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Exogenous norepinephrine attenuates the
efficacy of sunitinib in a mouse cancer model
Guo-Hua Deng, Jie Liu, Jie Zhang, Ying Wang, Xing-Chen Peng, Yu-Quan Wei and Yu Jiang*
Abstract

Background: Sunitinib alone exhibits satisfactory efficacy in several mouse homografts and xenografts but
unsatisfactory efficacy in many kinds of solid tumors in clinic. Different from animals, receiving a diagnosis of cancer
impacts chronic stress on patients. Here, we examine whether norepinephrine (NE), one of the most potent stress
related hormones, leads to the difference in the efficacy of sunitinib between clinical and preclinical trials.

Methods: The influence of NE on mouse melanoma B16F1 cells under sunitinib was evaluated in vitro and in vivo.
The β-AR/cAMP/PKA (β-adrenoceptor/cyclic adenosine monophosphate/protein kinase A) signaling pathway was
also evaluated in human lung adenocarcinoma cells.

Results: We found that NE upregulated the expression of VEGF, IL-8 and IL-6 in vitro and stimulated tumor growth
in vivo, which was mediated by β-AR/cAMP/PKA signaling pathway and could be inhibited by propranolol, a
β-blocker for hypertension for decades.

Conclusions: This research indicates exogenous norepinephrine attenuates the efficacy of sunitinib, and a
combination of sunitinib and propranolol might be suggested as a new strategy in solid tumor in clinic.
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Background
Psychosocial factors including chronic stress, depression,
dejection, and lack of social support have been proved
risk factors for cancer occurrence and progression by
psychological and epidemiological studies [1-4]. It is well
known that chronic stress impacts on immune system,
neuroendocrine system, lymphatic and hematopoietic sys-
tem. Stress inhibits the immune response ability in
antigen-specific T-cells and natural killer cells while sti-
mulates the secretion of proinflammatory cytokines, such
as IL-1, IL-2, IL-6, IL-8, IL-11 and TNF-α, which were
regarded as co-factors for modulating the growth and pro-
gression of tumor [5,6]. Recent studies reported that
chronic stress can also immediately affect the growth,
development and metastasis of malignant tumors via hor-
mone receptors on tumor cells [7-10].
In mammals under stress, an increased level of stress-

related hormone (SRH) can be induced by the acti-
vation of the hypothalamic-pituitary-adrenal and the
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sympathetic-adrenal medullary axes. Activation by stress
on sympathetic nervous system results in the release of
catecholamines from the adrenal medulla and sympathetic
nerve terminals [6,10]. Catecholamines consist of several
kinds of substances such as dopamine, histamine, sero-
tonin, epinephrine and norepinephrine (NE). The last one
is regarded as the most potential SRH related to tumors
in mammals [10,11]. As ligands, catecholamines can bind
adrenergic receptors (ARs) coupled with G-protein which
can be classified as several subtypes such as α1, α2, β1, β2
and β3 ARs. Many types of ARs locate on tumor cells,
providing the theory that chronic stress impacts on the
progression of cancer. Furthermore, the effect of stress
could be mimicked with NE or β2-AR agonists, and abol-
ished with surgical sympathetic denervation, β-AR antago-
nists or knocking down β2-AR gene by small interfering
RNA [6,10,12].
It is accepted that a solid tumor can not progress

without angiogenesis. VEGF, one of the most important
angiogenic factors, can recruit and induce endothelial
cells to proliferate and migrate, thereby starting the crit-
ical step of tumor expansion. Previous studies have
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demonstrated that NE upregulates VEGF, IL-8, IL-6 and
MMP expression levels in some kinds of tumor cells
in vitro such as melanoma, breast cancer, colon cancer,
prostate cancer, ovary cancer, pancreatic cancer and na-
sopharynx cancer. Besides, migration of cancer cells can
be stimulated by NE, which can be blocked by nonselec-
tive β-AR antagonist, propranolol [7-9,13-18]. In mouse
models in vivo, chronic stress stimulates the growth, pro-
gression and metastasis of tumors, which can also be
inhibited by propranolol [13-15,19]. The clinical research
reported that propranolol lowered the rate of breast
cancer-specific mortality, cancer recurrence and distant
metastasis, thus improved relapse-free survival and cancer
specific survival [20-22].
Tumor angiogenesis plays a key role in development of

solid tumors. Sunitinib, one kind of anti-angiogenic drugs,
is a tyrosine kinase inhibitor with the ability of blocking
VEGFR1, VEGFR2, VEGFR3, PDGFRα, PDGFRβ, c-Kit and
RET. It can induce tumor cell death and inhibit tumor
proliferation and vascularization [23-25]. However, in clinic,
treatment with sunitinib alone is of poor curative effect
or even inefficacious for many types of solid tumors.
On the contrary, sunitinib exhibits satisfactory efficacy
in mouse homografts of melanoma, Lewis lung cancer,
renal cancer and colon cancer, and xenografts of human
colorectal cancer in vivo [24,26-28]. Additionally, mo-
notherapy with anti-angiogenic drugs including endo-
statin and bevacizumab also shows the discrepancy
between clinical and preclinical results [29,30]. Thus
the question should be presented: Why does the differ-
ence of the curative response between the human and
animal occur?
Different from tumor-bearing mice, receiving a diag-

nosis of malignancy and battling with chronic uncertain-
ties as regards treatment, progression, recurrence, and
mortality is a major chronic stressor imaginable for pa-
tients with cancer. Given the impact of chronic stress on
a cancer patient, the confluence of the psychological and
physical discomfort places the patient at high risk for
the occurrence of stress-induced behavioral alterations
which usually presents depression, anxiety, sadness, fear
and hopelessness [4,11,31,32]. We reported previously
that 39.5% of cancer patients were unwilling to realize
the diagnosis of cancer, 63.0% were burdened with men-
tal stress and 33.0% considered the impact of mental
stress above that of somatic symptoms [33].
We hypothesize that the discrepancy of the efficacy of

anti-angiogenic drugs between clinical and preclinical
results is caused by chronic stress, which has not been
yet identified. So in this research, the goal is to investi-
gate whether NE, one of the most potent stress related
hormones, can attenuate the efficacy of sunitinib in a
mouse model and whether this effect can be blocked by
propranolol.
Materials and methods
Cell culture
The murine melanoma B16F1 cells and human lung
adenocarcinoma A549 cells, kind gifts from State Key
Laboratory of Biotherapy (Sichuan University, Chengdu),
were authenticated by the supplier [29] and cultured in
RPMI 1640 complete medium containing 10% fetal bovine
serum (FBS), 100 U/mL penicillin, and 100 μg/mL strepto-
mycin at 37°C with 5% CO2 in humidified atmosphere.

Reagents
NE, 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium
bromide (MTT), dimethylsulfoxide (DMSO), isoprote
renol, dobutamine and terbutaline were purchased from
Sigma (St. Louis, MO, USA); propranolol and 8-CPT
from Enzo (Germany); forskolin from Biovision (USA);
H-89 and myristoylated PKI from Calbiochem (USA);
sunitinib from Pfizer (USA); RNAiso plus and One Step
SYBR® PrimeScript™ RT-PCR Kit from TaKaRa (Japan).

