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Abstract:  
Background: Breast cancer is the most diagnosed and the major cause of cancer death in women worldwide. Metastasis 

is the main cause of these deaths. The metastatic cascade involves multiple steps and it has been described that adrenergic 

receptors can modulate this process at multiple levels. However, β-adrenergic action in breast cancer is controversial. We 

have previously shown that β-adrenergic agonists inhibit cell proliferation and tumor growth of numerous breast cancer 

models. Objective: The purpose of the present investigation was to evaluate adrenergic effect in parameters related to 

tumor progression (migration, invasion and metastases) in two human breast cancer cell lines. Method: Migration was 

assessed in IBH-6 and MDA-MB-231 cells by time-lapse videomicroscopy and modified Boyden chambers. Invasion was 

evaluated by Transwells coated with Matrigel and expression of pro-metastatic genes was determined by RT-qPCR. 

Experimental metastases studies were performed by injection of the cells in the tail vein of NSG immuno-deficient mice. 

Results: In both cell lines, salbutamol (β2-agonist) and propranolol (β-blocker) significantly diminished cell migration 

while epinephrine exerted opposite effects. Moreover, salbutamol inhibited invasion of both breast cancer cell lines and 

enhanced adhesion to extracellular matrix. Salbutamol treatment was also able to decrease the expression of pro-

metastatic genes in MDA-MB-231 cells. Finally, this compound decreased the number and size of MDA-MB-231 lung 

experimental metastases in NSG immuno-deficient mice. No effect on the establishment of IBH-6 metastases was 

observed. Conclusion: Our results suggest that salbutamol could be an effective adjuvant drug for the treatment of 

metastatic breast cancer.    
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1. INTRODUCTION 

 Breast cancer is the most diagnosed cancer and the 
major cause of cancer death in women worldwide [1]. The 
treatments for the different subtypes of breast cancer are 
well established. For example, endocrine therapy for 
hormone-dependent tumors and anti-human epidermal 
growth factor receptor 2 (HER-2) therapies for tumors 
overexpressing this receptor. Triple negative tumors 
(TNBC) have the worst outcome among breast cancer 
subtypes, lack specific treatment and present high 
recurrence rates. De novo and acquired resistance is a great 
concern in every case [2-4].  Immortalized cell lines  remain 
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powerful tools and give valuable information that can 
benefit treatment [5]. IBH-6 [6, 7] and MDA-MB-231 [8] 
are cell lines developed from breast cancer lesions that 
represent different breast cancer subtypes. The former are 
estrogen and progesterone receptor positive and HER-2 
negative and arose from a primary tumor [7]. IBH-6 cells 
are able to grow in nude mice without exogenous hormone 
supply and to invade adjacent tissues but not to metastasize 
[6]. MDA-MB-231 cells are highly metastatic and usually 
considered as triple negative, although they have been 
reclassified within the claudin-low molecular subtype [9]. 
Metastases are the main cause of cancer deaths. The 
metastatic process involves multiple steps: The first one is 
local invasion, followed by intravasation into the circulatory 
system [10], systemic dissemination, extravasation in 
secondary organs, settlement into latency, reactivation and 
outgrowth [11]. It has been shown that, in general, luminal 
breast cancer tumors are associated with bone metastasis, 
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whereas basal-like and HER2-enriched molecular subtypes 
are associated with brain and lung relapse [12]. As the 
majority of breast cancer deaths occur in least developed 
countries, new effective and low-cost therapies are a health 
priority [13].   
 β-adrenoceptors (β-AR) are G protein–coupled receptors 
that have been described in the 1990s in breast cancer cell 
lines [14] and tumors [15]. Since then, the effect of their 
stimulation in breast cancer progression has been 
controversial. Some authors have associated them with an 
increase in cell proliferation and tumor growth [16], while 
our group and others to a decrease in these parameters [17, 
18]. Also, it has been described that norepinephrine acting 
through β-AR inhibits the migration of human ES-2 ovarian 
carcinoma [19] and human MDA-MB-231 breast cancer 
cells [20]. However, the effect seems to be dependent on 
cellular context because there are various reports showing 
that, on the contrary, activation of these receptors increases 
migration, invasion and metastasis of ovarian and breast 
tumors [21-25]. In line with this, propranolol, a β-blockers 
used to treat hypertension, have been proposed as candidate 
for drug repurposing in metastatic disease [26-29]. On the 
other hand, the β2-adrenergic specific agonist, salbutamol 
has shown promising results in our laboratory in terms of 
cell proliferation and tumor growth in several murine and 
human breast cancer pre-clinical models [18]. In the present 
manuscript, we take a step forward to determine the action 
of β-adrenergic drugs on several parameters related to 
cancer progression both in vitro and in vivo and we describe 
that salbutamol-induced β2-AR stimulation decreases 
migration, invasion and metastasis of human breast cancer 
cells.  

