA probe with 200 pg of nuclear
extract and 20 pl of streptavidin-agarose beads in phos-
phate-buffered saline at room temperature for 1 h with
rotation. Beads were collected and washed with ice-cold
phosphate-buffered saline for three times. The bound pro-
teins were eluted by loading buffer and separated by SDS—
PAGE, followed by western blot analysis probed with
specific antibodies.

Results

EGF induces formation of the c-Jun/ARNT/Spl
complex and its binding to the Spl sites of the gene
promoter

In order to investigate the factors associated with c-Jun/Spl
in the regulation of EGF-induced gene expression, nuclear-
extracted proteins from EGF-treated A431 cells were
immunoprecipitated by using Spl antibodies. The immu-
noprecipitated proteins were subsequently analyzed by
two-dimensional SDS-PAGE and were then identified by
using matrix-associated laser desorption ionization time-of
flight (MALDI-TOF) mass spectrometry. ARNT, one of
the Spl-associated proteins, was identified (data not
shown). As shown in our previous report, after treatment
with EGF, ARNT could bind with c-Jun and induce gene
expression [9]. Therefore, it was then assumed that, after
treatment with EGF, ARNT may possibly play a role in
c-Jun/Spl-mediated gene expression. To this end, western
blotting was carried out and the nuclear proteins were
extracted after being treated with EGF for various time
periods. As shown in Fig. la, EGF dramatically induced
the nuclear accumulation of c-Jun and ARNT in a time-
dependent manner, whereas the expression of Spl did not
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Fig. 1 EGF induces formation of the c-Jun/ARNT/Spl complex and
its binding to the Spl sites of the gene promoter. Cells were starved
for 18 h in serum-free culture medium and then treated with 50 ng/ml
EGF for a different time period as indicated. Nuclear extracts were
used for the following experiments. a The Sp/, ARNT and c-Jun
proteins were detected by anti-Spl, anti-ARNT and anti-c-Jun
antibodies, respectively. b—d Nuclear extracts were immunoprecip-
itated (/P) with antibodies (Ab) against Spl, ARNT and c-Jun. The
proteins were subjected to SDS-PAGE and analyzed by western
blotting with antibodies against c-Jun, ARNT and Spl. IgG was for
the negative control of antibodies. e After EGF treatment for different
time period as indicated, nuclear extracts were prepared, chromatin
immunoprecipitation (ChIP, lower panel) and DNA affinity precip-
itation assay (upper panel) were performed. Binding of Spl, ARNT
and c-Jun to Spl binding sequence of 12(S)-lipoxygenase promoter
(12-LOX-Spl) was analyzed by western blot. The streptavidin-
agarose beads were used as a nonspecific binding control. NE protein
from nuclear extracts
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change. The formation of c-Jun/ARNT/Spl complex
induced by EGF treatment was also confirmed by the
immunoprecipitation assay that used Spl antibodies
(Fig. 1b), ARNT antibodies (Fig. 1c), and c-Jun antibodies
(Fig. 1d), independently. Since EGF induced the interac-
tion among Spl, c-Jun, and ARNT, we then studied
whether the complex could bind to the Spl1 site of the gene
promoter, using Spl binding sequences as probes and
performing DAPA. As shown in Fig. le (upper panel),
EGF enhanced the binding of c-Jun and ARNT to DNA.
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The same results were obtained in ChIP assay (Fig. le,
lower panel). Thus, we confirmed that these proteins did
form a complex and that the c-Jun/ARNT/Spl complex
induced by EGF could bind to the Spl sites of 12(S)-
lipoxygenase gene promoter. These results indicated that
ARNT may be involved in EGF-regulated gene expression
through formation of the c-Jun/ARNT/Spl complex.

ARNT regulates EGF-induced 12(S)-lipoxygenase gene
expression through binding of Spl protein to the Spl
binding sites