In vitro cell proliferation assays for measuring the IC50
(half maximal inhibitory concentration) of sunitinib in
B16F1 cells
B16F1 cells were harvested and seeded in 96-well plates
(5,000 cells/200 μL complete medium/ well). After 24 hours
incubation, the cells were exposed to various concentra-
tions (0–100 μM, each concentration had six replicate
wells) of sunitinib for 48 h. Following sunitinib treatment,
20 μL of 5 mg/mL MTT was added to each well and incu-
bated at 37°C for 4 hours. The plates were centrifuged, the
supernatants were carefully discarded and formazan crys-
tals were dissolved in 150 μL DMSO. At last, the light ab-
sorbance at 490 nm was determined in a luminescence
plate reader (PerkinElmer, USA) according to the manufac-
turer’s instructions.

Evaluation of the influence of NE on mRNA and protein
expression in vitro
B16F1 and A549 cells were dispensed in six-well culture
plates (2 × 105/well). After incubation overnight, 2 mL
complete RPMI 1640 medium was replaced by serum-
free medium for 24 hours to make the cells adapt
serum-starvation. Then cells were incubated in 2 mL
renewed serum-free medium containing 0, 0.1, 1, 10 μM
NE or 10 μM NE +10 μM propranolol (propranolol was
added 30 minutes prior to NE). Culture supernatants
were gathered and cells were homogenized in RNAiso
plus at different time points designed for detection by
ELISA (3, 6, 12 and 24 hours) and real-time PCR (1, 2, 3
and 4 hours), respectively. In addition, we evaluated the
influence of 10 μM NE in B16F1 cells treated with suni-
tinib at the concentration equal to IC50 (sunitinib was
added 30 minutes following NE).
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Evaluation of β-AR (β-adrenoceptor)/cAMP/PKA signaling
pathway
A recent study identified that the β2-AR/cAMP/PKA
signaling pathway mediated the up-regulation of VEGF
by NE on human ovarian cancer cells [9]. Here we tested
the role of this pathway on A549 cells. First, 10 μΜ
α-AR antagonist phentolamine and 10 μΜ β-AR antag-
onist propranolol were added into the cell cultures
30 minutes before adding 10 μM NE in order to assess
the role of AR subtypes (α-AR VS β-AR). Second, A549
cells were incubated in serum-free medium containing
10 μΜ β-AR agonist isoproterenol, 10 μΜ β1-AR agonist
dobutamine, 10 μΜ β2-AR agonist terbutaline, 100 μΜ
selective activator of the cAMP receptor 8-CPT, 10 μΜ
adenylate cyclase agonist forskolin, 100 μΜ cAMP-
dependent protein kinase inhibitor H-89 or 10 μΜ
myristoylated protein kinase inhibitor PKI. Similar to
propranolol, H-89 or PKI was added 30 minutes before
the addition of 10 μM NE [17]. Culture supernatants
were harvested 6 hours after treatment for ELISA and
cells were homogenized in RNAiso plus 2 hours after
treatment for RT-PCR. In order to evaluate the prolifer-
ation and migration of A549 cells under the inhibitors
PKI and H-89, MTT assay and scratch wound healing
assay were performed as previously described [34-36].

In vivo tumor model
C57BL6 female mice (4–6 weeks old) were purchased
from the Laboratory Animal Center of Sichuan Univer-
sity. Male mice should be excluded for possible stress
from mates in the cage. The animal experiments with
the C57BL6 mice were consistent with protocols ap-
proved by the Institutional Animal Care and Treatment
Committee of Sichuan University. The mice were main-
tained under pathogen-free conditions with food and
water ad libitum, on 12 h/12 h day/night cycle, a
temperature of 21–25°C, three mice per cage.
B16F1 cells were trypsinized, centrifuged and then re-

suspended in serum-free medium. For implantation, tu-
mors cells were subcutaneously inoculated in the right
flanks of mice (5 × 105 cells per mouse). Tumor mea-
surements were made periodically with manual calipers
every three days, and tumor volume was calculated ap-
plying the formula: π/6 × length × width2. At the end of
the test, mice were sacrificed and tumors were excised,
weighed and photographed. The serum from mice was
harvested.

Establishment of chronic stress in vivo and treatment with
sunitinib
Eight days after inoculation when the tumors reached an
average diameter of 5 mm, mice were randomly assigned
to four groups each consisting of six mice. The mice
were narcotized by chloral hydrate i.p. (4%, 10 mL/kg)
and then microosmotic pumps (Alzet model 1004, Durect,
Cupertino, CA) were implanted subcutaneously on the left
back of the mice for the establishment of chronic stress.
The microosmotic pumps implanted in the body could
keep functional and pump drugs contained continuously
for up to 4 weeks. The pumps were filled with 100 μL nor-
mal saline containing 56 mM NE, 56 mM propranolol or
both of them at a dose of 1 μmol/100 g/day [14]. Ascorbic
acid (0.2%) was added as a preservative into every pump.
The pumps full of just normal saline and ascorbic acid
were used in the control group. The initiation of treatment
with sunitinib by oral gavage (80 mg/kg/day [27]) was on
the next day. The animals were sacrificed after 14 days of
treatment.

ELISA
The concentrations of VEGF, IL-8 and IL-6 proteins in
culture supernatants or serum were detected using
mouse or human ELISA Kits (Neobioscience, Beijing)
following the manufacturer’s protocol. The light absorb-
ance at 450 nm was read in a luminescence plate reader
(PerkinElmer, USA). The values of concentrations were
calculated by interpolation from a standard curve. Each
experiment was repeated at least three times in duplicate.

Immunohistochemistry for CD31, VEGF, β1-AR and β2-AR
Immunohistochemical studies were performed as pre-
viously described [26] using antibodies against CD31
(rat antimouse monoclonal antibody, diluted 1:300; BD
Pharmingen, San Diego, CA, USA), VEGF (rabbit anti-
mouse polyclonal antibody, diluted 1:200; Bioss Biotechol-
ogy, Beijng), β1-AR & β2-AR (rabbit antimouse polyclonal
antibody, diluted 1:300; Bioss Biotechology, Beijng).
CD31 was stained on the frozen sections from B16F1 tu-
mors for measuring microvessel density (MVD), VEGF on
the formalin-fixed and paraffin-embedded sections from
B16F1 tumors for comparing the expression levels among
four groups and β1-AR and β2-AR on the slides of B16F1
cells for detecting the status of β-ARs in cells. Phosphate
buffered saline was used instead of the primary antibody
for negative controls.

Assessment of microvessel density
MVD was assessed by choosing three areas with thickest
microvessel distribution (hot spot) according to immu-
noreactivity for CD31 at low microscopic magnification
(40 ×) and then counting the number of immunoreactive
endothelial cells and microvessels from three 200 × high
power fields in hot pot areas [37,38].

