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Abstract. The metastatic process is the most serious cause 
of cancer death. Norepinephrine, secreted in chronic stress 
conditions, stimulates the motility of breast and colon 
cells through β-adrenergic receptor. On these bases, we 
examined its possible role in metastasis formation and devel-
opment in vitro and in vivo. Treatments with norepinephrine 
(β2-adrenoreceptor agonist) in mice xenografted with human 
DU145 prostate cancer cells increased the metastatic potential 
of these cells. Specifically, we showed that treatment of mice 
with norepinephrine induced a significant increase of the 
migratory activity of cancer cells in a concentration-depen-
dent manner and that this process was blocked by propanolol 
(β-adrenergic antagonist). Mice treated with norepinephrine, 
displayed an increased number of metastatic foci of DU145 
cells in inguinal lymph nodes and also showed an increased 
expression of MMP2 and MMP9 in tumor samples compared 
to controls. Moreover, we demonstrated that propanolol 
induced in norepinephrine treated DU145 cells a E-cadherin 
finger-like membrane protrusions driven by vimentin remod-
eling. Altogether these data suggest that β2-AR plays an 

important role in prostate cancer metastasis formation and that 
the treatment with antagonist propanolol, could represents an 
interesting tool to control this process in cells overexpressing 
β2AR.

Introduction

The fight or flight response triggered by stress is elicited by 
the production of mediators, such as the catecholamines, 
norepinephrine (NE) and epinephrine (E), from the 
sympathetic nervous system and the adrenal medulla. The 
hypothalamic-pituitary-adrenal response includes the release 
of corticotrophin-releasing hormone from the hypothalamus 
and the secretion of adrenocorticotrophic hormone from the 
anterior pituitary. This process results in a downstream release 
of glucocorticoids, such as cortisol, from the adrenal cortex. 
The tumor is not independent from its microenvironment (1,2); 
in fact, it interacts with its adjacent cells and also with neuroen-
docrine system. Tumor cells express different neurotransmitter 
receptors and react with different neurotransmitters released 
by the autonomic nervous system from the brain, peripheral 
plexuses, ganglia and adrenal medulla (1,2). Therefore, it is 
increasingly clear that malignant tumors are under the regu-
latory control of the nervous system, and that these signals 
may represent a metastatic drive to tumor cells. This process 
is called neoneurogenesis and, as angiogenesis forms new 
vessel in the tumors, it occurs when produced neurotrophins 
stimulate adjacent nerve cells to develop nerve endings into 
the tumor. This innervation could stimulate the development 
of metastases, since tumor cells respond to neurotransmit-
ters with increased migratory activity (e.g., norepinephrine). 
Actually, many biological cancer findings are focused on the 
regulation of migration of tumor cells that is a prerequisite 
for cancer invasion and metastasis. For example, it has been 
shown that chemo-kinesis induces the migration of tumor 
cells (1,2), and directs the tumor cells to specific organs (3). 
Norepinephrine is a neurotransmitter released in stress reac-
tions. The long-lasting elevation of catecholamines attributable 
to chronic stress, is known to be a risk factor for heart disease 
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as well as for cancer. Previous studies provided molecular 
evidence for a functional link between psychoneurological 
events, through the increasing release of the neurotransmitter 
norepinephrine in vivo, and their promigratory influence in 
tumor cells in vitro. In previous studies, some authors exam-
ined the expression of β2-adrenoreceptor (β2-AR) in breast, 
colon and prostatic cancer, and raised the possibility that 
β2-AR could be involved in metastasis to the location of these 
cancers (4-8). Epithelial-mesenchymal transition (EMT) has a 
key role in the progression of cancer to an invasive phenotype. 
The differential remodeling of E-cadherin and vimentin has 
been characterized in cells that have undergone EMT. The loss 
of E-cadherin occurs in most epithelial cancers, and can be 
correlated to higher mobility and invasiveness of tumor cells 
(9,10). On the other hand, the increased vimentin expression is 
usually associated with increased in vitro motility of cancer 
cell lines (9,10).

In the present study, we found that treatment with norepi-
nephrine induces an increased in vitro and in vivo migration of 
DU145 human hormone-independent prostate cancer cell line. 
Moreover, in norepinephrine treated mice the increased expres-
sion of MMP2 and MMP9 in tumor tissues is paralleled by the 
presence of metastasis in lymph nodes proximal to the tumor. 
These effects are antagonized by β2AR antagonist propranolol. 
Collectively, the data show that norepinephrine initiates and 
drives migration providing a rationale for both the develop-
ment and localization of metastases and that β-blockers such as 
propranolol could be used for chemoprevention of metastasis 
development.