 

2. MATERIALS AND METHODS 

2.1 Breast cancer cell lines and culture conditions 

IBH-6 human breast cancer cell line was originally 
isolated from a primary human breast carcinoma [7]. MDA-
MB-231 human breast cells were recently obtained from 
ATCC (Manassas, VA). Cells were maintained in 
Dulbecco´s Minimum Essential/Ham F12 (1:1) medium 
supplemented with heat-inactivated 10% fetal bovine serum 
(FBS), bovine or recombinant human insulin (2 µg/ml), 2 
mM glutamine, 100 IU/ml penicillin and 100 µg/ml 
streptomycin. Cells were grown on plastic, incubated at 
37°C in 5% CO2 and subcultured at approximately 80% 
confluence using 0.25 % trypsin-0.025% EDTA.  

 

2.2 Migration experiments 

Time-lapse videomicroscopy migration experiments 
were carried out as previously described [30]. In brief, a cell 
suspension of 7x104 MDA-MB-231 or 9x104 IBH-6 cells 
was mixed with a carbonate-buffered collagen type I 
solution (1.63 mg/ml collagen) containing minimal essential 
medium. The suspension was filled into self-constructed 
migration chambers and after polymerization of collagen, 
migration of cells was recorded by time-lapse 
videomicroscopy for 15 h at 37ºC. The paths of 30 
randomly selected cells were digitized by computer assisted 
cell tracking. The migratory activity was calculated as the 
proportion of cells (in percentage) which was locomotory 

active. The following adrenergic compounds were added to 
the collagen lattices and were used in subsequent experi-
ments: norepinephrine, epinephrine, salbutamol, proprano-
lol.  

For migration assays in modified Boyden chambers, a 
suspension of 1.2x104 cells in 50 μl serum-free medium was 
seeded on the upper wells. Cells were allowed to migrate 
for 6 h through an 8 μm pore polycarbonate filter towards a 
chemotactic stimulus (medium with 2.5% FBS) on the 
lower chamber wells. Adrenergic compounds were added to 
both sides of the chamber. The filter was carefully removed 
and cells on the upper side were scraped off. Cells attached 
to the lower side of the filter were fixed in 2% 
paraformaldehyde, stained with 4′,6-Diamidino-2-phenylin-
dole dihydrochloride (DAPI) and photographed. Images of 
3 representative visual fields were analyzed using 
CellProfiller software (www.cellprofiller.com). 

 

2.3 Invasion assay 

Tissue culture Transwell inserts of 8 µm pore size were 
coated with growth factor reduced Matrigel for 1h at 37°C 
and then dried for 6 h at room temperature under hood (14 
µg and 4 µg per insert of Matrigel were used for MDA-MB-
231 and IBH-6, respectively). Matrix was re-hydrated and 
placed in 24-well plates containing 10% FBS medium prior 
to the addition of 5x104 cells in serum-free medium to the 
upper well. Adrenergic compounds were added to both 
upper and lower wells. After 24 h of incubation, inserts 
were washed with phosphate saline buffer (PBS), fixed with 
ice-cold methanol and stained with 0.05% crystal violet. 
Cells on the upper side of the membrane were scraped off 
with a cotton swab and the cells on the underside were 
counted under a bright-field microscope. 