RT-PCR analysis
The assessment of VEGF, IL-8 and IL-6 gene expression
was conducted using semiquantitative real-time reverse
transcription-PCR (RT-PCR). Total RNA from A549 cells
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was isolated with RNAiso plus according to the RNA ex-
traction protocols. Then the RNA was separated by 1%
agarose gel electrophoresis and visualized by golden view
to test the quality and integrity of RNA samples using the
Gel Doc image system (Bio-Rad, Hercules, CA, USA).
RT-PCR was conducted using One Step SYBR® Prime-
Script™ RT-PCR Kit (Perfect Real Time) and amplified
with CFX 96™ Real-Time System in C1000™ Thermal
Cycler (Bio-Rad, USA). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was applied as an internal
positive control. The primers in this study were as
follows: GAPDH: sense 5′- ACCACAGTCCATGCCA
TCAC -3′, antisense 5′- TCCACCACCCTGTTGCTG
TA -3′; VEGF: sense 5′- TGGATCCATGAACTTTC
TGCTGTC -3′, antisense 5′- TCACCGCCTTGGCT
TGTCACAT -3′; IL-8: sense 5′-CTTTGTCCATTCC-
CACTTCTGA-3′, antisense 5′-TCCCTAACGGTTG
CCTTTGTA T-3′; IL-6: sense 5′- ATGAACTCCT
TCTCCACAAGCGC -3′, antisense 5′- GAAGAGCC
CTCAGGCTGGACTG -3′ [12,39-41]. The PCR cycler
condition was according to the recommendations in
the manufacturer’s instructions. Reactions were per-
formed in a 25-μL volume and each sample was run at
least in duplicate. The levels of expression of VEGF,
IL-8, and IL-6 mRNA in each sample were normalized
to the GAPDH mRNA level. The relative expression of
VEGF, IL-8, and IL-6 mRNA was calculated applying
the comparative CT method [18,39].

Statistical analysis
The data are expressed as the mean ± SD. Changes in
protein and mRNA levels of VEGF, IL-8 and IL-6, the
averaged tumor volume and weight were calculated by
one way analysis of variance (ANOVA) with an LSD
post-hoc test and an unpaired student’ t test using SPSS,
version 15.0 (SPSS, Chicago, IL). A p value less than 0.05
was considered as statistically significant.

Results
NE upregulates VEGF, IL-8, and IL-6 protein levels in cul-
ture supernatants of B16F1 (with or without sunitinib)
and A549 cells, which can be blocked by propranolol
A NE dose-dependent and time-dependent increase in
VEGF, IL-8 and IL-6 protein levels in culture supernatants
of both B16F1 and A549 cells with a peak increase at the
6 hours time point and 10 μM concentration, which could
be blocked by 10 μM propranolol (Figure 1A-F). In A549
cells, treatment with 10 μM NE for 6 h caused a remark-
able increase to 242.79 ± 19.86%, 331.56 ± 24.41% and
685.85 ± 34.72% (P < 0.001) of control levels for VEGF,
IL-8 and IL-6 protein levels, respectively (Figure 1A-C).
Likewise, in B16F1 cells, VEGF, IL-8 and IL-6 protein
levels arrived at 185.15 ± 12.13%, 301.35 ± 24.98% and
294.40 ± 23.17% (P < 0.001) of control levels in response to
exposure to 10 μM NE for 6 hours (Figure 1D-F). Overall,
the increase could be most seen in both two cells at the
NE concentration ranging from 0.1 to 10 μM since 3 hours
after treatment. However, as time went on, the extent of
the increase reduced 6 hours later.
In addition, the IC50 of sunitinib in B16F1 cells mea-

sured by cell proliferation assays was 3.35 μM. The re-
sults about B16F1 cells treated with sunitinib at the
concentration equal to IC50 indicated that NE could also
upregulate VEGF, IL-8, and IL-6 proteins with a peak in-
crease at the 6 hours time, which could also be blocked
by 10 μM propranolol (Figure 1G-I).

NE promotes tumor growth in the murine B16F1 model
under the treatment of sunitinib and can be blocked by
propranolol
Our results showed that NE speeded up the tumor growth
rate in the B16F1 model treated with sunitinib. Similar
with the results in vitro as above, the effect of NE could
be blocked by propranolol (P < 0.05) (Figure 2A-E). NE
increased the tumor weight by 51.65% compared with
normal saline (0.99 ± 0.28 g VS 0.65 ± 0.27 g, P = 0.014)
and 79.22% compared with the combination of NE and
propranolol (0.99 ± 0.28 g VS 0.55 ± 0.08 g, P = 0.002)
(Figure 2D).
As shown in Figure 2F, VEGF, IL-8 and IL-6 protein

levels tested by the ELISA assay were upregulated by NE
in the serum from the B16F1 model, which could be
blocked by propranolol. NE increased VEGF, IL-8 and
IL-6 protein levels by 155.77%, 417.77% and 586.21%
compared with normal saline, respectively (P < 0.001).

NE stimulates tumor angiogenesis in the B16F1 model
treated with sunitinib
Immunohistochemical staining for VEGF on the formalin-
fixed and paraffin-embedded sections showed a much
stronger staining in the tumors of the group stimulated by
NE than the other three groups (normal saline, propran-
olol and NE + propranolol) (Figure 3A). There is no brown
or yellow staining in negative control slides for VEGF
wherein no primary antibodies were used (Figure 3D).
Similar to VEGF, the significant increase in MVD,

detected by immunohistochemical staining for CD31 on
frozen sections, occurred in the tumors of the mice
treated with sunitinib and stimulated by NE (P < 0.05)
(Figure 3B-C).

Beta1-AR and β2-AR are expressed in B16F1 cells
Immunohistochemical staining for β1-AR and β2-AR on
the slides of B16F1 cells was utilized to evaluate the sta-
tus of β-AR via which NE affected cells. The results
showed strong β1 and β2-AR immunoreactivivty located
in the cytoplasma (Figure 3E, F, respectively). The stain-
ing was invisible in negative control slides (not shown).



Figure 1 Effect of NE in vitro (with or without sunitinib). VEGF, IL-8 and IL-6 protein levels in culture supernatants by A549 (A, B, and C) and
B16F1 (D, E and F) cells were measured after incubation with 0 (CON), 0.1, 1, 10 μM NE and 10 μM NE + 10 μM PROP for 3, 6, 12 and 24 hours.
The levels of VEGF, IL-8, and IL-6 protein in B16F1 (G, H and I) cells incubated with 3.35 μM SUN alone (CON), 3.35 μM SUN + 10 μM NE, 3.35 μM
SUN+ 10 μM PROP and 3.35 μM SUN+ 10 μM NE + 10 μM PROP for 6 hours were also detected. Data are represented as percentage of the control
well, which was set as 100% in each experimental series. All bars represent the mean ± SD of at least three experiments performed in duplicate. CON,
control. SUN, sunitinib. ND, not detectable. *, P ≤ 0.05; **, P ≤ 0.001.
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NE upregulates VEGF, IL-8, and IL-6 gene expression in
A549 cells
Although the up-regulation of VEGF, IL-8, and IL-6
protein levels by NE was described as above, we
assessed the effect of NE on the expression of these
three genes to further clarify the mechanism concern-
ing the modulation of these three proteins in A549
cells. The results indicated that the levels of VEGF,
IL-8, and IL-6 mRNA increased rapidly with a peak
after 2 hours of treatment and decreased gradually there-
after in A549 cells exposed to 10 μM NE (Figure 4A-C).
Beta-AR/cAMP/PKA signaling pathway contributes to the
NE effect in A549 cells
For determining whether β-AR mediated the NE effect,
phentolamine (α-AR antagonist) was used here to contrast
with propranolol. We observed that, opposite to propran-
olol, phentolamine could not abrogate the NE-induced in-
crease of VEGF, IL-8, and IL-6 mRNA levels in A549 cells
(Figure 4D).
Isoproterenol (nonselective β-AR agonist), dobutamine

