
Abstract. Glucocorticoids (GCs) modulate the synthesis of
many pro-inflammatory cytokines and influence multiple
transduction pathways. GCs negatively or positively influence
the transcription factors of their target genes. All of these
transcription signals are closely connected to cancer survival
or death. We investigated the action of dexamethasone (DEX)
on head and neck cancer cell lines. When SNU-1041 and
SNU-1076 were treated with DEX, the cell lines showed
different patterns of responses. DEX inhibition of cell growth
depended on concentration in SNU-1041, but not in SNU-
1076. Furthermore, DEX suppressed vascular endothelial
growth factor (VEGF) secretion from SNU-1041, but not from
SNU-1076. We explored the mechanism that explains these
distinct differences. After DEX treatment, the differences
of NF-κB (p65), glucocorticoid receptor and p-AKT were not
observed between the cell lines. However, phospho-signal
transducer and activator of transcription 3 (STAT3) decreased
in SNU-1041 only. Moreover, STAT3 inhibition using si-RNA
suppressed VEGF secretion. When STAT3 was overexpressed
after DEX treatment, the level of VEGF in the culture media
was restored. Taken together, we suggest that p-STAT3 can be
a mediating factor which regulates VEGF secretion in the DEX
treatment. Because the relationship between the three
molecules DEX, STAT3 and VEGF is scarcely known, our
findings clarified one of the signaling pathways of DEX,
which is often used in clinical conditions.

Introduction

Dexamethasone (DEX), one of the synthetic glucocorticoids
(GCs), is a widely used drug that suppresses symptoms of
inflammation (1,2). These drugs have been used in tumor

therapy for pro-apoptotic effects in lymphoid cells. However,
the purpose of GCs in treatment of solid tumors is not to
destroy malignant cells, but rather to alleviate symptoms
caused by cancer therapy, such as acute toxicity, nausea and
emesis (3).

GCs have diverse effects on different tissues and cells. GCs
were reported to inhibit cell proliferation by causing the G1
phase of the cell cycle in lymphoid cells (4-7), but in solid
tumors, the effect of DEX/GCs is still controversial. DEX
prevented chemotherapy-induced apoptosis in some cell lines
and xenograft models (8), while GCs exerted an anti-survival
effect in small cell lung cancer and prostate cancer cells (9,10).

In vivo administration of DEX can influence cancer cells
as well as cells in surrounding tumor microenvironment. The
relationship between GCs and angiogenesis draws attention.
Many studies have reported that DEX treatment suppressed
hypoxia-induced vascular endothelial growth factor (VEGF)
mRNA and inhibited tumor angiogenesis in various cancer
cells (11,12). However, little is known about the molecular
mechanisms of GCs on VEGF expression in head and neck
cancer cells.

The effects of GCs are exerted through glucocorticoid
receptors (GR). GR controls transcription by binding to GC
response elements (GRE) in target gene's regulatory sequence
or by modulating the activity of other transcription factors such
as NF-κB, AP-1, SMAD3 and signal transducer and activator
of transcription 3 (STAT3) (13). NF-κB is the most well-known
transcription factor which regulates inflammation when DEX
is treated; however, the STAT3 has not been fully studied after
DEX treatment.

Signal transduction and activator of transcription 3
(STAT3) were associated with oncogenic transformation and
a necessary requirement for malignant transformation.
Many studies have shown that STAT3 inhibition facilitates
decreasing tumor cell growth in vitro and in vivo by
controlling genes including cyclin D1, Bcl-xL and VEGF in
head and neck squamous cell carcinoma (HNSCC), NSCLC,
glioma, breast cancer and prostate cancer (14). Moreover,
STAT3 activity promotes in vivo angiogenesis by inducing
the VEGF (15-17).

Until now, the molecular event of angiogenesis by DEX
in head and neck cancer cells was not clearly identified. To
understand the effects of GCs, we focused on the relation-
ship among three molecules DEX, STAT3 and VEGF. By
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comparing two head and neck cancer cell lines in this study,
we demonstrated that a decrease in STAT3 results in a
reduction of VEGF by DEX.

Materials and methods

Cell lines and chemical. Human HNSCC cell lines SNU-1041
and SNU-1076 were purchased from the Korean Cell Line
Bank (Seoul, Korea). Cell lines were cultured in RPMI-1640
medium with 10% fetal bovine serum and gentamycin (Gibco
BRL, Grand Island, NY). Dexamethasone was obtained from
Yuhan (Seoul, Korea).