Since the EGF-induced expression of certain genes, such
as 12(S)-lipoxygenase, is mediated through c-Jun/Spl
[13], we investigated whether ARNT of the c-Jun/ARNT/
Spl complex was involved in the EGF-induced gene
regulation. A reporter assay was then carried out to study
the effect of ARNT on EGF-induced 12(S)-lipoxygenase
expression. In Fig. 2a, overexpression of ARNT alone
induced 12(S)-lipoxygenase gene expression in a dose-
dependent manner. ARNT also enhanced the effect of
EGF on the transcriptional activation of 12(S)-lipoxyge-
nase gene (Fig. 2a). Since Spl binding sites of 72(S)-
lipoxygenase promoter are required for EGF-induced
gene expression [18], we further clarified whether ARNT-
mediated 12(S)-lipoxygenase gene expression was specific
through Spl binding sites. Luciferase vectors, pXLO-7-1,
which bears wild-type 12(S)-lipoxygenase promoter, and
SPM7, which contains mutants on the Spl binding
sequence of 72(S)-lipoxygenase promoter region, were
then used. As shown in Fig. 2b, ARNT increased the
pXLO-7-1 promoter activity of 12(S)-lipoxygenase, but it
had no effect on SPM7, indicating that a Spl binding site
is essential in ARNT-mediated 12(S)-lipoxygenase gene
expression. ARNT also cooperated with Spl to enhance
12(S)-lipoxygenase promoter activity (Electronic supple-
mentary material, ESM, Fig. 1). Furthermore, as shown
in the DAPA assay (Fig. 2c, right panel), the EGF-
induced binding of ARNT to Spl site was decreased in
the Spl knockdown cells, while the protein level of
ARNT was not affected (Fig. 2c, left panel). These
results demonstrated that Spl protein was required for
the binding of ARNT to the DNA. To further confirm the
functional role of endogenous ARNT in regulating the
EGF-induced 12(5)-lipoxygenase expression, ARNT
small interfering RNA (siRNA) oligonucleotides were
transfected into A431 cells. The mRNA expression
(Fig. 3a, b) and promoter activity (Fig. 3c) of 12(S)-
lipoxygenase induced by EGF were attenuated in ARNT-
knockdown cells. These results revealed that ARNT was
involved in the regulation of EGF-induced 12(S)-lipoxy-
genase expression through binding of Spl protein to the
Spl binding sequence.
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Fig. 2 ARNT transactivates the promoter activity of 12(S)-lipoxy-
genase. a Cells were transfected with wild-type 12(S)-lipoxygenase
promoter (pXLO-7-1), and myc-ARNT expression vector by lipofec-
tion. Cells were treated with 50 ng/ml EGF and further cultured in
fresh medium up to 18 h. The luciferase activities and protein
concentrations were then determined and normalized. Values repre-
sent means == SEM of three determinations. b Cells were transfected
with ARNT expression vector, wild-type (pXLO-7-1) and Spl sites
mutant (SPM7) of 12(S)-lipoxygenase promoter by lipofection. The
luciferase activities and protein concentrations were then determined
and normalized. Values represent means == SEM of three determina-
tions. ¢ Cells were transfected with 20 nM Sp1 siRNA by lipofection.
After EGF treatment for 3 h, nuclear extracts were prepared, DNA
affinity precipitation assay (DAPA, right panel) was performed.
Binding of Spl and ARNT to Spl binding sequence of 12(S)-
lipoxygenase promoter (/2-LOX-Spl) was analyzed by western blot.
The streptavidin-agarose beads were used as a nonspecific binding
control. NE protein from nuclear extracts

ARNT cooperates with c-Jun in the regulation
of 12(S)-lipoxygenase gene transcription

The results of our previous studies indicated that the
transcription factor c-Jun is essential for EGF-induced
12(S)-lipoxygenase gene expression [13]. Therefore, we
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Fig. 3 Effect of ARNT on EGF-induced 12(S)-lipoxygenase gene
expression. a Cells were transfected with 20 nM ARNT siRNA by
lipofection. After EGF treatment for 18 h, total RNA was extracted
for reverse transcription PCR with 12(S)-lipoxygenase (/2(S)-LOX),
ARNT and GAPDH primers. b Quantitative real-time PCR analysis of
12(S)-lipoxygenase was performed as described under “Materials and
methods”. Each column represents the mean £ SEM (n = 3). ¢ Cells
were transfected with pXLO-7-1 and various amounts of ARNT
siRNA or scramble oligonucleotides (SC) by lipofection. After EGF
treatment for 18 h, the luciferase activities and protein concentrations
were then determined and normalized. Values represent mean-
s £ SEM of three determinations. Expressions of ARNT and
p-actin proteins were analyzed by western blot analysis using
anti-ARNT and anti-f-actin antibodies, respectively

tested whether the interaction between c-Jun and ARNT
was required in the regulation of EGF-induced 12(S)-
lipoxygenase transcriptional expression. To determine this,
c-Jun siRNA was used in the 12(S)-lipoxygenase promoter
assay. Notably, the ARNT-induced 12(S)-lipoxygenase
promoter activity decreased with the knockdown of c-Jun,
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Fig. 4 Cooperation between ARNT and c-Jun on promoter activation
of 12(S)-lipoxygenase gene. a Cells were transfected with pXLO-7-1,
myc-ARNT, c-Jun siRNA and scramble oligonucleotides (SC) by
lipofection. The luciferase activities and protein concentrations were
then determined and normalized. Values represent means = SEM of
three determinations. Expressions of myc-ARNT and c-Jun proteins
were analyzed by western blot analysis using anti-ARNT and anti-c-
Jun antibodies. b Cells were transfected with various amounts of
ARNT siRNA oligonucleotides, pXLO-7-1 and myc-c-Jun by lipo-
fection. The luciferase activities and protein concentrations were then
determined and normalized. Values represent means & SEM of three
determinations. Expressions of myc-c-Jun, ARNT and f-actin proteins
were analyzed by western blot analysis using anti-c-Jun and anti-
ARNT antibodies

