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the c-fos gene is strongly upregulated by MITF in
primary melanocytes (McGill et al., 2002). In agreement
with this notion, STAT3 was frequently phosphorylated
in several human melanoma cell lines (Figure 3a).
However, while B16 and SKMel cells are negative for
STATS3 phosphorylation, the same cells do express c-fos.
Apparently, STAT3-independent mechanism of c-fos
induction is present in these melanoma cells. Finding
such mechanisms of c-fos expression in these cells may
provide a new clue for understanding the role of c-fos
for the generation of melanomas.

Promoter analysis and ChIP assay indicated that
STAT3 and MITF can bind to the c-fos promoter and
activate this promoter independently. Reporter gene
analysis suggested that the effect of MITF and STAT3
on the c-fos promoter are additive rather than coopera-
tive (Figure 5b). This is consistent with our observation
that there is no direct physical interaction between
MITF and STAT3. Nevertheless, high levels of c-fos
expression and transformation of NIH-3T3 cells are
dependent on both STAT3 and MITF. In addition to
promoter activation, another mechanism of c-fos
expression, such as stabilization of ¢-fos mRNA, may
present in the cooperative effect of STAT3 and MITF.
Furthermore, a previous report demonstrated that wt-
and mi-MITF bind to the c-Fos protein. In particular,
mi-MITF prevents c-Fos from being transported to the
nucleus, and this may be a reason for the osteopetrosis
of mi/mi mutant mice (Sato et al., 1999). wt-MITF was
also shown to bind to c-Jun and enhance the transacti-
vation of the MMCP-7 gene, while complexes of mi-
MITF and c-Jun were predominantly found in the
cytoplasm and suppressed transactivation (Ogihara
et al., 2001). Thus, MITF could be involved in AP-1
activation not omly by inducing c-fos but also by
interacting with AP-1 itself. The fact that a dominant-
negative AP-1 (SupJunD}) suppressed colony formation
of transformants expressing both MITF and STAT3C
suggests that AP-1 can be a therapeutic target of
melanoma.

In addition to c-fos, we found several interesting genes
that are cooperatively induced by STAT3 and MITF
(Figure 4a). GTP cyclohydrase-1 and mast cell proteases
are probably involved in melanocyte and mast cell
functions. PMEL17 is also known as an MITF-
inducible pigment cell-specific gene and a melanosomal
matrix protein, which may function as a structural
protein in melanogenesis (Kobayashi et al, 1994).
JE and A7 are chemokines that are induced by
immunoglobulin (Ig) E plus antigen stimulation in
mast cells. (Burd et al., 1989; Kulmburg et al., 1992;
Ong et al, 1993). Therefore, STAT3/MITF target
genes are strongly linked te the function of mast
cells and melanocytes, which constitutively express
MITF. This finding implies that STAT3 (or other
STATs) may be involved in mast cell and melanocyte
functions by inducing genes in cooperation with
MITF. It is interesting that IL3, which activates STATS,
is a mast cell growth factor in vitro. The functions of
STATs in mast cells and melanocytes are under
investigation.
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Materials and methods

Cell culture and transfection

NIH3T3 and HEK293 cells were cultured in Dulbecco’s
modified Eagle’s medium supplemented with 10% CS.
STAT3C-transformed 3T3 (STAT3C-3T3) cells (Yoshida
et al., 2002) were cultured in DMEM supplemented with
10% CS containing 0.8 mg/ml G418. PLAT-E, a packaging
cell line (Morita ef al., 2000) was maintained in DMEM with
10% FCS containing blasticidin S (10mg/ml) and puromycin
(1 mg/ml). Melanoma cell lines were cultured in the following
medium containing 10% FCS, B16 and BI6F10 in RPMI
1640, G361 and SKMel28 in MEM, HMV-II in Ham’s F12,
and MMAc in DMEM. MC9, a mast cell line, was cultured in
RPMI 1640 supplemented with 5% FCS, 50 uMm 2-mercap-
toethanol, and 6ng/ml mouse recombinant IL-3. Cells were
transfected by the calcium phosphate method with Cell Phect
{Amersham) or by the lipofection method with FuGENE 6
(Roche). For retrovirus-mediated gene expression, NIH3T3
cells were infected with the retroviruses produced by PLAT-E
as reported (Sasaki et al, 2003). B16, B16F10, G361, and
SKMel 28 cell lines were kindly provided by Dr Yonemitsu
(Kyushu University, Japan).

