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Abstract
Vascular endothelial growth factor (VEGF) has been implicated in breast tumor angiogenesis. And
tumor necrosis factor-α (TNF-α) is a positive regulator of VEGF. This study was aimed to
identify the signalling pathway of TNF-α in VEGF expression regulation in breast cancer cell line
MCF7. Using luciferase reporter assays, we demonstrated that TNF-α significantly increased
activator protein-1 (AP-1) transcriptional activity in the MCF7 cells. The expression of the AP-1
family members c-Jun, c-Fos and JunB and phosphorylation levels of c-Jun were upregulated by
TNF-α, whereas other AP-1 family members Fra-1, Fra-2, and JunD were unaffected. The
activation of AP-1 was associated with the formation of p-c-Jun-c-Jun and p-c-Jun-JunB
homodimers. Furthermore, the phosphorylation levels of c-Jun N-terminal kinase (JNK) but not
P38 and ERK were elevated by TNF-α in MCF7 cells. TNF-α potently upregulated the mRNA
and protein levels of VEGF, which were significantly reversed by JNK inhibitor SP600125.
Finally using chromatin immunoprecipitation (CHIP) assays, we found that p-c-Jun bound to the
VEGF promoter and regulated VEGF transcription directly. These data suggest that the pro-
inflammatory cytokine TNF-α is a critical regulator of VEGF expression in breast cancer cells, at
least partially via a JNK and AP-1 dependent pathway.
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1. Introduction
Vascular endothelial growth factor (VEGF) is a potent endothelial mitogen that is
upregulated in a number of tumor types, including breast cancer [1,2]. Because it can
stimulate macrophage migration [3], VEGF appears to be important for breast cancer growth
and neovascularization. The VEGF promoter region includes several potential binding sites
for the transcription factors SP-1, AP-1 and AP-2 [4]. Hypoxia up-regulates VEGF via the
binding of hypoxia inducible factor-1 (HIF-1) to a hypoxia response element in the VEGF
promoter [5]. VEGF gene expression is also enhanced by cytokines such as TNF-α, EGF,
PDGF and TGF-β [6].

The cytokine TNF-α appears to have different roles depending upon whether it is studied
during breast cancer pathogenesis or when used as a therapeutic agent. High-dose local
administration of TNF-α selectively destroys tumor blood vessels, and has powerful anti-
cancer actions [7]. However, when TNF-α is chronically elevated endogenously during
breast cancer development, it appears to act as a tumor enhancer, contributing to the tissue
remodeling and stromal development necessary for tumor growth and spread [8]. The effects
of TNF-α are mediated by several signal transduction pathways, including the NF-κB
pathway and mitogen-activated protein kinase (MAPK) pathways. TNF-α has also been
shown to acts as positive regulator of VEGF in human glioma cells [9], although the details
of their relationship in breast cancer pathogenesis are not yet clear.

AP-1 is known to be involved in the TNF-α receptor signalling pathway, enabling TNF-α to
influence the expression of many genes [10], some of which may be important in tumor
invasion [8]. The AP-1 complex is composed of heterodimers of members of the Jun (c-Jun,
JunB and JunD) and Fos (c-Fos, FosB, Fra-1 and Fra-2) families, or Jun-Jun homodimers
[11–13]. In particular, c-Jun has been implicated in events leading to tumor development
[14], whereas c-Fos appears to be involved in the malignant conversion of benign
papillomas [15].

The activation of AP-1 is mediated by at least two regulatory events [16,17]. First, some
AP-1 proteins (e.g. c-Jun) are encoded by immediate early genes that are transcriptionally
induced following treatment. Second, AP-1 activity can also be regulated by post-
translational modification, including phosphorylation by MAPKs. The MAPK family
comprises the extracellular signal regulated kinase (ERK), p38 MAPK and c-Jun NH2-
terminal kinase (JNK). However, the exact mechanism of specific condition or treatment on
AP-1 activation and the relative role of different MAPKs in these processes are diverse.
TNF-α regulates AP-1 activity, in part, by increasing the expression of members of the Jun
and Fos families. An important role for the JNK signalling pathway in AP-1 activation by
TNF-α has also been proposed [18]. Although some links have been made between TNF-α
and the activation of JNK and AP-1, it remains unclear whether these events are linked to
TNF-α-mediated VEGF expression in breast cancer.