Materials and methods

Cells. Human prostate cancer cell line hormone-independent 
DU145, was purchased from American Type Culture 
Collection (ATCC, Manassas, VA, USA) and grown in 
Dulbecco's Modified Eagle's medium (DMEM) supple-
mented with glutamine, essential and non-essential amino 
acids, vitamins, antibiotics, and 10% heat-inactivated fetal 
bovine serum (Gibco/Invitrogen, Grand Island, NY, USA). 
The cells were maintained at 37˚C in a humidified atmo-
sphere of 5% CO2. All experiments were performed with 
cultures grown for no longer than 6 weeks after recovery 
from frozen stocks.

Animals. Thirty-eight-week-old male Foxnnu/nu mice were 
purchased by Harlan, San Pietro al Natisone (Italy). Mice were 
housed 5 per cage and maintained on a 12-h light:12-h dark 
cycle (lights on at 7.00 a.m.) in a temperature-controlled room 
(22±2˚C) and with food and water ad libitum. The experimental 
protocols were in compliance with the European Community 
Council directive (86/609/EEC). After 1-week of acclimation 
to the housing conditions, mice were injected subcutaneously 
(s.c.) with a suspension of DU145 cells (1x106 cells/mouse in 
the right hind limb).

After 1 week, mice were randomized for tumor volume 
and weight according to Fisher's exact test. Tumor growth 
was measured every 2-3 days with a digital caliper 2BIOL 
(Besozzo, Italy) and expressed as volume, according to the 
formula: V = (a x b2)/2 (a = the largest superficial diameter and 
b = the smallest superficial diameter). Animals, were sacri-

ficed with cervical dislocation when they reached the cut-off 
of 1500 mm3 or when presenting signs of pain.

Drug administration. When the tumor mass was palpable 
and measurable, mice were treated with S-propranolol 
hydrochloride, a non-selective β-adrenoreceptor antagonist 
(Sigma-Aldrich, St. Louis, MO, USA) (2 mg/kg/day), and with 
28 µM of norepinephrine tartrate (Sigma-Aldrich) via intra-
peritoneal injection, or either combination every day until they 
reached the cut-off.

Wound healing assay or proliferation assay. DU145 cells 
were seeded at the density of 40x103 cells per well into a 
24-multiwell plate, and cultured in their respective culture 
medium supplemented with 1% FBS. At the time of conflu-
ence, the cells were incubated in the absence or presence of 
norepinephrine and propranolol and their combination at same 
concentration (10 µM) for 24 and 48 h. Then, a slit was made 
horizontally with a white tip at the center of each confluent 
well, the medium was changed after gentle rinse and cells 
were cultured for 24 h with or without norepinephrine and 
propranolol. Cell invasion on the slit of the confluent well, was 
assessed at time 0, 24 and 48 h in each condition, by light 
microscopy.

Invasion test. In vitro cell migration was assayed in 24-well 
cell culture plates using inserts with 8-µm pore membranes 
(Costar, San Diego, CA, USA) according to the method 
described by Katayama et al (11). In brief, membrane was 
precoated with 20 µl per insert of Matrigel (BD Pharmingen, 
Bedford, MA, USA) diluted 1:1 by RPMI-1640. DU145 cell 
line (1x105  per ml) were suspended in 500  µl migration 
buffer (DMEM/0.5% bovine serum albumin) per well and 
loaded into the upper compartment of the chamber. The lower 
compartment of the chamber was loaded with 10-400 ng/ml 
norepinephrine (Sigma, St. Louis, MO, USA) in 500 µl migra-
tion buffer. After incubation at 37˚C for 24 h, the cells on the 
lower surface of membrane were fixed in 70% ethanol, stained 
with hematoxylin, and counted under a microscope (Olympus, 
Tokyo, Japan). Each value was expressed as a mean number 
of five different fields. Three experiments were performed 
independently and the results were compared.