Western blot analysis. Cultured cells were rinsed with
PBS, suspended in lysis buffer (0.5% NP40, 50 mM Tris-Cl,
150 mM NaCl, 1 mM dithiothreitol, 1% sodium deoxycholate,
0.1% SDS, 1 mM EDTA, 1 mM phenylmethylsulfonyl
fluoride, 0.1 M aprotinin and 1 M pepstatin A). The cell
lysates were then centrifuged at 13,000 rpm for 20 min at
4˚C. An appropriate amount of each supernatant (determined
by protein assay) was mixed with 4X sample loading buffer
and denatured for 10 min at 70˚C. The denatured protein
samples were fractionated on 4-12% NuPAGE™ Bis-Tris
gels (Invitrogen, Carlsbad, CA), transferred onto nitro-
cellulose membranes (Schleicher & Schuell, Dachen,
Germany) and incubated with Tris-buffered saline
containing 0.1% Tween-20 (TBS-T) and 5% non-fat dry
milk. The membranes were then incubated with p-AKT, AKT,
p-ERK, ERK, GR, ·-tubulin (Santa Cruz Biotechnology,
Santa Cruz, CA), p-STAT3, STAT3 (Cell Signaling, Danvers,
MA) antibody. Experiments were repeated at least three
times.

Cell proliferation assay. Exponentially growing cells were
trypsinized, seeded at a specific density (104 cells/well in a
flat-form 96-well plate) and then grown for 24 h. After 24 h,
fresh medium with various concentrations of chemicals was
added. Following a 5-day incubation, an MTT assay (Amresco,
Solon, OH) was performed. Twenty microliters of MTT
solution (2 mg/ml in deionized water) was added to each well,
and then incubated for 4 h. After removal of the supernatant,
120 μl of DMSO was added and the pellet was resuspended

for 30 min with vigorous shaking. The optical density was
determined at a wavelength of 564 nm using an ELISA
reader (Molecular Devices, Sunnyvale, CA).

Wild-type STAT3 and small-interfering RNA transfection.
Wild-type STAT3 was kindly provided by Dr Jung Weon Lee,
Seoul National University (18). ON-TARGET™ si-RNA was
purchased from Dharmacon (Chicago, IL). After the cells
had grown for 24 h, 4 μl of Lipofectamin 2000 (Invitrogen)
and 200 nM/l small-interfering RNA or 1 μl of plasmid
solution were incubated at room temperature for 15 min
with RPMI-1640 media. The cells were then treated with the
transfection complexes for 24 h. After 24 h, the media were
removed and fresh media. The cells were incubated for 48 or
72 h.

VEGF quantification. For quantitative determination of human
VEGF in cell culture supernatants, the immunoassay kit
(Invitrogen) was used according to the manufacturer's
instructions.

Statistical analysis. Data shown in the graphs represent the
mean value ± standard deviation (SD) of three independent
experiments. Statistical analysis was performed using SPSS
software (SPSS Inc., Chicago, IL).

Results

The growth inhibition by DEX. To evaluate the response of
DEX, growth inhibition was tested in the head and neck
cancer cell lines SNU-1041 and SNU-1076. Fig. 1 shows the
cell growth inhibition in SNU-1041 in a dose-dependent
manner, but no effect was seen in SNU-1076.

The secretion of VEGF by DEX. We tested whether different
effects were shown on VEGF level between two cell lines as
well. The pattern of response on DEX was similar to Fig. 1.
VEGF secretion decreased significantly in SNU-1041, but
there was no effect seen in SNU-1076 (Fig. 2).

The different expression of transcription factors. To understand
the mechanism that explains this clear difference between the
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Figure 1. The cell proliferation was inhibited by DEX, only in SNU-1041. Black bars are for SNU-1041 and white bars for SNU-1076. The cells were treated
with DEX in various doses ranging from 1 day (A) to 4 days (B). Error bars represent the standard error of the mean (P=0.00 Kruskal-Wallis method).

1139-1143.qxd  1/3/2010  01:17 ÌÌ  ™ÂÏ›‰·1140



two cell lines, we investigated signaling molecules related to
glucocorticoids. We screened the change of various signaling
molecules by different concentration of DEX on each cell line.
Among them, phospho-STAT3 in SNU-1041 was found to
decrease after DEX treatment, but not in SNU-1076. The
response of p-ERK was similar to that of STAT3, but the basal
level was very weak. Thus we hypothesized that STAT3 could
be a signaling molecule that leads to the different pattern of
growth and VEGF secretion. The other molecules tested did

not show any difference between the two cell lines. GR, NF-κB
and p-AKT responded similarly in both cell lines.

Change of VEGF secretion by modulating STAT3 activity.
To verify that STAT3 is the signaling molecule which
determines the different responses on the treatment of DEX,
we investigated the level of VEGF secretion when STAT3
was down-regulated by si-RNA of STAT3. Fig. 4 shows a
significant decrease of VEGF in culture medium when the
activity of STAT3 was suppressed.

Restoring VEGF secretion by STAT3 overexpression after
DEX. To confirm our hypothesis, STAT3 was overexpressed
by transfecting wild-type STAT3 into SNU-1041 (Fig. 5A).
Cells transfected with wild-type STAT3 showed a significant
increase of VEGF secretion after DEX treatment (Fig. 5B).
Taken together, STAT3 seems to be one of the important
molecules mediating the signaling pathway of VEGF reduction
by DEX treatment in SNU-1041.