This study was designed to identify the signalling pathway of VEGF expression regulation
in the MCF7 breast cancer cell line. Our results demonstrate, for the first time, that the
inflammatory cytokine TNF-α is a critical regulator of VEGF expression in breast cancer
cells through the JNK/AP-1 dependent pathway.

2. Materials and methods
2.1. Reagents

TNF-α was from R&D Laboratories, Inc. (Minneapolis, MN, USA). DMSO was from
Pierce (Rockford, IL, USA). Antibodies against c-Jun (H-79), JunD (329), JunB (N-17), c-
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Fos (H-125), Fra-1 (N-17), Fra-2 (L-15) and FosB (102) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Ser63-phosphorylated-c-Jun and Ser73-
phosphorylated-c-Jun antibodies were from Cell Signalling Technology (New England
Biolabs, Beverly, MA, USA) and Upstate Biotechnology (Lake Placid, NY, USA),
respectively. The Dual-Luciferase reporter assay system was purchased from Promega
(Madison, WI, USA). The Plasmid extraction and DNA Gel extraction kits were purchased
from Qiagen (Hilden, Germany). Fugene 6 was purchased from Roche (Indianapolis, IN,
USA).

2.2. Cell culture
MCF7 cells were purchased from American Type Culture Collection (Manassas, VA, USA)
and were maintained in Dulbecco’s Modified Eagle Medium (DMEM) with 10% fetal
bovine serum (FBS, Hyclone), 2 mM L-glutamine, 50 units/ml penicillin and 50 µg/ml
streptomycin. The cells were incubated at 37 °C in a humidified atmosphere containing 95%
air and 5% CO2.

2.3. MTT assay
Cytotoxicity and cell survival was determined by MTT assay. Briefly, about 15,000 cells per
well were plated on 96-well plates. The next day, cells were treated with TNF-α (20 ng/ml)
and incubated at 37 °C for 24–48 h. 10 µl MTT was then added to each well and the plates
were incubated at 37 °C for an additional 3 h. At the end of the incubation, 0.1 ml DMSO
was added to each well to dissolve the formazan crystals and the absorbance was read at 570
nm in a microplate reader. All assays were done in triplicate and were repeated three times.

2.4. Transient transfection and luciferase reporter assay
The AP-1 luciferase reporter construct (AP-1-LUC) driven by four copies of the AP-1
binding sites and the VEGF luciferase reporter construct (VEGF-LUC) driven by VEGF
promoter were used to assessed the effects of TNF-α on AP-1 transactivation and VEGF
transcriptional activities, respectively. Plasmid containing the β-galactosidase gene driven
by the cytomegalovirus promoter (Clontech Laboratories, Palo Alto, CA, USA) was used as
an internal control. Using the Fugene 6 reagent, MCF7 cells were transiently cotransfected
with AP-1-LUC or VEGF-LUC and β-galactosidase. To determine the role of c-Jun in TNF-
α induced AP-1 activation, the AP-1-LUC and β-galactosidase were cotransfected with
pCMV-TAM-67 or its control vector pCMV-neo into MCF7 cells. Eight hours after
tranfection, cells were serum starved for 24 h, and then treated with TNF-α or vehicle (0.1%
DMSO) for varying time intervals. Cells were lysed and luciferase activity was measured
using the Dual-Luciferase Assay Kit (Promega). β-Galactosidase activity was detected to
normalise any variations in the transfection efficiency. Each experiment was performed in
triplicate and repeated at least three times.

2.5. Nuclear protein extraction
MCF7 cells were grown in 15 cm diameter dishes. Cells were treated with vehicle (0.1%
DMSO) or TNF-α (20 ng/ml) for different periods of time. After washing with ice-cold
PBS, cells were harvested with a scraper and centrifuged. Nuclear protein was extracted
using the Nuclear Protein Extraction Kit (Pierce Chemical Co., IL, USA) according the
manufacturer’s instructions. The protein concentration of each sample was determined using
a DC Protein Assay kit (Bio-Rad).