MTT. Cell viability was evaluated using 3-(4, 5-dimethyl 
(thiazol-2-yl)-2, 5-diphenyltetrazolium bromide) (MTT), the 
reagent that measures the metabolic activity of cells. The 
stock solution of MTT (5 mg/ml) was prepared in phosphate-
buffered saline (PBS) and stored in the dark at 4˚C. A 100-µl 
aliquot of a dilution prepared in culture medium (1 mg/ml 
final) was filtered (0.22 µm) and added to the cells growing 
with/without CBGM. After 3 h of incubation the supernatant 
was removed. Formazan crystals in viable cells were dissolved 
in ethanol (96% v/v) and absorbance was measured by the 
Multiskan® FC microplate photometer (Thermo Scientific, 
USA) at 540 nm. After the treatment described above, MTT 
(Sigma) was added to a final concentration of 0.5 mg/ml and 
incubated for 4 h at 37  ˚C. The culture medium was then 
removed, and the remaining blue precipitate was solubilized 
in DMSO followed by an absorbance reading at 570 nm in a 
plate reader using 630 nm as a reference (Spectra Max 340; 
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Molecular Devices, Sunnyvale, CA, USA). This reading was 
divided by the adjusted absorbance reading of untreated cells 
in control wells to obtain the percentage of cell survival. All 
experiments were carried out in triplicates.

Histology and immunohistochemistry (IHC). Sections were 
deparaffinized in xylene for 10 min each and then were rehy-
drated through graded alcohols. To inhibit endogenous peroxide 
activity, sections were rinsed in mixture of 100% methanol 
and 0.3% hydrogen peroxide for 40 min. Then, they were put 
in a microwave oven in a jar filled with 10 mmol/l sodium 
citrate buffer (pH 6.0) for 10 min. Following this treatment, 
sections were allowed to cool at room temperature. Sections 
were incubated with normal goat serum (Zymed, San Diego, 
CA, USA) at RT for 20 min and then incubated with chicken 
anti‑MMP-2, MMP-9 5-15 µg/ml (R&D Systems, Minneapolis, 
MN, USA) and pan cytokeratin antibody 1:50 (Dako, Italy) at 
room temperature for 1 h. A negative control was used in all 
experiments without the primary antibody. After the period 
of incubation, sections were washed three times with PBS. 
Then, they were incubated with the linking reagent (biotin-
labeled affinity purified antibody; KPL, Gaithersburg, MD, 
USA) at room temperature for 1 h. After three washes with 
PBS, the sections were incubated with a complex of avidin 
DH and biotinylated enzyme (Zymed) at room temperature 

for 30 min. Then, sections were washed three times with PBS 
again and incubated with a mixture of an equal volume of 
0.02% hydrogen peroxide and diaminobenzidine tetrahydro-
chloride (Dako, Italy) for 1 min in the dark. After chromogenic 
development, sections were washed in water and counter-
stained with hematoxylin. The stained slides were investigated 
independently by two pathologists who had no knowledge of 
the clinical parameters and outcomes. For microscope analysis 
of the slides, they each selected five high-powered fields 
whereby each field contained >200 tumor cells, and counted 
both positive and negative cancer cells. In total, >1,000 tumor 
cells were counted. We calculated the average of 10 readings 
of positive cells as a percentage of all the cells to determine 
staining scores. We judged the expression of MMP2 and 
MMP9 and Pan cytokeratin. The cases were graded as either 
positive of marker expression (MMP-2, MMP-9, Pan cyto-
keratin >30%) or negative cases (<30% positive tumor cells) 
for the subsequent statistical analyses.

Immunostaining and confocal microscopy. DU145 cells were 
treated with 10 µM norepinephrine (NE10), 10 µM propranolol 
(P10) and N10-P10 combination. After 48 h, DU145 cells were 
fixed in PBS 4% paraformaldehyde then permeabilized for 
5 min with PBS 1% Triton. Immunostaining was carried out by 
incubation with anti-E-cadherin and anti-vimentin antibodies 

Figure 1. Norepinephrine stimulates proliferation in DU145 cell lines. DU145 cancer cells were incubated in medium containing (A, E and I) medium (Ctr), 
(B, F and J) 10 µm norepinephrine (NE10), (C, G and K), 10 µm propranolol (P10), (D, H and L) 10 µm propanolol and 10 µm propranolol (NE10+P10). 
Cell migration rates were quantitatively assessed by counting the number of cells in the denuded area at 0, 24, and 48 h after wound induction. At 48 h after 
wound induction, there were clearly more cells in the denuded area of norepinephrine-treated cells than untreated cells or propranolol or combination-
treated cells.
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1:1,000 followed by revelation using Alexa Fluor 633-conju-
gated anti-rabbit immunoglobulin (Ig)G antibodies and 
Alexa  Fluor 488-conjugated anti-rabbit IgG antibodies, 
respectively (Jackson Immunoresearch Laboratories, West 
Grove, PA, USA) at a dilution of 1:1,000 for 1 h. The cells were 
analyzed by an LSM-410 Zeiss confocal microscope.