(selective β1-AR agonist) and terbutaline (selective β2-AR
agonist) upregulated VEGF, IL-8, and IL-6 mRNA levels,



Figure 2 NE attenuates the efficacy of sunitinib in vivo. A) Preoperative preparation for implanting micro-osmotic pumps which should
soaked in normal saline for at least 48 hours at 37°C. B) The pumps were implanted subcutaneously on the left back of the mice. C) The photograph of
the tumors excised from all mice in 4 groups in B16F1 models. D) The bar chart showing the weight of the tumors. E) The line chart showing tumor
growth curves. F) VEGF, IL-8 and IL-6 protein levels measured by ELISA in the serum from the mice in B16F1 models. Data are represented
as percentage of the control (SUN without NE or PROP). All bars represent the mean ± SD. SUN, sunitinib. PROP, propranolol. *, P ≤ 0.05;
**, P ≤ 0.001.
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which indicated that both β1-AR and β2-AR mediated
the NE-dependent effect (Figure 4E-G). Moreover,
comparing with β1-AR, β2-AR played a key role as a
mediator special for the NE-induced stimulation of
VEGF and IL-8 gene expression in A549 cells because
terbutaline had a higher degree of up-regulation than
dobutamine. Additionally, 8-CPT and forskolin (cAMP
analogs) both raised VEGF, IL-8, and IL-6 mRNA levels
implicating cAMP as a mediator. Lastly, H-89 (PKA in-
hibitor) nearly checked the effect of NE which could be
just partially inhibited by PKI.
To further identify the role of β-AR/cAMP/PKA signal-

ing pathway in NE-treated A549 cells, the changes in
VEGF, IL-8, and IL-6 protein levels tested by the ELISA
assay related to mRNA levels as above were also analyzed.
We observed similar changes in VEGF, IL-8, and IL-6 pro-
tein levels with their mRNA levels (Figure 5A-D).
We also evaluated the proliferation and migration of

A549 cells under the inhibitors PKI and H-89. The re-
sults showed that, different from PKI, H-89 inhibited the
proliferation (Figure 6A) and migration (Figure 6B-C) of
A549 cells. These results were consistent with the pro-
tein and gene levels of VEGF, IL-8 and IL-6 of A549 cells
under PKI and H-89.

Discussion
In this study we showed that NE spurred tumor growth
in the murine melanoma model treated with sunitinib by
gavage in vivo and could be inhibited by propranolol.
We also identified that NE upregulated VEGF, IL-8, and



Figure 3 NE promotes angiogenesis in vivo. A) Representative photographs of the B16F1 tumor sections examined by immunohistochemical
staining for VEGF (× 200 magnification). B) Immunohistochemical staining for CD31 (× 200 magnification). C) The bar chart showing MVD calculated
by CD31 immunoreactivity. Each bar represents the average vessel number of each group, expressed as the mean ± SD. *, P≤ 0.05. D) The photograph
of immunohistochemical staining in negative control slides for VEGF. E) Immunohistochemical staining for β1-AR on the slides of B16F1 cells (× 200
magnification). F) Immunohistochemical staining for β2-AR (× 200 magnification).
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IL-6 protein levels in B16F1 cells in the presence or ab-
sence of the treatment with sunitinib at the concentra-
tion equal to IC50, which was blocked by propranolol. In
addition, NE-dependent up-regulation in both protein
and gene levels of VEGF, IL-8, and IL-6 was observed
in human lung adenocarcinoma cells in which β-AR/
cAMP/PKA signaling pathway was proved as the im-
portant mechanism. Chronic stress has been acknowl-
edged as an important factor affecting patients with
cancer and the effect of chronic stress may be persistent
during the process from diagnosis for cancer to death of
cancer. The activation on sympathetic nervous system
by stress gives rise to the increased level of catechol-
amines resulting in several biological effects via ARs
such as VEGF-caused stimulation in angiogenesis, raised
levels of cytokines including IL-8 and IL-6 [42]. These
effects were also proved in our study and found as at
least a part of factors attenuating the efficacy of sunitinib
in preclinical models.
In order to mimic chronic stress in patients, a wide

variety of stress models in animals were established, e.g.
addition of corticosterone to drinking water, transfer to
a cold room at 4°C, subcutaneously administration with
NE or β2-AR agonists, restraint procedure using open-
ended Plexiglas cylindrical restrainers, social defeat,
social isolation, unpredictable chronic mild stress, re-
peated social defeat, subcutaneous microosmotic pumps
containing NE [12,43-49]. However, some of stress mo-
dels aforementioned have limitations more or less and
thus induce unpredictable impacts on tests in vivo. For
addition of corticosterone to drinking water, this test
might not control the volume of water drunk by animals
and thus the reliable uptake of corticosterone can not
be evaluated especially when uptake of water was in-
terrupted by the disorders in animals such as a heavy
tumor burden [49]. For the restraint test, it was found
in our laboratory that mice would adapt the open-ended
Plexiglas cylindrical restrainers in the later stage. So the
restraint test might not sustain enough stress if the ob-
servation in a test in vivo should be kept for a long time
[45]. Seeing that microosmotic pumps (1004 type) are
of the ability of pumping drugs contained incessantly
for up to 4 weeks and exhibit reliable effects in mouse
models, the pumps were taken into account in our re-
search to deal with the short half life period of NE. It is
well known that in clinic patients are under chronic
stress after diagnosed with cancer prior to treatment.
Thereby, in order to mimic patients in clinic as possible,
sunitinib was administrated 30 minutes following NE in
tests in vitro, and treatment with sunitinib was started



Figure 4 Evaluation of β-AR/cAMP/PKA signaling pathway by RT-PCR. The NE-dependent stimulation of VEGF (A), IL-8 (B), and IL-6 (C)
mRNA levels with a peak at 2 hours was observed in treatment of A549 cells with 10 μM NE (A, B, and C). This effect could not be blocked by
phentolamine (PHEN) (D). Representative results of VEGF (E), IL-8 (F), and IL-6 (G) mRNA levels treated with NE, isoproterenol (ISO), dobutamine
(DOB), terbutaline (TER), 8-CPT, forskolin (FOR), NE + H89 or NE + PKI for 2 hours. Values are presented as percent of untreated control levels. Each
bar represents the mean ± SD. ND, not detectable. *, P≤ 0.05; **, P≤ 0.001.
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1 day after the implantation of pumps containing NE in
tests in vivo.
Tumor neovascularization or angiogenesis is closely