 

2.4 Adhesion assay 

96-well tissue culture plates were coated with 10 µg of 
Matrigel or 9 µg of collagen type I per well in PBS. After 
reconstitution of the matrix, 50 µl of medium with 4% FBS 
and adrenergic compounds at 2X concentration were added 
to each well. Cells were harvested using TrypLE™ Express 
and seeded (1x104/50µl) in serum-free medium. MDA-MB-
231 cells and IBH-6 cells were allowed to adhere to each 
matrix at 37°C for 1 h and 1.5 h respectively. Wells were 
carefully washed with PBS to remove non-adherent cells, 
fixed with ice-cold methanol and stained with 0.05% crystal 
violet. Each well was photographed under a bright-field 
microscope at 40 X magnification. Cell number and average 
cell area were quantified automatically with ImageJ [31]. 

 

2.5 Quantitative Real Time PCR 

RNA was obtained using TRI reagent and cDNA was 
synthesized from 1µg of total RNA using MMLV reverse 
transcriptase, according to the manufacturer's instructions. 
For qPCR, FastStart Universal SYBR Green Master Mix 
was used in a CFX96 Touch™ Real-Time PCR Detection 
System. Primers:  
GAPDH  
5'-TGCACCACCAACTGCTTAGC-3'  
5'- GGCATGGACTGTGGTCATGAG-3',  
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β2-AR  
5'-GCCATTGCCTCTTCCATCGT-3'  
5'- AAGCGGCCCTCAGATTTGTC-3',  
MMP-9  
5'-GCCTGCAACGTGAACATCTTCG-3'  
5'-AGAGAATCGCCAGTACTTCCCATCC-3',  
IL-8  
5'-CCAGGAAGAAACCACCGGA-3'  
5'-GAAATCAGGAAGGCTGCCAAG-3',  
VEGF  
5'-CCTTGCTGCTCTACCTCCAC-3'  
5'-CCATGAACTTCACCACTTCG-3',  
E-Cadherin  
5'-GACCAAGTGACCACCTTAGA-3'  
5'-CTCCGAAGAAACAGCAAGAGC-3´[32],  
N-Cadherin  
5'-GAATGACAACAGACCTGAGTTC-3'   
5'-CGATTCTGTACCTCAACATCC-3',  
Vimentin  
5'-TCCCTGAACCTGAGGGAAACT-3'  
5'-AGGTCATCGTGATGCTGAGA-3'.  

For all experiments, gene expression was normalized 
to GAPDH housekeeping expression using the 2-ΔΔct 
method. 

 

2.6 In vivo experiments 

Eight-week-old NOD-scid/IL2Rgammanull mice (NSG 
mice) were obtained from The Jackson Laboratory and bred 
at IBYME's animal facility under pathogen free conditions, 
in ventilated racks, with a 12h light-dark cycle. Tumor cells 
were injected via the lateral tail vein (5x105) for 
experimental metastasis studies. Animals were randomized 
and received daily subcutaneous injections of salbutamol 
(1.2mg/kg/day) or saline for control groups. At day 30, 
lungs were fixed in Bouin's Solution and macroscopic 
metastatic nodules were counted under a dissection 
microscope.  

 

2.7 Immunohistochemistry 

Tissue sections (5 μm) were deparaffinized and 
inhibition of the endogenous peroxidase was performed 
with H2O2 in ethanol. Antigen retrieval was carried out in a 
thermal bath at 90ºC with 10 mM citrate buffer pH 6. The 
sections were thoroughly washed with PBS and incubated 
overnight with the primary antibody diluted in PBS (the 
proliferation marker protein Ki67 1/500, phospho-cAMP 
Responsive Element-Binding, pCREB 1/400, pan-
cytokeratins, pan-CK 1/100). Then, the tissue sections were 
washed, incubated with the appropriate secondary antibody 
and the ABC kit and signal was detected using 3,3P-
diaminobenzidine chromogen solution according to 
manufacturer's protocol. All tissue sections were 
counterstained with hematoxylin, dehydrated, and mounted 
with DPX. 