Library screening

Retroviruses containing the human HeLla retroviral cDNA
library (CLONTECH, Palo Alto, CA, USA) were produced
from PLAT-E and | x 10° STAT3C-3T3 cells were infected
with 10 ml of the retroviral supernatant containing 10mg/ml
polybrene. After 48 h of virus transduction, STAT3C-3T3 cells
were seeded in soft-agar medium. Within 3 weeks, two colonies
were picked up and expanded, and genomic DNA was
isolated. Integrated cDNAs were recovered by PCR using a
pair of primers (FWD, 5-AGCCCTCACTCCTTCT CTAG,
and REV, 5-ATGGCGTTACTTAAGCTAGCTTGC-
CAAACCTAC) and sequenced.

Colony formation in soft-agar

The MITF-infected 3T3 and STAT3C-3T3 cells were seeded
into 35-mm dishes in suspensions of 0.36% Agar noble (Difco)
in DMEM supplemented with 10% CS on top of a bed of
0.72% Agar noble in the same complete medium. The MITF-
infected STAT3C-3T3 cells were inoculated with a retrovirus
of dominant-negative AP-1 or an empty vector (Ui er al.,
2000}, selected with puromycin, and plated into soft-agar
medium. The cultures were incubated for 21 days and then the
colonies were counted and photographed.

Construction of MITF

The cDNAs of wt-, AN-, and mi-MITF were subcloned into a
bicistronic retrovirus vector pMX-IRES-EGFP (Nosaka et al.,
1999) or a pcDNA3? expression vector.

Retrovirus of dominant-negative AP-1

The control virus (pBabe-IRESpuro) and the SupJunD-1 virus
(pBabe-SupJunD-1-IRESpuro) as a dominant-negative AP-1
were generated as described (Ui er al., 2000). After infection,
STAT3C-3T3 cells were cultured with 2mg/m| puromycin.

High-density oligonucleotide microarray analysis

RNA was extracted by standard methods. Cells were lysed
directly in their Petri dishes in TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) and total RNA was isolated according to



the manufacturer’s instructions. cRNA preparation and
microarray hybridization were carried out according to the
supplier’s instructions (Affymetrix, Santa Clara, CA, USA),
using Genechip HG-U95Av2. Scanned output files were
analysed by the probe level analysis package, Microarray
Suite MAS 5.0 (Affymetrix, Santa Clara, CA, USA). The
signal for each of these genes was determined from the ‘probe
set” in use for this gene and by the probe level analysis method
provided by Affymetrix software.

Northern Blotting analysis and RT-PCR

Total RNA (10pg) extracted from cells using TRIzol was
evaluated by Northern blotting analysis with digoxigenin-
labeled antisense RNA of c-fos and G3PDH labeled with the
DIG RNA Labeling Kit (Roche). To determine the microarray
data, 1pg of total RNA was reverse-transcribed with the
Reverse Transcribed Kit (Roche) and RT-PCR was performed
with primers as follows: mouse MITF, 5-GGAACAGCAAC-
GAGCTAAGG and 5-TGATGATCCGATTCACCAGA;
human MITF, 5-AGAACAGCAACGCGCAAAAGAAC
and TGATGATCCGATTCACCAAATCTG; mouse GTP
cyclohydrorase, 5-GGCTGCTTACTCGTCCATTC and AG
GTGATGCTCACACATGGA; mouse JE, AGGTCCCTGT
CATGCTTCTG and TCTGGACCCATTCCTTCTIG;
mouse PMEL17 CAGGGGTCTAACTGCTGGAG and TT
CGGAGGTTTAGGACCAGA; mouse MRP8, GGAAAT
CACCATGCCCTCTA and TGGCTGTCTTTGTGAGAT
GC; mouse MARC, TCTGTGCCTGCTGCTCATAG and
CTTTGGAGTTGGGGTTTTCA; and mouse MCPL, GCA

CTTCTCTTGCCTTCTGG and TGTGCAGCAGTCATCA

CAAA.
Western blotting analysis

Cells were lysed in a lysis buffer (50mM Tris-HCl pH 7.4,
150mM NaCl, 0.5% or 1% NP-40, !mM EDTA, 1mM
vanadate, 50mM NaF, 1mM DTT, 0.0lmM APMSF) and
centrifuged at 12000g for 10min, The supernatants were
resolved on SDS-PAGE of 10% gels, blotted, and immunos-
tained with an anti-phospho STAT3 (Tyr705) polyclonal
antibody (Cell Signaling Technology) and an anti-STAT3
polyclonal antibody (Santa Cruz Biotechnology).