2.6. Western blot
Protein samples were boiled and denatured in sample buffer containing SDS and DTT, then
separated by gel electrophoresis using NuPage 10% Bis-Tris prepacked gels in MOPS
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buffer. An equal amount of protein was loaded in each lane. The gel proteins were
transferred to a nitrocellulose membrane using a semi-dry transfer blotting system. The
membrane was then blotted with the indicated antibodies and visualized using ECL reagents
(Amersham Pharmacia Biotech, Piscataway, NJ, USA).

2.7. Immunoprecipitation (IP) and immunoblotting (IB)
Cells were lysed in IP lysis buffer containing 20 mM Tris (pH 7.5), 150 mM NaCl, 1 mM
EDTA, 1 mM EGTA, 1% NP-40 and 10% glycerol. Protease inhibitor cocktail tablets (one
tablet per 10 ml; Roche, USA) were added to the IP lysis buffer immediately before use.
Antibodies were added to the lysis buffer, and the precipitated proteins were analyzed by
Western blot as described above.

2.8. RNA isolation and RT-PCR
Total RNA was isolated using The RNeasy Mini Kit from Qiagen (Hilden, Germany).
Triplicate RNA samples were independently prepared for each treatment group. MCF7 cells
were cultured in a 6-well plate until they reached 85–90% confluence. The cell culture
medium was replaced with DMEM containing 0.1% FBS and cultured for 24 h, then cells
were exposed to TNF-α for different periods of time. Cells were extracted for whole RNA
with Trizol reagent according to the manufacturer’s instructions. cDNA was synthesized
from 1 µg of RNA using the First-Strand Synthesis System (AMV, Promega) for RT-PCR.
PCR was performed using 2 µl of synthesized cDNA and primers specific to VEGF
(forward: 5′-GCGGGCTGCCTCGCAGTC-3′; reverse:
5′TCACCGCCTTGGCTTGTCAC-3′) or GAPDH (internal control; forward: 5′-
GGCTCTCCAGAACATCATCCCTGC-3′; reverse: 5′-
GGGTGTCGCTGTTGAAGTCAGAGG-3′). PCR products were separated on 1.8%
agarose gels. RT-PCR was conducted within the linear ranges of PCR cycles and RNA
input.

2.9. Chromatin immunoprecipitation assay
Chromatin Immunoprecipitation (CHIP) assay was done using a CHIP assay kit (Upstate
Biotechnology), according to the supplied protocol. Briefly, cells (1 × 107)were exposed to
TNF-α for either 3 h or 24 h. Chromatin was cross-linked by adding formaldehyde (1%) to
the culture medium for 10 min at 37 °C. A fraction of the soluble chromatin (1%) was saved
for measurement of total chromatin input. Precleared chromatin was incubated with Ser73-
phosphorylated-c-Jun antibody or nonimmune IgG overnight at 4°C. DNA recovered from
the immunoprecipitated product was used as a template for PCR with VEGF-promoter-
specific primers: forward: 5′-GAGACGAAACCCCCATTTCT-3′, reverse: 5′-
AGATGTTGCCAGGGAACTGA-3′. PCR mixtures were denatured for 1 cycle at 94 °C for
2 min, followed by 35 cycles (94 °C for 30 s, annealing at 55 °C for 30 s, elongation in was
incubated with p-c-j IB at 68 °C for 30 s), and then subjected to a final elongation at 68 °C
for 5 min.

2.10. Statistical analysis
Results are expressed as mean ± SEM. Data were analyzed using one-way analysis of
variance between groups with least significant difference. Statistical analysis was performed
with statistical analysis software SPSS 10.0. P < 0.05 was considered to be significant.
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3. Results
3.1. TNF-α increases AP-1 transactivation activity

Previous studies have shown AP-1 is involved in TNF-α receptor signalling pathway in
some types of cells [10]. To determine whether AP-1 transcription factor complexes are also
activated by TNF-α in breast cancer cell MCF7 cells, transient transfection and luciferase
reporter assays were used. As shown in Fig. 1, the AP-1 transactivation activity was
significantly increased by TNF-α (20 ng/ml), peaked at 3 h but remained elevated 24 h after
treatment.