related with proangiogenic factors such as VEGF, IL-8,
IL-6, TGF and TNF released by tumor cells and immune
cells. In analogy to tumors cells, lymphocytes and mac-
rophages in the tumor microenviroment also express β-
ARs triggered by NE with the following increased levels
of VEGF, IL-8, and IL-6 [50-53]. The NE-induced up-
regulation of VEGF, IL-8, and IL-6 protein levels was found
in a number of human cancer cell lines such as colon can-
cer, nasopharyngeal cancer, ovarian cancer, prostate cancer
and melanoma [7,8,13,17,18]. This effect of NE was identi-
fied in murine melanoma B16F1 cells and human lung
adenocarcinoma A549 cells in our study. In addition, this
phenomenon was also observed in murine colon cancer
CT26 cells and some human cancer cells (e.g., nasopharyn-
geal cancer HNE1 & CNE2 cells, breast cancer MDA-MB-
231 & MDA-MB-468 cells and colon cancer HT-29 &
SW480 cells) in other studies in our laboratory (unpub-
lished date not shown). However, to our knowledge, noth-
ing is known of the influence of NE in cancer cells treated
with sunitinib in vitro. Our date indicated that, in
B16F1 cells treated with sunitinib at IC50 concentration,
NE also increased VEGF, IL-8, and IL-6 protein expression
in culture supernatants, which could be inhibited by pro-
pranolol. This result offered at least a mechanism for the
difference in the efficacy of sunitinib between clinical and
preclinical trials. It should be considered if sunitinib acts
via some of its targets on B16 cells. Previous studies re-
ported that B16 cells did not express VEGFR1, VEGFR2,
VEGFR3 [54,55], PDGFRα and PDGFRβ [56] but no more
than 10% of B16 cells expressed c-Kit [57]. Whether su-
nitinib acts on B16 cells through the c-Kit target re-
mains to be investigated in the further study. Chronic
stress has been demonstrated to promote development
and progression of tumors in several human cancer cells
in xenografts including prostate cancer, ovarian cancer
and breast cancer [9,13,15,46,58], whereas no date re-
garding the influence of chronic stress in cancer models
under sunitinib in vivo has been reported so far. This
study showed that consecutive NE pumped stimulated
the growth of primary tumor in a mouse melanoma
model and could be blocked by propranolol. This result
provided a piece of evidence for the discrepancy in
the efficacy of sunitinib between clinical and preclinical
trials and was consistent with the results in the other
studies in our laboratory (mouse colon cancer CT26
homograft and human colon cancer SW480 and HT-29
xenografts, unpublished date not shown).



Figure 5 Evaluation of β-AR/cAMP/PKA signaling pathway by ELISA. The NE-dependent stimulation of VEGF, IL-8, and IL-6 protein levels
could not be blocked by phentolamine (PHEN) (A). Representative results of VEGF (B), IL-8 (C), and IL-6 (D) protein levels treated with NE, isoproterenol
(ISO), dobutamine (DOB), terbutaline (TER), 8-CPT, forskolin (FOR), NE + H89 or NE + PKI for 6 hours. Values are presented as percent of untreated control
levels. Each bar represents the mean ± SD. *, P≤ 0.05; **, P≤ 0.001.
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To further investigate stress-induced angiogenesis in vivo,
we analysed the immunoreactivity for VEGF and CD31,
counted the MVD and measured the protein levels of
VEGF, IL-8 and IL-6 in mouse serums. As expected,
in accordance with the results in vivo as mentioned in
the previous paragraph, chronic stress promoted angio-
genesis and neovascularization in B16F1 tumors, thus
withstood the anti-angiogenic treatment of sunitinib.
Interestingly, relatively low VEGF expression was found
in tumor and endothelial cells while stronger VEGF
expression usually found in peri-necrotic tumors cells
mainly by reason of hypoxia as reported in the other
study [59]. In clinic, the serum levels of VEGF, IL-8
and IL-6 have been suggested as potentially predictive
markers for survival in cancer patients under sunitinib.
Bauerschlag et al. [60] found that 18 cases with a decrease
in VEGF serum concentration out of 29 ovarian cancer
patients with sunitinib therapy had a longer progression-
free survival (PFS) compared to 11 cases with an increase
in VEGF serum concentration (10.5 VS 2.9 months). Like-
wise, the lower serum VEGF level was reported to be
associated with longer PFS and objective response rate
in patients under sunitinib with bevacizumab-refractory
metastatic renal cancer [61]. Bellmunt et al. [62] announced
that the low serum IL-8 level was related to long median
time to progression in urothelial cancer patients receiving
sunitinib as first-line treatment. Comparing with healthy
donors, an increased level of IL-8 was detected in serums
from medullary thyroid carcinoma patients with distant
metastases [63]. Zhu et al. [64] reported that advanced
hepatocellular carcinoma patients with high serum levels of
IL-8 and IL-6 were of high mortality and rapid tumor pro-
gression after sunitinib. On the other hand, patients with a
decrease level of IL-6 had better PFS and overall survival.
Additionally, during sunitinib treatment, a more elevated
IL-6 level was in correspondence with higher hazard of
mortality or immediate progression.
ARs are a family of G protein-coupled receptors, also

called serpentine receptors whose ligands mainly include
chemokines and neurotransmitters [31]. Since the expres-
sion of β-ARs was observed in human lung adenocar-
cinoma A549 cells [65,66], only an immunohistochemical
analysis for β-ARs in B16F1 cells was carried out. Hegener
et al. [65] also found that the internalization and en-
docytosis of β2-AR in A549 cells were stimulated by
terbutaline (selective β2-AR agonist) and forskolin (cAMP
analogs), whereas blocked by propranolol. In our study,
the strong expression of β-ARs located in the cytoplasma
and there was no difference of staining intensity between
β1-AR and β2-AR discerned with naked eyes. This finding
in our study provided the basis for following research on
the β-AR/cAMP/PKA pathway in B16F1 cells. Conside-
ring ARs play a key role mediating the effect on tumors
induced by chronic stress and endow tumor cells the po-
tential to respond to neurotransmitters, few scholars sug-
gest the receptor-based interference of intracellular ARs
signaling pathway as a new approach to resist this effect
[9,42,67,68]. Powe et al. [69] found, in breast cancer, β2-
AR strongly immunoreactive in cases with a luminal
phenotype and good clinic outcome while α1b-AR and



Figure 6 The proliferation and migration of A549 cells under PKI and H-89. MTT assay showed that H-89 inhibited the proliferation of A549
cells (A) and wound healing assay showed H-89 lowered the migration of A549 cells (B and C). CON, control. *, P≤ 0.05.
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α2c-AR over-expressed in basal-like phenotypes of poor
prognosis. So ARs might be supposed to be potential
predictors for survival and probable indicators for tar-
geted therapy with AR blockers.
In the present research, it was approved in A549 cells

that the NE-induced up-regulation in both protein and
gene levels of VEGF, IL-8 and IL-6 was chiefly mediated
by β-AR/cAMP/PKA signaling pathway which had been
found to play a key role in mouse xenografts of melanoma
and ovarian cancer [9,17]. The stimulation of β-ARs by
neurotransmitters induces multiple signaling pathways of
which the most important one approved is cAMP/PKA/
CREB (cAMP response element binding protein). Then
the activation of CREB, a transcription factor, initiates
the arachidonic acid cascade, the Src/STAT and the
EGFR pathways followed by a wide variety of biological
effects [9,70].

Conclusions
Taken together, our data support the hypothesis that ex-
ogenous norepinephrine gives rise to the attenuation in the
efficacy of sunitinib in a mouse melanoma model and pro-
vide a reason for the discrepancy of the efficacy of anti-
angiogenic drugs between clinical and preclinical results.
The combination of anti-angiogenic agents with β-AR
antagonists such as propranolol, a drug for cardio-
vascular disease for decades, might eliminate the in-
effectiveness of anti-angiogenic agents alone and enhance
their efficacy in some types of tumors, which has yet to
be approved in prospective randomized controlled trials
in clinic.