in a dose-dependent manner (Fig. 4a). Consistently, ARNT
siRNA also decreased the c-Jun-induced 12(S)-lipoxyge-
nase promoter activity (Fig. 4b). These results indicated
that the cooperation between c-Jun and ARNT was
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essential for 12(S)-lipoxygenase gene expression. To fur-
ther assess whether the transcriptional activity of c-Jun is
involved in ARNT-activated gene expression, the dominant
negative c-Jun TAM-67, which lacks the transactivation
domain but retains the DNA-binding and dimerization
domains [13, 23], was then used. As shown in Fig. 5a,
TAM-67 dramatically decreased ARNT-induced 72(S)-
lipoxygenase promoter activity in a dose-dependent man-
ner, indicating the involvement of the transcriptional
activity of c-Jun in ARNT-mediated gene expression.
However, the possible contribution of the transcriptional
activity of ARNT could not be ruled out, since the inhib-
itory effect of TAM-67 may also result from less
interaction between ARNT and c-Jun, thus reducing the
binding of ARNT to DNA. Therefore, we studied the
binding of TAM-67 and ARNT to the promoter of /2(S)-
lipoxygenase. As shown in Fig. 5b, from DAPA results, we
found that ARNT, TAM-67, and Spl were able to form a
protein complex and bound to Spl site upon EGF treat-
ment. Notably, TAM-67 had no effect on EGF-induced
binding of ARNT to DNA (Fig. 5b). In addition, the
transfected dominant negative mutant (TAM-67) also
competed with endogenous c-Jun for interacting with Spl
[13]. These results indicate that c-Jun, and not ARNT,
provides the transcriptional activity in the regulation of
12(S)-lipoxygenase gene expression. Binding of c-Jun to
Spl is necessary for EGF-induced 12(S)-lipoxygenase gene
expression because there are only Spl binding sites present
in the 72(S)-lipoxygenase promoter region, and not c-Jun
binding sites [13]. It was therefore interesting to evaluate
the effect of ARNT on the interaction between c-Jun and
Spl under EGF treatment. As shown in Fig. 5c, knock-
down of ARNT did not decrease phospho-c-Jun and c-Jun
expression upon EGF stimulation, but it did affect the
association between c-Jun and Sp1l (Fig. 5d). These results
demonstrated that ARNT mediated EGF-induced gene
expression by regulating the interaction between c-Jun and
Spl but not through regulating the transcriptional activity
or expression of c-Jun.

ARNT mediates other c-Jun/Spl-regulated gene
expressions

Since ARNT mediated the interaction between c-Jun and
Spl (Fig. 5d), we then checked whether ARNT was
essential for other c-Jun/Spl-regulated gene expressions
[24, 25]. The c4 cell line, which lacks functional ARNT
owing to a point mutation in the ARNT gene, and the vT2
cell line, which possesses completely transfected ARNT
cDNA, were examined in the c-Jun-induced promoter
activation. In addition, the mutated ARNT in c4 is degra-
ded more rapidly than the wild-type protein in vI2 [17]. As
shown in Fig. 6a, we found that the promoter activity of
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Fig. 5 ARNT mediates transcriptional effect of c-Jun on promoter
activation of 12(S)-lipoxygenase gene. a Cells were transfected with
pXLO-7-1, myc-ARNT and TAM-67 by lipofection. The luciferase
activities and protein concentrations were then determined and
normalized. Values represent means == SEM of three determinations.
Expression of myc-ARNT and TAM-67 proteins were analyzed by
western blot analysis using anti-ARNT and anti-c-Jun antibodies.
b Cells were transfected with TAM-67 and then treated with 50 ng/ml
EGF for 3 h. Nuclear extracts were prepared and DNA affinity
precipitation assay was performed. Binding of Sp/, ARNT and TAM-
67 to Spl probes was analyzed by western blot. ¢ Cells were
transfected with 20 nM ARNT siRNA and scramble (SC) oligonu-
cleotides and then treated with 50 ng/ml EGF for 3 h. Nuclear
extracts were prepared and the Spl, ARNT and c-Jun proteins were
detected by anti-Spl, anti-ARNT, anti-phospho-c-Jun (Ser 73) and
anti-c-Jun antibodies, respectively. d Nuclear extracts were immuno-
precipitated (IP) with antibodies (Ab) against Sp/. The proteins were
subjected to SDS-PAGE and analyzed by western blotting with
antibodies against c-Jun, ARNT and Spl. IgG indicates the negative
control of antibodies
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|