Discussion

A large number of studies with tumor cell lines and patient
samples have provided evidence for the role of constitutive
STAT3 activity in human tumors. In our previous study
inhibition of STAT3 led to growth arrest in head and neck
cancer cell lines, and many other studies have supported that
blocking STAT3 can be an important element in cancer therapy
(14). In this study, two different cell lines originated from head
and neck cancer patients were treated with DEX. STAT3
inhibition by DEX was observed in SNU-1041, resulting in
cell growth arrest. However, neither change of STAT3 nor
growth arrest was observed in the SNU-1076 cell line (Fig. 1).
This interesting finding and a direct proportional relationship
between STAT3 and cell growth from our previous
observation suggested that STAT3 would be an important
target when suppressing tumor cells (19).

Many studies have defined an essential role of activated
STAT3 in tumor angiogenesis in a wide range of cancers
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Figure 2. VEGF secretion in culture medium decreased in SNU-1041 but no change was seen in SNU-1076 (A, SNU-1041; B, SNU-1076). VEGF was measured
at 48 h after DEX treatment at doses of 100 nM and 1 μM (P<0.05 Kruskal-Wallis method).

Figure 3. To evaluate the expression of protein molecules in signaling
pathways, cells were treated with DEX for 48 h. Phospho-STAT3 was found
to be suppressed by DEX in SNU-1041, but there was no effect in SNU-1076.
GR and p65 decreased in both cell lines and no effect was shown in AKT.
Experiments were repeated at least three times.
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including breast, gastric, pancreatic and head and neck cancers
(14). Multiple studies on the link between STAT3 and VEGF
suggested that STAT3 influences the regulation of VEGF as
well as a direct transcription factor of VEGF promoter (20,21).
Cytokines participate in VEGF-mediated angiogenesis via
diverse signaling pathways such as IGF-1, TGF-ß (22). Also
IL-6 has been reported as a stimulator of STAT3 (21).
Accumulating data suggest that STAT3 should be a pivotal
factor of angiogenesis (21). However, for glucocorticoids, it
was still uncertain that STAT3 is a mediator between
glucocorticoids and VEGF.

GR expression levels are down-regulated in most cell types
in response to GCs but appear to be up-regulated in lymphoid

cells (23). The direct positive transcriptional regulation
occurs via the binding of the GR to glucocorticoid-response
elements (GRE). The indirect regulation is mediated via
crosstalk with other transcription factors including AP-1, NF-
κB, STAT, SMAD. The interaction between GR and
transcription factors is likely to repress the activity of partner
transcription factor and their target genes (13). After
stimulation of GCs, GR responds in various ways. One study
showed a decrease in GR expression in HeLa and A549 as
seen in our data (Fig. 3), while another reported an increasing
GR expression after DEX treatment (8,24). An extensive study
using microarray techniques was conducted in order to identify
GC-regulated genes responsible for the induction of apoptosis,
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Figure 4. Down-regulation of STAT3 using si-RNA caused suppression of
VEGF secretion in culture medium. STAT3 was repressed by si-STAT3 (A).
VEGF secretion was measured after si-STAT3 transfection in SNU-1041
(B) (*P=0.02) (si-n.c:si-normal control).

Figure 5. Wild-type STAT3 overexpression led to increased VEGF secretion
under DEX treatment. Western blot analysis shows overexpression of
STAT3 after transfection of wild-type STAT3 expression vector (wt3) (A).
The bar graph represents VEGF secretion. VEGF secretion was restored
after wild-type STAT3 (wt3) trasnfection (B). DEX was pre-treated for 8 h
before STAT3 transfection. Mock denotes empty vector (*P=0.00).
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but the results are conflicting and inconclusive (6). This
implies that genes might be regulated in different cell
systems and experimental conditions. Thus it is uncertain yet
what factors determine the direction or response between GR
and transcription factors after DEX treatment.

Surgical resection is one of the most important treatments
for head and neck cancer patients. Surgery causes inevitable
inflammatory response in tumor microenvironment; therefore,
GCs might be beneficial in reducing acute phase inflammatory
reaction, even though GCs may possibly suppress immune
response against cancer. One study has shown beneficial
results of DEX treatment for the host after resection of
pancreatic cancer (25). DEX was found to reduce metastasis
and size of local tumor recurrence (25). Therefore, to maximize
the efficacy of cancer therapy, more specific understanding of
the cancer cells themselves and the tumor microenvironment
is necessary, because the effect of DEX on solid tumor can be
still double-edged.

In this study, we clearly demonstrated that DEX could
reduce VEGF secretion in some head and neck cancer cells via
STAT3. In conclusion, we suggest that active STAT3 is a
mediating signal of VEGF reduction caused by DEX in head
and neck cancer cells. Because DEX is often used in clinical
conditions, clear understanding of the role of STAT3 in
DEX treatment is important in clinical decision-making.
Furthermore, these findings may imply that STAT3 could be
a key molecule in modulating the inflammatory response in
tumor microenvironment.
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