Competing interests
The authors declare no conflict of interests.

Authors’ contributions
YJ and YQW designed the procedure of the study. GHD carried out the plan
and drafted the manuscript. JL, JZ and YW participated in cell culture, animal
experiments and immunohistological analysis. XCP assisted in RT-PCR and
statistical analysis. YJ and YQW supervised the whole experimental work and
revised the manuscript. All authors read and approved the manuscript.

Acknowledgement
This work was supported by the National Natural Sciences Foundation of
China (81172202).



Deng et al. Journal of Experimental & Clinical Cancer Research 2014, 33:21 Page 11 of 12
http://www.jeccr.com/content/33/1/21
Received: 4 December 2013 Accepted: 18 February 2014
Published: 20 February 2014
References
1. Gomez-Merino D, Drogou C, Chennaoui M, et al: Effects of combined

stress during intense training on cellular immunity, hormones and
respiratory infections. Neuroimmunomodulation 2005, 12:164–172.

2. Glaser R, Kiecolt-Glaser JK: Stress-induced immune dysfunction: implications
for health. Nat Rev Immunol 2005, 5:243–251.

3. Johnson JD, Campisi J, Sharkey CM, Kennedy SL, Nickerson M, Greenwood
BN, Fleshner M: Catecholamines mediate stress-induced increases in
peripheral and central inflammatory cytokines. Neuroscience 2005,
135:1295–1307.

4. Reiche EM, Nunes SO, Morimoto HK: Stress, depression, the immune
system, and cancer. Lancet Oncol 2004, 5:617–625.

5. Shiao SL, Ganesan AP, Rugo HS, Coussens LM: Immune microenvironments
in solid tumors: new targets for therapy. Genes Dev 2011, 25:2559–2572.

6. Verbrugghe E, Boyen F, Gaastra W, Bekhuis L, Leyman B, Van Parys A,
Haesebrouck F, Pasmans F: The complex interplay between stress and
bacterial infections in animals. Vet Microbiol 2012, 155:115–127.

7. Masur K, Niggemann B, Zanker KS, Entschladen F: Norepinephrine-induced
migration of SW 480 colon carcinoma cells is inhibited by beta-blockers.
Cancer Res 2001, 61:2866–2869.

8. Lutgendorf SK, Cole S, Costanzo E, Bradley S, Coffin J, Jabbari S, Rainwater K,
Ritchie JM, Yang M, Sood AK: Stress-related mediators stimulate vascular
endothelial growth factor secretion by two ovarian cancer cell lines.
Clin Cancer Res 2003, 9:4514–4521.

9. Thaker PH, Han LY, Kamat AA, Arevalo JM, Takahashi R, Lu C, Jennings NB,
Armaiz-Pena G, Bankson JA, Ravoori M, et al: Chronic stress promotes
tumor growth and angiogenesis in a mouse model of ovarian carcinoma.
Nat Med 2006, 12:939–944.

10. Entschladen F, Drell TL 4th, Lang K, Joseph J, Zaenker KS: Tumour-cell
migration, invasion, and metastasis: navigation by neurotransmitters.
Lancet Oncol 2004, 5:254–258.

11. Kiecolt-Glaser JK, Loving TJ, Stowell JR, Malarkey WB, Lemeshow S,
Dickinson SL, Glaser R: Hostile marital interactions, proinflammatory
cytokine production, and wound healing. Arch Gen Psychiatry 2005,
62:1377–1384.

12. Asano A, Morimatsu M, Nikami H, Yoshida T, Saito M: Adrenergic activation
of vascular endothelial growth factor mRNA expression in rat brown
adipose tissue: implication in cold-induced angiogenesis. Biochem J 1997,
328(Pt 1):179–183.

13. Hassan S, Karpova Y, Baiz D, Yancey D, Pullikuth A, Flores A, Register T, Cline
JM, D’Agostino R Jr, Danial N, et al: Behavioral stress accelerates prostate
cancer development in mice. J Clin Invest 2013, 123:874–886.

14. Palm D, Lang K, Niggemann B, Drell TL 4th, Masur K, Zaenker KS,
Entschladen F: The norepinephrine-driven metastasis development of
PC-3 human prostate cancer cells in BALB/c nude mice is inhibited by
beta-blockers. Int J Cancer 2006, 118:2744–2749.

15. Sloan EK, Priceman SJ, Cox BF, Yu S, Pimentel MA, Tangkanangnukul V,
Arevalo JM, Morizono K, Karanikolas BD, Wu L, et al: The sympathetic
nervous system induces a metastatic switch in primary breast cancer.
Cancer Res 2010, 70:7042–7052.

16. Stock AM, Powe DG, Hahn SA, Troost G, Niggemann B, Zanker KS,
Entschladen F: Norepinephrine inhibits the migratory activity of
pancreatic cancer cells. Exp Cell Res 2013, 319:1744–1758.

17. Yang EV, Kim SJ, Donovan EL, Chen M, Gross AC, Webster MJI, Barsky SH,
Glaser R: Norepinephrine upregulates VEGF, IL-8, and IL-6 expression in
human melanoma tumor cell lines: implications for stress-related
enhancement of tumor progression. Brain Behav Immun 2009, 23:267–275.

18. Yang EV, Sood AK, Chen M, Li Y, Eubank TD, Marsh CB, Jewell S, Flavahan
NA, Morrison C, Yeh PE, et al: Norepinephrine up-regulates the expression
of vascular endothelial growth factor, matrix metalloproteinase (MMP)-2,
and MMP-9 in nasopharyngeal carcinoma tumor cells. Cancer Res 2006,
66:10357–10364.

19. Friedman GD, Udaltsova N, Habel LA: Norepinephrine antagonists and
cancer risk. Int J Cancer 2011, 128:737–738. author reply 739.

20. Barron TI, Connolly RM, Sharp L, Bennett K, Visvanathan K: Beta blockers
and breast cancer mortality: a population- based study. J Clin Oncol 2011,
29:2635–2644.
21. Melhem-Bertrandt A, Chavez-Macgregor M, Lei X, Brown EN, Lee RT,
Meric-Bernstam F, Sood AK, Conzen SD, Hortobagyi GN, Gonzalez-Angulo AM:
Beta-blocker use is associated with improved relapse-free survival in
patients with triple-negative breast cancer. J Clin Oncol 2011,
29:2645–2652.

22. Powe DG, Voss MJ, Zanker KS, Habashy HO, Green AR, Ellis IO, Entschladen F:
Beta-blocker drug therapy reduces secondary cancer formation in breast
cancer and improves cancer specific survival. Oncotarget 2010, 1:628–638.

23. Bagi CM, Gebhard DF, Andresen CJ: Antitumor effect of vascular
endothelial growth factor inhibitor sunitinib in preclinical models of
hepatocellular carcinoma. Eur J Gastroenterol Hepatol 2012, 24:563–574.

24. Welti JC, Powles T, Foo S, Gourlaouen M, Preece N, Foster J, Frentzas S, Bird D,
Sharpe K, van Weverwijk A, et al: Contrasting effects of sunitinib within
in vivo models of metastasis. Angiogenesis 2012, 15:623–641.