12(S)-lipoxygenase (pXLO-7-1) and cytosolic phospholi-
pase A, (cPLA599) were not activated in pRSVjun-
transfected c4 cells (the cells lacking ARNT). However,
pRSVjun significantly induced transcriptional activity of
12(S)-lipoxygenase and cPLA, in vT2 cells, which possess
ARNT expression (Fig. 6b). These results demonstrate that
the presence of ARNT is essential in c-Jun mediated gene
expression. To further confirm the importance of ARNT in
c-Jun/Spl-dependent gene expression, we knocked down
ARNT expression by siRNA and evaluated EGF-induced
p21WAFI/CIPL expression. As shown in Fig. 6¢, d, ARNT
knockdown inhibited EGF-induced p21"AF/C™! expres-
sion both at the mRNA and protein levels. Furthermore, the
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Fig. 6 ARNT is essential for c-Jun/Spl-regulated gene expression.
c4 cells (a) and vT2 cells (b) were transfected with pXLO-7-1 of
12(S)-lipoxygenase gene promoter, pPLA599 of cPLA, gene promoter
and pRSVjun by lipofection. The luciferase activities and protein
concentrations were then determined and normalized. Values repre-
sent means = SEM of three determinations. ¢ A431 cells were
transfected with 50 nM ARNT siRNA or scramble(SC ) oligonucle-
otides by lipofection. After EGF treatment for 4 h, total RNA was
extracted for reverse transcription PCR with p21"4% et Skp2,
ARNT and GAPDH primers. d A431 cells were transfected with 20 or
100 nM ARNT siRNA or scramble (SC) oligonucleotides by
lipofection. After EGF treatment for 4 h, the p21"AF¥“C™! ARNT
and Skp2 proteins were detected by anti-p21"47 1/CIPL - anti-ARNT
and anti-Skp2 antibodies, respectively. e Cells were starved for 18 h

EGF-induced c-Jun/ARNT/Spl complex could bind to the
Spl sites of the p21"AF“'"I promoter (Fig. 6e). In addi-
tion, the EGF-induced binding of c-Jun to Spl site was also
inhibited in the ARNT knockdown cells (Fig. 6f, right
panel). Spl knockdown dramatically inhibited EGF-

SiARNT = SC +
ARNT

c-Jun
Sp1

Input

in serum-free culture medium and then treated with 50 ng/ml EGF for
3 h. Nuclear extracts were prepared and DNA affinity precipitation
assay was performed. Binding of Sp/, ARNT and c-Jun to Spl binding
site of p21™WAFCIPT promoter (p21-Spl) was analyzed by western
blot. The streptavidin-agarose beads were used as a nonspecific
binding control. f Cells were transfected with 20 nM ARNT siRNA
by lipofection. After EGF treatment for 3 h, nuclear extracts were
prepared, chromatin immunoprecipitation (ChIP, right panel), and
DNA affinity precipitation assay (DAPA, left panel) was performed as
described under “Materials and methods.” Binding of Spl and ARNT
to Sp1 site of p21"A7/CIP! promoter region (p21-Spl) was analyzed
by western blot. The streptavidin-agarose beads were used as a
nonspecific binding control. NE protein from nuclear extracts

induced interaction between ARNT and p21"AF//CP!

promoter (Fig. 6f, left panel), indicating that EGF-induced
gene expression was mediated by the c-Jun/ARNT/Spl
complex through the binding of Sp1 to the Spl binding site.
Taken together, ARNT played an essential role in the
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Fig. 7 Putative transcriptional In normoxia
mechanism of ARNT
involvement in EGF-induced
gene expression. After the
stimulation of EGF in normoxia,
ARNT accumulates in the
nucleus where it interacts with
c-Jun and Spl to form c-Jun/
ARNT/Spl complex. These
complexes then bind to the Spl
site of the gene promoter
through Spl protein and turn on
relative gene expression, in
which c-Jun transcriptional
activity was required. /2-LOX
12(S)-lipoxygenase
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regulation of c-Jun/Spl-mediated gene expression by reg-
ulating the interaction between c-Jun and Spl. In summary
(Fig. 7), ARNT is a key component to bridge the c-Jun/Sp1
interaction, resulting in the formation of c-Jun/ARNT/Spl
complex to regulate EGF-induced gene expression.