To assess the role of c-Jun in TNF-α induced AP-1 activation, a dominant-negative c-Jun
mutant pCMV-TAM-67 or its control vector pCMV-neo was used. TAM-67 is a mutant
form of c-Jun in which the transactivation domain has been deleted, leaving the DNA
binding and the leucine zipper domains intact. The pCMV-TAM-67 or pCMV-neo vector
was cotranfected with AP-1-LUC and β-galactosidase into MCF7 cells. As shown in Fig. 1,
basal AP-1 luciferase activity was potently inhibited by TAM-67 overexpression. Moreover,
the upregulation effects of TNF-α on AP-1 transactivation activity were reversed by
TAM-67. These results suggest the involvement of c-Jun in TNF-α induced AP-1 activation.

3.2. TNF-α induces c-Jun, c-Fos and JunB expression but not other Jun or Fos proteins
To investigate whether TNF-α alter the protein levels of AP-1 family members in MCF7
cells, nuclear lysates from cells treated with TNF-α (20 ng/ml) for various time intervals
were subjected to Western blot analysis. Low levels of c-Jun, c-Fos and JunB proteins were
detected in MCF7 cells before treatment. TNF-α treatment induced a substantial increase in
the nuclear protein levels of c-Jun, c-Fos and JunB (Fig. 2A). However, protein levels of
other AP-1 family members were not affected (Fig. 2B). Specifically, Fra-1 and Fra-2
proteins were expressed at very low levels in MCF7 cells both before and after TNF-α
treatment (Fig. 2B).

c-Jun transcriptional activation, which is necessary for tumor development, is regulated by a
variety of post-translational modifications, the most important of which is thought to be the
phosphorylation of Ser63 and Ser73 within the N-terminus of c-Jun [19,20]. We therefore
determined the phosphorylation status of c-Jun protein in MCF7 cells after TNF-α treatment
by probing nuclear extracts with antibodies against Ser63-phosphorylated-c-Jun and Ser73-
phosphorylatedc-Jun. Although Ser63-phosphorylated-c-Jun was not detectable in these
extracts (data not shown), measurable levels of Ser73-phosphorylated-c-Jun were observed
and were further increased by TNF-α treatment in MCF7 cells (Fig. 2C).

3.3. AP-1 is composed of p-c-Jun-c-Jun and p-c-Jun-JunB homodimers after TNF-α
treatment

AP-1 proteins are composed principally of homodimers of Jun family members (c-Jun,
JunB, JunD) or heterodimers of the Jun family members with the Fos family members (c-
Fos, FosB, Fra-1, and Fra-2) [11–13]. To determine the pattern of AP-1 complex in TNF-α-
treated MCF7 cells, we therefore carried out immunoprecipitation experiments in these cells
targeting toward activated AP-1 complex family members. We found that activated AP-1
complex is composed of p-c-Jun-c-Jun and p-c-Jun-JunB homodimers after TNF-α
treatment (Fig. 3). However, we were unable to detect any p-c-Jun-c-Fos heterodimer.

3.4. Effects of TNF-α on the activities of ERK, JNK and p38 MAPK pathways
TNF-α stimulates the activation of the MAPK pathways, and AP-1 acts as a major
downstream effector of MAPKs in other cell types. Three related MAPK cascades have
been described: the ERK, JNK and p38 MAPK pathways [21]. We therefore explored which
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MAPK pathway was essential for TNF-α induced AP-1 activation in MCF7 cells. Cells
were serum starved for 24 h and treated with TNF-α for the indicated periods of time, and
JNK, P38 and ERK activation was assessed using phosphorylation specific antibodies (Fig.
4). TNF-α strongly stimulated the phosphorylation of JNK, but had no effect on the
phosphorylation of P38 and ERK. These data indicate that JNK but not P38 and ERK
pathways might be involved in TNF-α induced AP-1 activation.