25. Gaustad JV, Pozdniakova V, Hompland T, Simonsen TG, Rofstad EK: Magnetic
resonance imaging identifies early effects of sunitinib treatment in human
melanoma xenografts. J Exp Clin Cancer Res 2013, 32:93.

26. Li L, Leedom TA, Do J, Huang H, Lai J, Johnson K, Osothprarop TF, Rizzo JD,
Doppalapudi VR, Bradshaw CW, et al: Antitumor efficacy of a
thrombospondin 1 mimetic CovX-body. Transl Oncol 2011, 4:249–257.

27. Shojaei F, Lee JH, Simmons BH, Wong A, Esparza CO, Plumlee PA, Feng J,
Stewart AE, Hu-Lowe DD, Christensen JG: HGF/c-Met acts as an alternative
angiogenic pathway in sunitinib-resistant tumors. Cancer Res 2010,
70:10090–10100.

28. Singhal SS, Sehrawat A, Sahu M, Singhal P, Vatsyayan R, Rao LPC, Yadav S,
Awasthi S: Rlip76 transports sunitinib and sorafenib and mediates drug
resistance in kidney cancer. Int J Cancer 2010, 126:1327–1338.

29. Ma YP, Yang Y, Zhang S, Chen X, Zhang N, Wang W, Cao ZX, Jiang Y, Zhao X,
Wei YQ, et al: Efficient inhibition of lung cancer in murine model by
plasmid-encoding VEGF short hairpin RNA in combination with low-dose
DDP. J Exp Clin Cancer Res 2010, 29:56.

30. Ning T, Yan X, Lu ZJ, Wang GP, Zhang NG, Yang JL, Jiang SS, Wu Y, Yang L,
Guan YS, et al: Gene therapy with the angiogenesis inhibitor endostatin in
an orthotopic lung cancer murine model. Hum Gene Ther 2009, 20:103–111.

31. Dhabhar FS: Enhancing versus suppressive effects of stress on immune
function: implications for immunoprotection versus immunopathology.
Allergy Asthma Clin Immunol 2008, 4:2–11.

32. Miller AH, Ancoli-Israel S, Bower JE, Capuron L, Irwin MR: Neuroendocrine-
immune mechanisms of behavioral comorbidities in patients with
cancer. J Clin Oncol 2008, 26:971–982.

33. Jiang Y, Liu C, Li JY, Huang MJ, Yao WX, Zhang R, Yao B, Du XB, Chen J, Xie K,
Zhao X, Wei YQ: Different attitudes of chinese patients and their families
toward truth telling of different stages of cancer. Psychooncology 2007,
16(10):928–936.

34. Lai XF, Shen CX, Wen Z, Qian YH, Yu CS, Wang JQ, Zhong PN, Wang HL:
PinX1 regulation of telomerase activity and apoptosis in nasopharyngeal
carcinoma cells. J Exp Clin Cancer Res 2012, 31:12.

35. Wang YH, Dong YY, Wang WM, Xie XY, Wang ZM, Chen RX, Chen J, Gao
DM, Cui JF, Ren ZG: Vascular endothelial cells facilitated HCC invasion
and metastasis through the Akt and NF-kappaB pathways induced by
paracrine cytokines. J Exp Clin Cancer Res 2013, 32:51.

36. Cuozzo F, Raciti M, Bertelli L, Parente R, Di RL: Pro-death and pro-survival
properties of ouabain in U937 lymphoma derived cells. J Exp Clin Cancer
Res 2012, 31:95.

37. Ren J, Liu H, Yan L, Tian S, Li D, Xu Z: Microvessel density and heparanase
over-expression in clear cell renal cell cancer: correlations and prognostic
significances. World J Surg Oncol 2011, 9:158.

38. Zhang Q, Zhang Y, Wang SZ, Wang N, Jiang WG, Ji YH, Zhang SL: Reduced
expression of tissue factor pathway inhibitor-2 contributes to apoptosis
and angiogenesis in cervical cancer. J Exp Clin Cancer Res 2012, 31:1.

39. Kumar BN, Rajput S, Dey KK, Parekh A, Das S, Mazumdar A, Mandal M: Celecoxib
alleviates tamoxifen-instigated angiogenic effects by ROS-dependent VEGF/
VEGFR2 autocrine signaling. BMC Cancer 2013, 13:273.

40. Kutikov A, Makhov P, Golovine K, Canter DJ, Sirohi M, Street R, Simhan J,
Uzzo RG, Kolenko VM: Interleukin-6: a potential biomarker of resistance to
multitargeted receptor tyrosine kinase inhibitors in castration-resistant
prostate cancer. Urology 2011, 78(968):e7–e11.

41. Yamada S, Kato S, Matsuhisa T, Makonkawkeyoon L, Yoshida M,
Chakrabandhu T, Lertprasertsuk N, Suttharat P, Chakrabandhu B, Nishiumi S,
et al: Predominant mucosal IL-8 mRNA expression in non-cagA Thais is
risk for gastric cancer. World J Gastroenterol 2013, 19:2941–2949.



Deng et al. Journal of Experimental & Clinical Cancer Research 2014, 33:21 Page 12 of 12
http://www.jeccr.com/content/33/1/21
42. Cole SW, Sood AK: Molecular pathways: beta-adrenergic signaling in
cancer. Clin Cancer Res 2012, 18:1201–1206.

43. Blanchard RJ, McKittrick CR, Blanchard DC: Animal models of social stress:
effects on behavior and brain neurochemical systems. Physiol Behav 2001,
73:261–271.

44. Calvo N, Cecchi M, Kabbaj M, Watson SJ, Akil H: Differential effects of
social defeat in rats with high and low locomotor response to novelty.
Neuroscience 2011, 183:81–89.

45. Delgado-Morales R, del Rio E, Gomez-Roman A, Bisagno V, Nadal R, de
Felipe C, Armario A: Adrenocortical and behavioural response to chronic
restraint stress in neurokinin-1 receptor knockout mice. Physiol Behav
2012, 105:669–675.

46. Hermes GL, Delgado B, Tretiakova M, Cavigelli SA, Krausz T, Conzen SD,
McClintock MK: Social isolation dysregulates endocrine and behavioral
stress while increasing malignant burden of spontaneous mammary
tumors. Proc Natl Acad Sci USA 2009, 106:22393–22398.

47. Li S, Wang C, Wang W, Dong H, Hou P, Tang Y: Chronic mild stress impairs
cognition in mice: from brain homeostasis to behavior. Life Sci 2008,
82:934–942.

48. Micera E, Moramarco AM, Zarrilli A: Reduction of the olfactory cognitive
ability in horses during preslaughter: stress-related hormones evaluation.
Meat Sci 2012, 90:272–275.

49. Rainer Q, Nguyen HT, Quesseveur G, Gardier AM, David DJ, Guiard BP:
Functional status of somatodendritic serotonin 1A autoreceptor after
long-term treatment with fluoxetine in a mouse model of anxiety/
depression based on repeated corticosterone administration. Mol Pharmacol
2012, 81:106–112.

50. Majeti BK, Lee JH, Simmons BH, Shojaei F: VEGF is an important mediator
of tumor angiogenesis in malignant lesions in a genetically engineered
mouse model of lung adenocarcinoma. BMC Cancer 2013, 13:213.