Discussion

In this study, we demonstrated that ARNT, a general partner
factor for bHLH-PAS proteins, is essential in mediating
c-Jun/Spl-regulated gene expression upon EGF treatment.
Although the protein amount of c-Jun expression induced by
EGEF did not decrease in ARNT knockdown cells (Fig. 5¢),
the EGF-induced association between c-Jun and Spl was
inhibited, resulting in the attenuation of c-Jun/Sp1-mediated
gene expression (Figs. 3, 5d and 6). The requirement of
ARNT for the interaction between c-Jun and Sp1 indicates
that ARNT may play a pivotal role in the regulation of c-Jun/
Spl-dependent gene expression. In addition to the genes
mentioned in this study, such as 12(S)-lipoxygenase, cPLA,,
and p21"VAF/CIPI it is assumed that ARNT may participate
in the regulation of expression of more genes through the
regulation of c-Jun/Spl interaction. Functions of these
c-Jun/Spl-regulated target genes have been well docu-
mented. For example, 12(S)-lipoxygenase plays important
physiological roles in tumor metastasis [26, 27]. Nicotinic
acetylcholine receptors (nAChRs) are important for synaptic
transmission in the nervous system [28]. cPLA, hydrolyzes
membrane phospholipids to release arachidonic acid and
mediates cell injury [29]. Keratin 16 is the marker of
keratinocyte hyperproliferation in psoriasis [30], and
p21WAFI/CIPT odulates cyclin-dependent kinase activity
resulting in cell growth arrest or progression [31]. These
imply that ARNT in response to different stimuli may play
diverse roles in the regulation of a variety of biological
functions under normoxic conditions.

Sp1 site

Sp1 site

In hypoxic conditions, HIF-1o requires the cooperation
of ARNT to form a heterodimer and regulates several
genes involved in tumorigenesis [32]. Contrary to the
hypoxic conditions and consistent with our findings that
HIF-1« was barely detectable either in the control or in the
EGF-treated cells (data not shown), ARNT/HIF-1f, and
not HIF-1a plays a more important role in mediating cel-
lular functions under normoxic conditions. Functions of
ARNT in glucose metabolism under normoxic conditions
have been reported. Reducing ARNT levels results in
markedly impaired glucose-stimulated insulin release and
changes in gene expression which are similar to those in
human type 2 diabetes [33].

ARNT is essential for the normal functions of HIF-1a,
HIF-2¢, and AhR. These heterodimeric complexes are
required for cellular responses to hypoxia (HIF proteins) and
environmental toxins (AhR) [1, 6]. ARNT-containing
dimers have been reported to regulate the expression of
many genes. Many of these promoters have multiple
potential ARNT binding sites. Under hypoxic conditions,
HIF-10/ARNT dimers activate the transcription of a number
of target genes whose promoters contain the binding motif
termed as the hypoxia-responsive element (HRE) [34]. In
response to environmental pollutants, such as dioxin, AhR
translocates to the nucleus and binds with ARNT to form
heterodimers, which then specifically bind to the XRE of the
CYPIAI gene promoter region. Interestingly, ARNT also
regulates the transcriptional activation of genes that do not
contain ARNT binding sites, such as 12(S)-lipoxygenase
and p21 WAFICIPI in this study. This indicates that gene
expression may be regulated by ARNT either directly
through the binding of the heterodimers to the DNA or
indirectly through the interaction with other transcriptional
factors. Itis intriguing that, since ARNT is a partner for other
transcription factors, cross-talks between the ARNT medi-
ated genes regulation might take place. A recent report from
Sutter has demonstrated that EGFR signaling competes
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binding of p300 and interferes with AhR-mediated differ-
entiation in keratinocytes [35]. In order to clarify whether
ARNT plays a role in the cross-talk between TCDD- and
EGF-induced gene expression. A431 cells were treated with
TCDD and EGF separately to study whether TCDD could
turn on 12(S)-lipoxygenase gene expression or whether EGF
has any effects on the CYP1A1 gene expression. In ESM
Fig. 2, the RT-PCR result demonstrated that EGF was not
able to induce CYPIA1 gene expression. In addition, the
promoter assay revealed that TCDD did not significantly
induce 12(S)-lipoxygenase promoter activity even in higher
dose of TCDD such as 10 nM (Supplementary Fig. 3). It is
therefore quite clear that although ARNT can form tran-
scriptional complex with other transcription factors, upon
specific stimuli, ARNT associates with different partners to
turn on specific gene expression. In addition, EGF induces
c-Jun/ARNT protein complex formation and binds to cAMP
response element (CRE) on the COX-2 promoter region,
thus resulting in an increase in gene expression [9]. Since the
Spl site is not required for EGF-induced COX-2 promoter
activity, the activation of COX-2 gene was mediated through
c-Jun/ARNT complex rather than c-Jun/ARNT/Spl media-
tion. It is interesting, however, that in this study EGF
induced the formation of c-Jun/ARNT/Spl complex for-
mation and turned on 12(S)-lipoxygenase and p21"AF//CIP1
gene expression through binding to Spl site. Thus, the
mechanism of ARNT-associated protein complex in regu-
lating gene expression is also dependent on the responsive
element presenting on the gene promoter region.