 

2.8 Statistical analysis 

Data are presented as mean ± SD and all statistical 
analysis were carried out with Graphpad Prism 6 software. 
Statistical analysis was performed by unpaired two-tailed 

Student's t test or ANOVA followed by Tukey-Kramer or 
Dunnet–Kramer test [33]. The normality was tested by 
D'Agostino-Pearson´s test and the homogeneity of the 
variance by Bartlett´s test. A p value less than 0.05 was 
considered statistically significant.  

 

2.9 Materials 

Culture medium, and all the compounds used for cell 
culture were from Invitrogen, Thermo Fisher Scientific, 
(Waltham, MA, USA). Fetal Bovine Serum was from 
Invitrogen or NATOCOR, Córdoba, Argentina. The poly-
carbonate filters were Nucleopore membranes, Neuroprobe 
(MD, USA). DAPI was acquired from Sigma-Aldrich (St. 
Louis, MO, USA). Transwells and Matrigel were from BD 
Biosciences (San Jose, CA, USA). Collagen for videomi-
croscopy was from Invitrogen and for cell adhesion from 
BD Biosciences. TRI reagent was acquired from MRC 
(Cincinnati, OH, USA) and MMLV reverse transcriptase 
from Promega, (Madison, WI, USA). FastStart Universal 
SYBR Green Master Mix was purchased from ROCHE 
(Mannheim, Germany) and the CFX96 Touch™ Real-Time 
PCR Detection System, from BIORAD (Hercules, CA, 
USA). Anti-Ki67 antibody (ab15580) was from Abcam; 
anti-pCREB (Ser133), from Cell Signaling and anti-
cytokeratin Pan Type I/II (AE1/AE3), from Thermo Fisher 
Scientific. ABC kit and diaminobenzidine chromogen 
solution were from Vector Lab (Burlingame, CA) and DPX 
Mountant for histology (a mixture of distyrene, a plasticizer, 
and xylene), as well as norepinephrine, epinephrine, 
salbutamol, propranolol were from Sigma-Aldrich. 

 

3. RESULTS 

 Adrenergic effect on cell proliferation and tumor growth 
has already been studied in the two cell lines used in this 
investigation. Salbutamol, particularly, has proved to be a 
potent inhibitor of these parameters. However, the most 
important features of tumor progression must be addressed 
in experimental models before performing any clinical 
evaluation. As a first step for studying tumor progression, 
cell migration was measured using time-lapse 
videomicroscopy in IBH-6 and MDA-MB-231 cell lines. 
We chose concentrations that have already proved effective 
in vitro [18, 20]. Specifically, propranolol was used 10X 
with respect to salbutamol in order to compete for β2-ARs 
when used in combination [18]. Both cell lines showed an 
extremely high spontaneous migration, ranging between 60-
80% of moving cells. Interestingly, both the β2-agonist 
salbutamol (Fig. 1A and C) and the β-blocker propranolol 
(Fig. 1B and D) significantly diminished cell locomotion. 
Epinephrine and norepinephrine significantly inhibited 
migration of MDA-MB-231 cells (Fig 1B). On the contrary, 
in IBH-6 cells epinephrine enhanced this parameter (Fig 
1D). Additionally, modified Boyden Chamber assays were 
used to evaluate cell migration towards a chemotactic 
stimulus in the presence of adrenergic drugs. Again, 
salbutamol and propranolol inhibited cell migration (Fig. 1E 
for MDA-MB-231, Fig. 1F for IBH-6 cells). Moreover, 
when used in combination, propranolol was not able to 
reverse the effect of the agonist. In MDA-MB-231 cells, 
epinephrine showed the same inhibitory effect (at 1 µM 
concentration) as in cell-tracking experiments but no action 
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on IBH-6 cells was detected. Epinephrine is a ligand for all 
ARs, α and β, so its effects are highly dependent on AR 
relative concentration. Therefore, β2-AR expression was 
assessed by RT-qPCR in MDA-MB-231 and IBH-6 (Fig. 
1G). The expression of β2-AR is approximately 20 times 
higher in MDA-MB-231 than in IBH-6 cells and more than 
200 times higher than in MCF-7 cells, which were used as 
control. 