Semiquantitative Rt-PCR analysis. Cells (DU145) grown in 
monolayers were harvested at early confluence. Total RNA 
was extracted from cultured cells using Trizol reagent. 
The RNA concentration was measured by Biophotometer 
(Eppendorf) at 260 nm. Then 1  µl of the product was 
subjected to PCR amplification using Mastercycler Personal 
(Eppendorf, Italy) according to the manufacturer's instruc-
tions. Semiquantitative RT-PCR was performed starting with 
1cDNA, followed by specific gene product amplification with 
One-Step RT-PCR kit (Invitrogen, Burlington, ON, Canada). 
PCR cycling conditions for b2-AR mRNA were 95˚C for 
5 min; then 32 cycles of 94˚C for 1 min,  54˚C for 1 min,  
72˚C for 1 min; and finally extension at 72˚C for 7 min. The 
primer sequences of human b2-AR were designed as follows: 
forward 5'-ACGCAGCAAAGGGACGAG-3' and reverse 
5'-CACACCATCAGAATGATCAC-3'. Experiments were 
performed three times, for densitometric analysis of each set of 
data. PCR products were resolved by electrophoresis in 1-2% 
agarose gels and visualized by ethidium bromide staining. 
The densities of the b2-AR bands were divided by those of the 
GAPDH bands.

Protein extraction and western blot analysis. Cell lysates were 
prepared by adding ice-cold lysis buffer [0.5% Triton X-100, 
50 mmol/l Tris (pH 7.2), 140 mmol/l NaCl, 10 mmol/l EDTA, 
50 mmol/lNaF, 1 mmol/l Na3VO4] containing the protease 
inhibitor cocktail Complete Mini (Roche, Mannheim, 
Germany). Protein samples were mixed with an equal volume 
of 2% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) sample buffer, boiled for 5 min,  and 
then separated using 10% SDS-PAGE. After electrophoresis, 
proteins were transferred to PVDF membranes by semi-dry 
electrophoretic transfer. The membranes were blocked in 
5% dry milk, rinsed and then incubated with primary antibody 
of p53 (Sigma) overnight at 4˚C. The primary antibody was 
removed, membranes were washed four times and followed 
by HRP-conjugated secondary antibody. Detection was then 
performed using an enhanced chemiluminescence kit and 
exposed to X-ray film. Anti α-actin was used as loading 
control.

Statistical analysis. Normally distributed data are presented 
as mean ± SEM. Two-way ANOVA and Bonferroni post hoc 
test, were used to examine the significance of differences 
among groups (Graph pad Prism 5.0).

Results

Norepinephrine increases proliferation of DU145 cancer 
cells. We first determined whether norepinephrine increases 
the proliferation of human prostate cancer cells DU145 by 
performing in vitro assays. Proliferation test was performed 
by wound healing assay on cells treated with norepinephrine at 

10 µM (NE10), propranolol at 10 µM (P10) and their combina-
tion at the same concentration (NE+P10). Our results indicate 
that norepinephrine (Fig. 1B, F and J) increased the prolif-
eration of DU145 at 48 h compared to controls (Fig. 1A, E 
and I), to propranolol (Fig. 1C, G and K) and the combination 
(Fig. 1D, H and L). These results were also confirmed by MTT 
assay (data not shown).

Norepinephrine influences the expression of β2-adrenoreceptor 
in DU145 cell line. Since it has been demonstrated that the 
expression of β2-adrenoreceptor (β2-AR) in DU145 cell line 
is overexpressed when these cells are treated with norepineph-
rine, we performed expression studies of β2-AR on RNAs 
and proteins extracted from DU145 cells treated with 10 µM 
norepinephrine (NE10), 10 µM propranolol (P10) and their 
combination (NE+P10). RT-PCR analysis and western blotting 
results (Fig. 2A and B) showed that norepinephrine causes 
approximately 3-fold increase of β2-AR protein expression 
paralleled by enhanced expression of its mRNA. Propanolol 
almost completely antagonized this effect in DU145 cells.