ARNT has transactivation domains in the C-terminus
and could drive gene expression by its transcriptional
activity [1]. In this study, we found that the function of
ARNT in the regulation of gene expression was through
regulating the interaction between c-Jun and Spl. Because
c-Jun in the c-Jun/ARNT complex possesses the tran-
scriptional activity that regulated the transcriptional
activation of the gene (Fig. 5), we concluded that ARNT
acts as a bridge, mediating the binding between c-Jun and
Spl. Association between c-Jun and Spl was identified by
in vitro and in vivo experiments [13, 16]. However, in the
current study, we observed no interaction between c-Jun
and Spl in ARNT knockdown cells (Figs. 5d, 6f). These
results implied that c-Jun might not directly bind to Spl
upon growth factor stimulation and needs the mediation of
other cofactors such as ARNT. Therefore, we concluded
that, without the presence of the DNA binding sequence,
ARNT could still mediate gene expression by recruiting
transcription factors c-Jun and Spl upon growth factor
stimulation and thus activate specific gene expression.

It is well documented that the post-translational modifi-
cations of proteins play an important role in the regulation of
protein—protein interactions. Recently, we found that protein
phosphotase 2B (PP2B)-mediated dephosphorylation of

c-Jun at the C-terminus regulates c-Jun/Sp1 interaction [36].
Since both ARNT and PP2B regulate the interaction
between c-Jun and Spl, we raised the hypothesis that the
dephosphorylation of c-Jun by PP2B might be essential for
c-Jun and ARNT association. It has been reported that the
sumoylation of ARNT inhibits its ability to interact with
cooperative transcriptional proteins [37]. In addition, EGF
also stimulates the phosphorylation of ARNT in the nucleus
[9], implying that a posttranslational modification may be
involved in the nuclear localization of ARNT as well as the
c-Jun/ARNT/Spl complex formation, resulting in an
increase in [12(S)-lipoxygenase and p21WAF1/ ciel gene
expression. Thus, whether the posttranslational modification
of ARNT is the key factor in regulating its binding or
association to various transcription factors upon different
stimuli remains to be elucidated.

Although HIF-1« is overexpressed in most tumors, some
tumors do not stain positive for it [38]. Alternatively, other
bHLH-PAS transcription factors that may have biological
properties similar to that of HIF-1e, such as HIF-2o or HIF-30,
may also mediate hypoxic adaptation. Consistent with this
hypothesis, in this study, we revealed that ARNT, in place
of HIF-1a, mediated c-Jun/Sp1-dependent gene expression
in normoxic conditions. Since tumorigenesis usually starts
in normoxic conditions, we concluded that ARNT may
regulate tumorigenesis under normoxic conditions. In our
recent study, we found that ARNT also regulates EGF-
induced COX-2 gene expression, resulting in cell migra-
tion, which is highly correlated with tumorigenesis [9]. In
conclusion, our results revealed a novel regulatory mech-
anism, apart from forming dimers with other bHLH-PAS
members, in which ARNT acts a modulator to bridge the
c-Jun/Spl interaction and plays a role in EGF-mediated
gene expression under normoxic conditions. This broadens
the role that ARNT plays in physiological and patho-
physiological functions.

Acknowledgments This work was supported by grant NSC
98-2320-B-006-014 from the National Science Council of the
Republic of China and by the National Cheng Kung University
Project of Promoting Academic Excellence and Developing World-
Class Research Centers.

References

1. Kewley RJ, Whitelaw ML, Chapman-Smith A (2004) The
mammalian basic helix-loop-helix/PAS family of transcriptional
regulators. Int J Biochem Cell Biol 36:189-204

2. Maltepe E, Schmidt JV, Baunoch D, Bradfield CA, Simon MC
(1997) Abnormal angiogenesis and responses to glucose and
oxygen deprivation in mice lacking the protein ARNT. Nature
386:403-407

3. Carmeliet P, Dor Y, Herbert J-M, Fukumura D, Brusselmans K,
Dewerchin M, Neeman M, Bono F, Abramovitch R, Maxwell P,



ARNT regulates c-Jun/Spl-mediated gene expression

3533

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Koch CJ, Ratcliffe P, Moons L, Jain RK, Collen D, Keshet E
(1998) Role of HIF-1[alpha] in hypoxia-mediated apoptosis, cell
proliferation and tumour angiogenesis. Nature 394:485-490

. Denison MS, Nagy SR (2003) Activation of the aryl hydrocarbon

receptor by structurally diverse exogenous and endogenous
chemicals. Annu Rev Pharmacol Toxicol 43:309-334