3.5. TNF-α stimulates VEGF gene transcription in MCF7 cells
VEGF has been reported to be important for breast cancer growth and neovascularization.
And TNF-α has also been shown to acts as positive regulator of VEGF [9]. We then
investigated the effect of TNF-α (20 ng/ml) on VEGF gene expression in MCF7 cells.
Firstly, MCF7 cells were cotranfected with the VEGF luciferase reporter construct (VEGF-
LUC) driven by VEGF promoter and β-galactosidase plasmid, and treated with TNF-α (20
ng/ml) for varying time periods, followed by luciferase activity determination. As shown in
Fig. 5, TNF-α significantly increased the VEGF promoter transcriptional activity in MCF7
cells. Additionally, using RT-PCR, we further examined the mRNA levels of VEGF in
TNF-α treated MCF7 cells. After treating with TNF-α (20 ng/ml) for 3 h or 24 h, MCF7
cells were collected for RNA extraction and RT-PCR to determine the mRNA levels of
VEGF and GAPDH (loading control). Consistent with the luciferase reporter activity assay,
TNF-α obviously increased the mRNA levels of VEGF in MCF7 cells (Fig. 6), indicating
that TNF-α could increased VEGF mRNA levels through transcriptional mechanism.

3.6. TNF-α induces VEGF protein production in MCF7 cells, which is reversed by JNK
inhibitor

We next investigated whether TNF-α upregulated VEGF protein levels. Serum starved
MCF7 cells were treated with 20 ng/ml of TNF-α for the indicated periods of time and
collected for total protein extraction and Western blot analyses. As shown in Fig. 7, VEGF
protein level was very low before treatment, but was markedly upregulated after 3 h of TNF-
α treatment. To determine the role of JNK signalling pathway in TNF-α-stimulated VEGF
expression, MCF7 cells were pretreated with the JNK inhibitor SP600125 (5 µM) for 0.5 h,
followed by TNF-α treatment for another 3 h. Pretreatment of cells with SP600125
markedly suppressed TNF-α stimulated VEGF protein production (Fig. 7).

3.7. p-c-Jun is recruited to the VEGF promoter following TNF-α treatment and regulates
VEGF mRNA transcription directly

To further investigate the mechanism TNF-α induced VEGF expression and determine
whether p-c-Jun directly bind to the endogenous VEGF gene promoter following TNF-α
treatment, ChIP assays were performed. As depicted in Fig. 8, TNF-α treatment promoted p-
c-Jun binding to VEGF promoter as early as 0.5 h (Fig. 8, lane 2), and it remained high until
3 h of treatment (Fig. 8, lane 3). We chose these time points because AP-1 activity was
maximal within 3 h after TNF-α stimulation (Fig. 1). In contrast, ChIP assays of
nonimmune IgG showed no amplification of the VEGF promoter. Collectively, these results
indicate a critical role of p-c-Jun in the regulation of TNF-α induced VEGF transcription.

4. Discussion
TNF-α has been proposed as a potent angiogenesis-promotingfactor in two in vivo
angiogenesis models using the cornea and chorioallantoic membrane [22], and in an in vitro
system with human microvascular endothelial cells [23]. In these models, antibodies against
VEGF were able to block TNF-α-dependent angiogenesis. However, the molecular
mechanisms by which TNF-α induces VEGF are not yet understood. In this study, treatment
of MCF7 cells with TNF-α resulted in a significant activation of AP-1. Overexpression of
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TAM-67 blocked AP-1 induction by TNF-α, suggesting that c-Jun is involved in TNF-α
signalling pathway in MCF7 cells. Results from Western blot assays further demonstrated
that, as transcription factors, the AP-1 family members c-Jun, c-Fos, JunB and Ser73-
phosphorylated-c-Jun were increased in MCF7 cells treated with TNF-α, but Fra-1, Fra-2
and JunD expression did not change significantly following treatment. We also found that
activated AP-1 is composed of p-c-Jun-c-Jun and p-c-Jun-JunB homodimers after TNF-α
treatment. Treatment of MCF7 cells with TNF-α resulted in markedly induction of VEGF
expression. Inhibition of JNK activation by JNK specific inhibitor SP600125 resulted in
impairment of VEGF induction, suggesting that JNK is responsible for VEGF induction by
TNF-α. Further studies using ChIP assays demonstrated that, as a transcription factor, p-c-
Jun recognized and bound to the cis-elements of the VEGF promoter and, in turn, activated
VEGF transcription. These results suggest that VEGF induction by TNF-α is through JNK/
AP-1-dependent pathways in breast cancer MCF7 cells.