Figure 2. NE influences the expression of β2-AR in DU145 cancer cells. 
RT-PCR analysis shows increased expression of β2-AR in cells treated with 
NE respect to control and the other groups. GAPDH β-actin was used as 
loading control  (B). Western blot analysis shows that β2-AR expression 
is enhanced in DU145 cells treated with NE respect to cells treated with 
propanol, β-actin was used as loading control. The intensity of the different 
bands determined at western blot analysis is represented as columns and 
normalized for β-actin loading control. Bars, SEs (C).
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Propranolol antagonizes the effects of norepinephrine on 
both E-cadherin and vimentin expression and intracellular 
localization. We investigated the mechanisms of the in vivo 
acquisition of tumor cell migratory properties induced by 
norepinephrine treatment and its possible correlation to EMT 
occurrence. Therefore, we evaluated both cell expression and 
localization of E-cadherin and vimentin in prostate cancer 
DU145 cells. Confocal microscopy showed that 10 µM norepi-
nephrine (NE10) (Fig. 3B) reduced E-cadherin expression and 
caused a delocalization of E-cadherin from cell membrane 
to the cytoplasm. The addition of 10 µM propranolol (P10) 
30 min before NE10 treatment completely antagonized this 
effect (Fig. 3D). Moreover, NE10 increased the expression 

of vimentin and P10 antagonized again this effect together 
with polar localization of vimentin on the inner side of cell 
membrane (Fig. 3D). Interestingly, P10 alone had slight effects 
on E-cadherin expression and localization if compared to 
untreated cells while inducing a decreased expression and 
delocalization of vimentin (Fig. 3C). These effects suggest that 
P10 antagonized the EMT occurrence induced by NE10 that 
mimics an in vivo stress condition.

The effects of norepinephrine on tumor growth and metastasis 
formation in a xenograft mouse model of prostate cancer. In 
order to study the role of norepinephrine on in vivo tumor 
growth, we generated a mouse model of prostate cancer by 

Figure 3. Subcellular localization of E-cadherin (red) and vimentin (green) in DU145 cells. Subcellular localization of E-cadherin (red) and vimentin (green) 
in DU145 cells without (A) and with 10 µM norepinephrine (B), 10 µM propranolol (C) and NE10+P10 combination (D). The cells were incubated with anti-
E-cadherin and anti-vimentin antibodies. Images were obtained by confocal microscopy.
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injection of DU145 cells subcutaneously into the right flank of 
mice. When tumors reached ~30-60 mm3, 2 weeks following 
cell injection, the mice were randomized into four groups: a) 
normal saline (control); b) 28 mM NE; c) 2 mg/kg propranolol; 
d) 28 mM NE and 2 mg/kg propanol. Tumor volumes were 

monitored once a week by using a digital caliper. Therapy was 
continued for 3 weeks. We also monitored the body weight of 
mice twice a week until the end of treatment. No difference 
was observed between the body weight of the different animal 
groups, indicating that treatments of mice with drugs is not 
associated with toxic effects. Mice were sacrificed at the end 
of treatment. Differently from that demonstrated by in vitro 
assays, in vivo experiments showed that norepinephrine is not 
able to influence the tumor growth of mice (P>0.05) (Fig. 4). 
In fact, NE induced an apparent but not significant decrease of 
tumor volume and this effect was almost completely antago-
nized again by the treatment with propranolol.

Norepinephrine influences the expression of cytokeratin (CK), 
MMP-2 and MMP-9. In order to show whether norepinephrine 
in vivo treatment induces the formation of metastasis foci in mice 
we performed immunostaining for pan-cytokeratin in inguinal 
lymph nodes in order to find epithelial cells that normally are 
absent. Our results show a significant increase of the positivity 
of lymph nodes for cells expressing CK in all the NE-treated 
animals suggesting a strong increase of metastatic cells and 
this effect was potently antagonized by propranolol in the 
combination-treated animals (Fig. 5G, H and I). Moreover, over-

Figure 4. Tumor growth of prostate cancer xenografts in immunocompro-
mised mice. Representative graph of in vivo tumor growth indicates that 
NE at concentration of 28 mM does not induce any significant difference 
of growth of DU145 cell lines compared to control, propranolol and norepi-
nephrine plus propranolol groups (P>0.05). Bars, SDs.

Figure 5. Immunohistochemical analysis of MMP-2, MMP-9 and CK in tumor sections of the mouse model of prostate cancer. MMP-9, MMP-2 and CK 
expression patterns are enhanced in tumor section of mice treated with NE10 (B, E and H) respect to NE10+P10 (C, F and I) and control groups (A, D and G). 
Magnification, x10. 
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expression of MMP2 and MMP9 in NE treated tumor samples 
(Fig. 5B and E) was observed compared to those of controls 
(Fig. 5A and D) and of mice treated with combination of the two 
substances (Fig. 5C and F). These data suggest an in vivo EMT 
effect induced by NE, with consequent increase of the metastatic 
processes, is not paralleled by tumor growth promotion.