. Woods SL, Whitelaw ML (2002) Differential activities of

murine single minded 1 (SIM1) and SIM2 on a hypoxic
response element. Cross-talk between basic helix-loop-helix/per-
Arnt-Sim  homology transcription factors. J Biol Chem
277:10236-10243

. Kozak KR, Abbott B, Hankinson O (1997) ARNT-deficient mice

and placental differentiation. Dev Biol 191:297-305

. Moffett P, Pelletier J (2000) Different transcriptional properties

of mSim-1 and mSim-2. FEBS Lett 466:80-86

. Wright CW, Duckett CS (2009) The aryl hydrocarbon nuclear

translocator alters CD30-mediated NF-kappaB-dependent tran-
scription. Science 323:251-255

. Chang KY, Shen MR, Lee MY, Wang WL, Su WC, Chang WC,

Chen BK (2009) Epidermal growth factor-activated aryl hydro-
carbon receptor nuclear translocator/HIF-1{beta} signal pathway
up-regulates cyclooxygenase-2 gene expression associated with
squamous cell carcinoma. J Biol Chem 284:9908-9916

van Cruijsen H, Giaccone G, Hoekman K (2005) Epidermal
growth factor receptor and angiogenesis: opportunities for com-
bined anticancer strategies. Int J Cancer 117:883-888

Salomon DS, Brandt R, Ciardiello F, Normanno N (1995) Epi-
dermal growth factor-related peptides and their receptors in
human malignancies. Crit Rev Oncol Hematol 19:183-232
Yarden Y, Sliwkowski MX (2001) Untangling the ErbB signaling
network. Nat Rev Mol Cell Biol 2:127-137

Chen BK, Chang WC (2000) Functional interaction between
c-Jun and promoter factor Spl in epidermal growth factor-
induced gene expression of human 12(S)-lipoxygenase. Proc Natl
Acad Sci USA 97:10406-10411

Chen BK, Kung HC, Tsai TY, Chang WC (2000) Essential role
of mitogen-activated protein kinase pathway and c-Jun induction
in epidermal growth factor-induced gene expression of human
12-lipoxygenase. Mol Pharmacol 157:153-161

Nie D, Krishnamoorthy S, Jin R, Tang K, Chen Y, Qiao Y,
Zacharek A, Guo Y, Milanini J, Pages G, Honn KV (2006)
Mechanisms regulating tumor angiogenesis by 12-lipoxygenase
in prostate cancer cells. J Biol Chem 281:18601-18609
Kardassis D, Papakosta P, Pardali K, Moustakas A (1999) c-Jun
transactivates the promoter of the human p21(WAF1/Cipl) gene
by acting as a superactivator of the ubiquitous transcription factor
Spl. J Biol Chem 274:29572-29581

Numayama-Tsuruta K, Kobayashi A, Sogawa K, Fujii-Kuriyama
Y (1997) A point mutation responsible for defective function of
the aryl-hydrocarbon-receptor nuclear translocator in mutant
Hepa-1clc7 cells. Eur J Biochem 246:486-495

Liu YW, Arakawa T, Yamamoto S, Chang WC (1997) Tran-
scriptional activation of human 12-lipoxygenase gene promoter is
mediated through Spl consensus sites in A431 cells. Biochem J
324:133-140

Tsou JH, Chang KY, Wang WC, Tseng JT, Su WC, Hung LY,
Chang WC, Chen BK (2008) Nucleolin regulates c-Jun/Spl-
dependent transcriptional activation of cPLA2alpha in phorbol
ester-treated non-small cell lung cancer A549 cells. Nucleic
Acids Res 36:217-227

Andrews NC, Faller DV (1991) A rapid micropreparation tech-
nique for extraction of DNA-binding proteins from limiting
numbers of mammalian cells. Nucleic Acids Res 19:2499
Saccani S, Pantano S, Natoli G (2001) Two waves of nuclear
factor {kappa}B recruitment to target promoters. J Exp Med
193:1351-1360

22.

23.

24.

25.

26.

217.

28.

29.

31.

32.

33.

34.

35.

36.

37.

38.