Substantial evidence implicates the AP-1 group of transcription factors in many of the non
apoptotic cellular responses to TNF-α [24]. AP-1 activation involves increased expression
[16] and phosphorylation [25], but how TNF-α regulates these functions is unclear.
However, TNF-α mediated JNK-dependent regulation of AP-1 activation has been proposed
[18]. One mechanism by which chronic inflammation predisposes to cancer might be that
the proinflammatory cytokine TNF-α is a critical mediator of tumor promotion, acting via a
PKC-α and AP-1-dependent pathway [24]. Ventura demonstrated that JNK is critical for
TNF-α regulation of the AP-1 group of transcription factors [26]. Both the AP-1 proteins
and MAPKs have been implicated as important mediators in immunity and inflammation
[10]. In the present study, we found that TNF-α markedly increased the phosphorylation
levels of JNK but not ERK (p-ERK) or p38 (p-p38) in MCF7 cells. In agreement with our
results, when MCF7 cells were cocultured with microphages, the invasive capacity of the
MCF7 cell was significantly increased. c-Jun, c-Fos and JunB activities significantly
increased and were inhibited by the neutralizing TNF-α antibody. However, p38 and ERK
pathways have either no or a limited role in this system [27].

VEGF expression was controlled by several transcriptional factors, such as AP-1, AP-2 and
SP-1 [4]. The enhancement of VEGF expression by TNF-α stimulation appeared to be
mediated through the transcription factor SP-1 in glioma cells [9]. The VEGF gene promoter
region contains AP-1 binding sites, which can be recognized by activated AP-1 transcription
factor, so it is proposed that AP-1 may regulate VEGF expression [28,29]. It has been
reported that activation of the MEK/ERK/AP-1 pathway is involved in VEGF expression
induced by EGF in human head and neck squamous cell carcinoma lines [30]. In addition,
Shih et al. [31] showed that TGF-β potently induces VEGF expression in human HT-1080
fibrosarcomas primarily through both AP-l and HIF-1 dependent mechanisms. Using a
dominant negative mutant of c-Jun (pCMV-TAM-67), we found here overexpression of
TAM-67 blocked AP-1 activation induced by TNF-α. And results from ChIP assays showed
that TNF-α induced activated c-Jun directly bound to the AP-1 binding site of the VEGF
promoter region, which is critical for VEGF induction by TNF-α. These data suggest that c-
Jun is a critical regulator in TNF-α induced VEGF upregulation. Furthermore, we
demonstrated that JNK is essential for TNF-α-induced VEGF expression by using JNK
inhibitor SP600125. In addition, we found that TNF-α treatment did not affect p38 and ERK
activation. Therefore, our studies strongly demonstrate that JNK/AP-1 dependent and p38
and ERK independent pathways specifically mediate VEGF induction by TNF-α in breast
cancer cells.