Discussion

Several preclinical and clinical studies have shown that 
psychosocial stress has a role in the incidence and progres-
sion of cancer. The molecular basis underlying the connection 
between the neuroendocrine system and malignant tumors is 
still unclear. In recent years, it has been demonstrated that the 
immune system plays a role of mediator between these two 
systems and immunosuppression was supposed to enhance 
tumor establishment (11,12). Even if this role has been also 
demonstrated in our previous work on chronic stress and mela-
noma (13-16), in the present investigation, we dissected the 
role of NE in a complex living system represented by athymic 
mice that lack important parts of the cellular immune system 
demonstrating its effects also in an immunocompromised 
model. Moreover, it has been demonstrated that norepineph-
rine influences the cytotoxicity of natural killer cells (17) 
that could explain, at least in part, the effects on metastasis 
formation as we show in this report. In general, immunosup-
pression by NE or other neurotransmitters might contribute 
to metastasis formation. Current research has revealed 
that several neurotransmitters have direct influence on the 
migratory activity and invasiveness of tumor cells (7-9,17) 
and does not need the immune system as a mediator. In fact, 
many studies have demonstrated in vitro that stress-related 
neurotransmitters are the most potent direct stimulators for the 
migration of carcinoma cells of various tissue origins. These 
neurotransmitters are NE, dopamine and substance P (18-22). 
We showed that the in vitro migratory activity of DU145 cells 
was increased after the treatment with NE. This leads to an 
augmented and earlier migration of tumor cells from the 
primary tumor into inguinal lymph nodes, and consequently 
to larger metastases formation in mice (23-28). Whether NE 
leads to organ-specific metastasis to other NE-rich organs 
must be shown in further experiments with an enhanced study 
design. Tumor cell migration to lymph nodes occurs rarely in 
an experimental mouse model of heterotopic cancer because 
the xenografted tumor mass is generally well encapsulated. 
Therefore, NE treatment induces an increased migratory 
effect that is in line with the frequent clinical observation of 
metastasis development. Lymph nodes and other organs of 
the immune system, such as bone marrow, thymus and spleen 
(29) contain noradrenergic and neuropeptidergic nerve fibres 
and this could induce cell migration into the regional lymph 
nodes behaving as spreaders (28). Further investigation will be 
necessary to elucidate the molecular mechanisms underlying 
the role of NE or other neurotransmitters in metastatic migra-
tion towards lymph nodes. We used a model of subcutaneous 
injection of tumor cells for the investigation of metastasis 
development in inguinal lymph node because mice initially 
develop solid primary tumors. The pro-migration effect of 
NE in vivo was inhibited by the β-blocker propranolol that 
antagonized the prometastatic effect of NE. Furthermore, we 

showed that propranolol reduced metastases formation in mice 
compared to controls. This can be related to the blocking of 
β2-AR that is responsible for the effects of norepinephrine 
endogenously produced by mice. These results open a new 
scenario for the use of β-blockers for chemoprevention of 
metastasis development in patients with diagnosed cancer, 
because the diagnosis of cancer itself causes stress and 
especially in prostate cancer patients that are emotionally 
involved for the impact of the disease on the quality of life 
(30-36). Moreover, we previously showed that the induction 
of chronic stress by restraint in mice induced a significant 
increase of tumor growth and angiogenesis in mice bearing 
murine melanoma B16F10 paralleled by the activation of 
β2-AR by neurotransmitters such as E and NE. These effects 
were completely abolished in eNOS knockout mice (13). In the 
present study, we demonstrated that stress activates the release 
of several substances different from catecholamines leading to 
an increase of migration of tumor cells from primary tumor to 
lymph nodes without affecting tumor growth (6). Additionally, 
we demonstrated that norepinephrine increased the expres-
sion of CK, MMP-2 and MMP-9 paralleled by EMT effects 
(E-cadherin loss and vimentin augmentation) (9-11,16), that 
are indispensable for metastasis formation. The combination 
of our results delivers good perspectives for the development 
of non-heart active and β2-specific blockers for the inhibition 
of metastasis development. In conclusion, our results strongly 
support the concept that the development of metastases is not 
only genetically determined, but is under the influence of the 
organism's own signal substances. Further investigation will 
be necessary in order to dissect the role of neurotransmitters 
in specific types of cancer and the use of β-blockers for the 
chemopreventive inhibition of metastasis development.
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