Zhu Y, Saunders MA, Yeh H, Deng W-g, Wu KK (2002)
Dynamic regulation of cyclooxygenase-2 promoter activity by
isoforms of CCAAT/enhancer-binding proteins. J Biol Chem
277:6923-6928

Dong Z, Crawford HC, Lavrovsky V, Taub D, Watts R, Matrisian
LM, Colburn NH (1997) A dominant negative mutant of jun
blocking 12-O-tetradecanoylphorbol-13-acetate-induced invasion
in mouse keratinocytes. Mol Carcinog 19:204-212

Blaine SA, Wick M, Dessev C, Nemenoff RA (2001) Induction of
cPLA2 in lung epithelial cells and non-small cell lung cancer is
mediated by Spl and c-Jun. J Biol Chem 276:42737-42743
Kardassis D, Papakosta P, Pardali K, Moustakas A (1999) c-Jun
transactivates the promoter of the human p21WAF1/Cipl gene by
acting as a superactivator of the ubiquitous transcription factor
Spl. J Biol Chem 274:29572-29581

Timar J, Raso E, Dome B, Li L, Grignon D, Nie D, Honn KV,
Hagmann W (2000) Expression, subcellular localization and
putative function of platelet-type 12-lipoxygenase in human
prostate cancer cell lines of different metastatic potential. Int J
Cancer 87:37-43

Pidgeon GP, Lysaght J, Krishnamoorthy S, Reynolds JV, O’Byrne
K, Nie D, Honn KV (2007) Lipoxygenase metabolism: roles in
tumor progression and survival. Cancer Metastasis Rev 26:503—
524

Cordero-Erausquin M, Marubio LM, Klink R, Changeux JP
(2000) Nicotinic receptor function: new perspectives from
knockout mice. Trends Pharmacol Sci 21:211-217

Leslie CC (1997) Properties and regulation of cytosolic phos-
pholipase A2. J Biol Chem 272:16709-16712

. Leigh IM, Navsaria H, Purkis PE, McKay IA, Bowden PE, Riddle

PN (1995) Keratins (K16 and K17) as markers of keratinocyte
hyperproliferation in psoriasis in vivo and in vitro. Br J Dermatol
133:501-511

Cheng M, Olivier P, Diehl JA, Fero M, Roussel MF, Roberts JM,
Sherr CJ (1999) The p21(Cipl) and p27(Kipl) CDK ‘inhibitors’
are essential activators of cyclin D-dependent kinases in murine
fibroblasts. EMBO J 18:1571-1583

Giaccia A, Siim BG, Johnson RS (2003) HIF-1 as a target for
drug development. Nat Rev Drug Discov 2:803-811

Gunton JE, Kulkarni RN, Yim S, Okada T, Hawthorne WJ, Tseng
Y-H, Roberson RS, Ricordi C, O’Connell PJ, Gonzalez FJ, Kahn
CR (2005) Loss of ARNT/HIF1[beta] mediates altered gene
expression and pancreatic-islet dysfunction in human type 2
diabetes. Cell 122:337-349

Semenza GL (2001) Hypoxia-inducible factor 1: oxygen
homeostasis and disease pathophysiology. Trends Mol Med
7:345-350

Sutter CH, Yin H, Li Y, Mammen JS, Bodreddigari S, Stevens G,
Cole JA, Sutter TR (2009) EGF receptor signaling blocks aryl
hydrocarbon receptor-mediated transcription and cell differenti-
ation in human epidermal keratinocytes. Proc Natl Acad Sci USA
106:4266-4271

Chen BK, Huang CC, Chang WC, Chen YJ, Kikkawa U,
Nakahama K-i, Morita I, Chang WC (2007) PP2B-mediated
dephosphorylation of c-Jun C terminus regulates phorbol ester-
induced c-Jun/Spl interaction in A431 cells. Mol Biol Cell
18:1118-1127

Tojo M, Matsuzaki K, Minami T, Honda Y, Yasuda H, Chiba T,
Saya H, Fujii-Kuriyama Y, Nakao M (2002) The aryl hydrocar-
bon receptor nuclear transporter is modulated by the SUMO-1
conjugation system. J Biol Chem 277:46576-46585

Zhong H, De Marzo AM, Laughner E, Lim M, Hilton DA,
Zagzag D, Buechler P, Isaacs WB, Semenza GL, Simons JW
(1999) Overexpression of hypoxia-inducible factor lalpha in
common human cancers and their metastases. Cancer Res
59:5830-5835



	Involvement of aryl hydrocarbon receptor nuclear translocator in EGF-induced c-Jun/Sp1-mediated gene expression
	Abstract
	Introduction
	Materials and methods
	Cell culture
	Plasmid construction
	Transfection of cells with plasmids and luciferase assay
	Reverse transcription--PCR
	Quantitative real-time PCR
	Western blotting
	Coimmunoprecipitation
	Chromatin immunoprecipitation (ChIP) assay
	DNA affinity precipitation assay (DAPA)

	Results
	EGF induces formation of the c-Jun/ARNT/Sp1 complex and its binding to the Sp1 sites of the gene promoter
	ARNT regulates EGF-induced 12(S)-lipoxygenase gene expression through binding of Sp1 protein to the Sp1 binding sites
	ARNT cooperates with c-Jun in the regulation of 12(S)-lipoxygenase gene transcription
	ARNT mediates other c-Jun/Sp1-regulated gene expressions

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