In summary, we have found that TNF-α exposure leads to VEGF over-expression in MCF7
cells, and that this induction is primarily mediated through JNK/AP-1 dependent pathways.
Although the detailed molecular mechanisms of the signalling pathways initiated by TNF-α
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are still under investigation, identification of these important mediators in this signalling
pathway will not only deepen our understanding of tumor-promoting effects of
inflammatory cytokine, but may also provide valuable information for the prevention and
therapy of cancers caused by TNF-α.
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JNK c-Jun N-terminal kinase
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VEGF Vascular endothelial growth factor
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Fig. 1.
TNF-α elevates AP-1 luciferase reporter activity. MCF7 cells were transiently cotransfected
with the firefly luciferase reporter construct AP-1-LUC and β-galactosidase plasmid (as an
internal control) plus pCMV-TAM-67 or pCMV-neo vector. Eight hours after transfection,
cells were serum starved for 24 h, and then treated with TNF-α (20 ng/ml) or vehicle
(Control) for the indicated periods of time. Then cells were harvested for luciferase reporter
assays. The relative values of AP-1 luciferase activity to β-galactosidase are shown as
means ± SEM of three independent experiments. *P < 0.05 vs. levels in cells cotransfected
with pCMV-neo vector and treated with vehicle.
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Fig. 2.
TNF-α induces the expression of c-Jun, JunB and c-Fos, but not other Jun or Fos proteins.
MCF7 cells were serum starved for 24 h and treated with TNF-α (20 ng/ml) for indicated
periods of time. Nuclear protein samples were harvested for Western blot analyses to
determine the protein levels of c-Jun, JunB, c-Fos (A), Fra-1, Fra-2, JunD (B) and Ser73-
phosphorylated-c-Jun (p-c-Jun; C). The protein levels of β-actin were assessed
simultaneously in each group as a loading control. Immunoblots are representative of three
separate experiments.
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Fig. 3.
AP-1 complex is composed of p-c-Jun-c-Jun and p-c-Jun-JunB homodimers after TNF-α
treatment. MCF7 cells were serum starved for 24 h and treated without (Control) or with
TNF-α (20 ng/ml) for 3 h or 24 h. Cell nuclear lysates were subjected to
immunoprecipitation (IP) with an antibody against p-c-Jun followed by immunoblotting (IB)
with antibodies against c-Jun, c-Fos and JunB. Representative Immunoblots of three
separate experiments are shown.
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Fig. 4.
Effects of TNF-α on the activities of MAPK pathways. MCF7 cells were serum starved for
24 h and treated with TNF-α (20 ng/ml) for the indicated periods of time, and JNK (p-JNK),
P38 (p-p38) and ERK (p-ERK) activation was assessed using phosphorylation specific
antibodies. The levels of β-actin protein in each group were used as the references.
Representative immunoblots of three separate experiments are shown.
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Fig. 5.
TNF-α induces VEGF luciferase reporter activity. MCF7 cells were transiently transfected
with VEGF-LUC construct and β-galactosidase plasmid (as an internal control). Eight hours
after transfection, cells were serum starved for 24 h, and then treated with TNF-α (20 ng/ml)
or vehicle (Control) for the indicated periods of time. Then cells were collected for
luciferase reporter assays. The relative values of LXRE luciferase activity to β-galactosidase
are shown as means ± SEM of three independent experiments. *P < 0.05 vs. control.
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Fig. 6.
TNF-α stimulates VEGF mRNA transcription in MCF7 cells. MCF7 cells were treated with
20 ng/ml of TNF-α for the indicated time periods after 24 h serum starvation. Total RNA
was isolated and 1 µg RNA was used for RT-PCR analyses of VEGF and GAPDH (as a
reference) mRNA levels. PCR products were revealed by ethidium bromide staining under
UV after agarose gel electrophoresis. Representative graphs of three separate experiments
are shown.
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Fig. 7.
TNF-α increases VEGF protein levels in MCF7 cells. After serum starvation for 24 h,
MCF7 cells were pretreated without or with SP600125 for 30 min, and treated with TNF-α
(20 ng/ml) for the indicated time periods. Cell lysates were collected for Western blot
analyses with antibodies against VEGF or β-actin (as a loading control). Representative
Immunoblots of three separate experiments are shown.
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Fig. 8.
p-c-Jun is recruited to the VEGF promoter following TNF-α treatment. After serum
starvation for 24 h, MCF7 cells were treated without (Control) or with TNF-α (20 ng/ml) for
the indicated time periods, and chromatin protein-DNA complexes were cross-linked using
formaldehyde. The purified nucleoprotein complexes were immunoprecipitated with Ser73-
phosphorylated-c-Jun antibody (p-c-Jun) or nonimmune IgG and DNA samples recovered
were amplified by PCR as detailed in Materials and Methods. Representative graphs of three
separate experiments are shown.
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