51. Ning Y, Manegold PC, Hong YK, Zhang W, Pohl A, Lurje G, Winder T, Yang
D, LaBonte MJ, Wilson PM, et al: Interleukin-8 is associated with
proliferation, migration, angiogenesis and chemosensitivity in vitro and
in vivo in colon cancer cell line models. Int J Cancer 2011, 128:2038–2049.

52. Senger DR, Galli SJ, Dvorak AM, Perruzzi CA, Harvey VS, Dvorak HF: Tumor
cells secrete a vascular permeability factor that promotes accumulation
of ascites fluid. Science 1983, 219:983–985.

53. Spannuth WA, Sood AK, Coleman RL: Angiogenesis as a strategic target
for ovarian cancer therapy. Nat Clin Pract Oncol 2008, 5:194–204.

54. Gille J, Heidenreich R, Pinter A, Schmitz J, Boehme B, Hicklin DJ, Henschler
R, Breier G: Simultaneous blockade of VEGFR-1 and VEGFR-2 activation is
necessary to efficiently inhibit experimental melanoma growth and
metastasis formation. Int J Cancer 2007, 120:1899–1908.

55. Tammela T, Zarkada G, Wallgard E, Murtomaki A, Suchting S, Wirzenius M,
Waltari M, Hellstrom M, Schomber T, Peltonen R, et al: Blocking VEGFR-3
suppresses angiogenic sprouting and vascular network formation. Nature
2008, 454:656–660.

56. Klosowska-Wardega A, Hasumi Y, Ahgren A, Heldin CH, Hellberg C:
Combination therapy using imatinib and vatalanib improves the
therapeutic efficiency of paclitaxel towards a mouse melanoma tumor.
Melanoma Res 2010, 21:57–65.

57. Chen YJ, Chen YY, Lin YF, Hu HY, Liao HF: Resveratrol inhibits alpha-
melanocyte-stimulating hormone signaling, viability, and invasiveness in
melanoma cells. Evid Based Complement Alternat Med 2013, 2013:632121.

58. Johannesdottir SA, Schmidt M, Phillips G, Glaser R, Yang EV, Blumenfeld M,
Lemeshow S: Use of ss-blockers and mortality following ovarian cancer
diagnosis: a population-based cohort study. BMC Cancer 2013, 13:85.

59. Baumgarten P, Brokinkel B, Zinke J, Zachskorn C, Ebel H, Albert FK, Stummer W,
Plate KH, Harter PN, Hasselblatt M, et al: Expression of vascular endothelial
growth factor (VEGF) and its receptors VEGFR1 and VEGFR2 in primary and
recurrent WHO grade III meningiomas. Histol Histopathol 2013, 28:1157–1165.

60. Bauerschlag DO, Hilpert F, Meier W, Rau J, Meinhold-Heerlein I, Maass N,
Dubois A, Sehouli J, Arnold N, Schem C, et al: Evaluation of potentially
predictive markers for anti-angiogenic therapy with sunitinib in recurrent
ovarian cancer patients. Transl Oncol 2013, 6:305–310.

61. Rini BI, Michaelson MD, Rosenberg JE, Bukowski RM, Sosman JA, Stadler WM,
Hutson TE, Margolin K, Harmon CS, DePrimo SE, et al: Antitumor activity and
biomarker analysis of sunitinib in patients with bevacizumab-refractory
metastatic renal cell carcinoma. J Clin Oncol 2008, 26:3743–3748.
62. Bellmunt J, Gonzalez-Larriba JL, Prior C, Maroto P, Carles J, Castellano D,
Mellado B, Gallardo E, Perez-Gracia JL, Aguilar G, et al: Phase II study of
sunitinib as first-line treatment of urothelial cancer patients ineligible to
receive cisplatin-based chemotherapy: baseline interleukin-8 and tumor
contrast enhancement as potential predictive factors of activity. Ann Oncol
2011, 22:2646–2653.

63. Broutin S, Ameur N, Lacroix L, Robert T, Petit B, Oumata N, Talbot M, Caillou
B, Schlumberger M, Dupuy C, et al: Identification of soluble candidate
biomarkers of therapeutic response to sunitinib in medullary thyroid
carcinoma in preclinical models. Clin Cancer Res 2011, 17:2044–2054.

64. Zhu AX, Sahani DV, Duda DG, di Tomasco E, Ancukiewicz M, Catalano OA,
Sindhwani V, Blaszkowsky LS, Yoon SS, Lahdenranta J, et al: Efficacy, safety,
and potential biomarkers of sunitinib monotherapy in advanced
hepatocellular carcinoma: a phase II study. J Clin Oncol 2009, 27:3027–3035.

65. Hegener O, Prenner L, Runkel F, Baader SL, Kappler J, Haberlein H:
Dynamics of beta2-adrenergic receptor-ligand complexes on living cells.
Biochemistry 2004, 43:6190–6199.

66. Sieben A, Kaminski T, Kubitscheck U, Haberlein H: Terbutaline causes
immobilization of single beta2-adrenergic receptor-ligand complexes in
the plasma membrane of living A549 cells as revealed by single-molecule
microscopy. J Biomed Opt 2011, 16:026013.

67. Dhabhar FS, McEwen BS: Enhancing versus suppressive effects of stress
hormones on skin immune function. Proc Natl Acad Sci USA 1999,
96:1059–1064.

68. Moreno-Smith M, Lutgendorf SK, Sood AK: Impact of stress on cancer
metastasis. Future Oncol 2010, 6:1863–1881.

69. Powe DG, Voss MJ, Habashy HO, Zanker KS, Green AR, Ellis IO, Entschladen F:
Alpha- and beta-adrenergic receptor (AR) protein expression is associated
with poor clinical outcome in breast cancer: an immunohistochemical
study. Breast Cancer Res Treat 2011, 130:457–463.

70. Schuller HM: Beta-adrenergic signaling, a novel target for cancer therapy.
Oncotarget 2010, 1:466–469.

doi:10.1186/1756-9966-33-21
Cite this article as: Deng et al.: Exogenous norepinephrine attenuates
the efficacy of sunitinib in a mouse cancer model. Journal of
Experimental & Clinical Cancer Research 2014 33:21.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Cell culture
	Reagents
	In vitro cell proliferation assays for measuring the IC50 (half maximal inhibitory concentration) of sunitinib in B16F1 cells
	Evaluation of the influence of NE on mRNA and protein expression in�vitro
	Evaluation of β-AR (β-adrenoceptor)/cAMP/PKA signaling pathway
	In vivo tumor model
	Establishment of chronic stress in�vivo and treatment with sunitinib
	ELISA
	Immunohistochemistry for CD31, VEGF, β1-AR and β2-AR
	Assessment of microvessel density
	RT-PCR analysis
	Statistical analysis

	Results
	NE upregulates VEGF, IL-8, and IL-6 protein levels in culture supernatants of B16F1 (with or without sunitinib) and A549 cells, which can be blocked by propranolol
	NE promotes tumor growth in the murine B16F1 model under the treatment of sunitinib and can be blocked by propranolol
	NE stimulates tumor angiogenesis in the B16F1 model treated with sunitinib
	Beta1-AR and β2-AR are expressed in B16F1 cells
	NE upregulates VEGF, IL-8, and IL-6 gene expression in A549 cells
	Beta-AR/cAMP/PKA signaling pathway contributes to the NE effect in A549 cells

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