Luciferase assay

An APRE-luciferase reporter gene for STAT3 activity and a
reporter gene construct containing MITF-responsive mMCP-6
(mouse mast cell protease) luciferase have been described
previously (Morii et al., 1996; Yasukawa et al., 1999), A c-fos
promoter—reporter gene consisting of the c-fos promoter
region containing SIE, SRE, and several potential MITF-
binding motifs (Tsujimura et al, 1996) is also described
(Shibuya et af., 1994, Kawahara et al., 1995; Kim et al., 1998).
Luciferase assays were carried out using the dual-luciferase
reporter system (Promega). The expression plasmid of STAT3-
C in pReCMV was Kindly provided by Dr JE Darnell Ir
(Bromberg et al., 1999).

Nuclear extract preparation and oligonucleotide-binding assay

293T cells (1.5 x 107) were transfected with Myc-AN-MITF
and STAT3C were stimulate with LIF for 6h. Cells were
collected and resuspended in 0.4m! of buffer A (10mM
HEPES-KOH (pH 7.8), 10mM KCl, 0.1mM EDTA, 0.4%
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NP-40, 1mM DTT, 0.5mM APMSF, 2 ug/ml leupeptin, and
1'mM NazVO,). After a brief vortexing and centrifugation, the
supernatant was discarded and the nuclei-containing pellet was
resuspended in 0.05ml of buffer C (50 mM HEPES-KOH (pH
7.8}, 420mM NaCl, 5mmM MgCl;, 0.1 mM EDTA, 2% glycerol,
lmM DTT, 0.5mM APMSF, 2ug/ml leupeptin, and 1mM
Na;VO,) at 4°C for 30min. The suspension was pelleted by
centrifugation and the supernatants were collected and stored
at ~80°C until use. Oligonucleotide-conjugated beads were
prepared using the DNA-binding protein purification kit
{(Roche) according to the manufacturer’s protocol. In brief,
the scnse and antisense oligonucleotide of the human c¢-fos
promoter sequence, including the SIE and SRE regions (5-C
AGTTCCCGTCAATCCCTCCCCCCTTACACAGGATGTC
CATATTAGGACATCTGC-3') were annealed, and they were
ligated with the washed streptavidin magnetic particles for
30min at 25°C. After ligation was carried out, the particles were
washed using a magnetic separator and mixed with 100 ug of the
nuclear extract for 30min at 25°C. Then, the particles were
washed and the DNA-binding proteins were eluted. The elutates
were pelleted with trichloroacetic acid solution, and analysed by
immunoblotting with anti-STAT3 and anti-Myc antibodies.

ChIP assay

For ChIP assay, 243T cells (5 x 10°) were fixed with 1%
formaldehyde for 10 min at 37°C, washed with PBS, and lysed
in ChIP lysis buffer {Upstate Biotechnology, Lake Placid, NY,
USA). DNA was sonicated by pulsing five times. Anti-
acetylated histone H4 (Ubpstate), anti-STAT3 (Sigma), or
anti-MITF monoclonal antibody (Oncogene), and anti-MITF
polyclonal antibody (Santa Cruz Biotechnology) was added
(Spg-20pg per immunoprecipitation) and incubated
overnight. Protein A-agarose beads (Upstate Biotechnology)
were added for 1h and then washed once each with a
low-salt buffer, high-salt buffer, and LiCl buffer. They were
then washed twice with a TE buffer. The beads were eluted
with 0.1M NaHCO3 and 1% SDS, and crosslinks were

reversed at 65°C. DNA was_ethanol precipitated in the_
presence of 20ug glycogen. PCR was carried out using'

primers specific to the promoter region of mouse c-fos
(FWD, 5-TCTGCCTTTCCCGCCTCCCC, and REV,
¥-GGCCGTGGAAACCTGCTGAC) for NIH3T3, and
human c-fos (FWD, 5'-CCCGACCTCGGGAACAAGGG,
and REV, 5-~ATGAGGGGTTTCGGGGATGG) for HMV-
I1, or (FWD, ¥-TCTCATTCTGCGCCGTTCCC, and REV,
¥-GGCCGTGGAAACCTGCTGAC) for G361,
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