Another important feature of cancer progression is 

invasion. We assessed adrenergic modulation of this 

parameter in vitro using Transwell chambers coated with 

the reconstituted basement membrane Matrigel. Salbutamol 

treatment significantly inhibited invasion in both cell lines 

(Fig. 2A, B and C). In MDA-MB-231 propranolol was able 

to reverse the effect of the agonist. However, in IBH-6 cells, 

as for migration, propranolol not only did not reverse the 

action of salbutamol but also exerted the same inhibitory 

effect. 

The action of adrenergic compounds on cell adhesion 

and spreading onto Matrigel and collagen matrices was then 

evaluated. Epinephrine and salbutamol significantly enhan-

ced cell adhesion to Matrigel although not to collagen in 

MDA-MB-231 cells (Fig. 2D). As a measurement of cell 

spreading, cell area was quantified. In this cell line, cell area 

over Matrigel matrix was also very significantly increased 

by both epinephrine and salbutamol, being the effect of the 

β2-agonist partially reversed by propranolol (Fig. 2E). On 

collagen, this parameter was also increased by salbutamol 

and a tendency to produce the same effect was seen for 

epinephrine. For IBH-6, no change was observed in the 

number of adherent cells after adrenergic stimulus, how-

ever, epinephrine decreased the cell area onto collagen 

matrix (Fig. 2F and G). 

The expression of several genes involved in cell migra-

tion, invasion and metastatic spread was then investigated 

by RT-qPCR in MDA-MB-231 cells treated with epinephri-

ne or salbutamol. Treatment with salbutamol for 24 h signi-

ficantly inhibited the expression of the mesenchymal differ-

rentiation marker vimentin (Fig. 3A) and stimulated E-

cadherin expression, a marker of epithelial differentiation, 

(Fig. 3B) with no change in N-cadherin expression (Fig. 

3C). Furthermore, epinephrine was also able to increase E-

cadherin expression levels. Interestingly, both adrenergic 

compounds significantly diminished the expression levels of 

the matrix metalloprotease 9 (MMP-9, Fig. 3D), the chemo-

kine interleukin-8 (IL-8, Fig. 3E) and the vascular endothe-

lial growth factor (VEGF, Fig. 3F); all of them factors 

directly related to the invasive and metastatic potential of a 

cancer cell. 

Our  previous results show that salbutamol, at the dose 

used herein, is able to diminish tumor growth in both MDA-

MB-231 and IBH-6 cells [18]. As tumor size is an important 

factor that affects the number of spontaneous metastasis, we 

assessed the effect of salbutamol on the ability of both 

breast cancer cell lines to establish experimental lung 

metastases, which are independent of tumor size. MDA-

MB-231 and IBH-6 cells were inoculated intravenously to 

NSG mice and after 30 days of salbutamol treatment, lungs 

were inspected. The β2-adrenergic agonist significantly 

decreased the total number of lung macroscopic metastases 

of MDA-MB-231 cells (Fig. 4A). Furthermore, it produced 

a reduction in the overall size of these metastases, as seen in 

the quantification of metastatic nodules larger than 0.5 mm 

(Fig. 4B). Although a small number of mice was used, 

salbutamol treatment had no effect either on the number or 

the size of IBH-6 experimental metastases (Fig. 4D and E). 

Representative histological images of lungs from mice 

inoculated with MDA-MB-231 and IBH-6 cells are shown 

in panels C and F. Next, we studied by immunohistoche-

mistry, the expression of pan-cytokeratine (Pan-CK), the 

proliferation marker Ki67 and pCREB in MDA-MB-231 

lung metastatic foci. These foci were positive for pan-CK 

staining confirming that these cell cumuli came from 

epithelial origin (Fig. 5A). Metastases from lungs of 

salbutamol-treated mice presented significantly lower Ki67 

staining compared to those from the control group (Fig. 5B) 

possibly accounting for the observed reduction in size. 

Additionally, to confirm active β2-AR signaling, we 

quantified the number of positive cells for pCREB in 

metastatic foci. As expected, given that β2-adrenergic 

activation increases cAMP cellular levels, metastases in the 

lungs of salbutamol-treated mice showed an increased 

number of pCREB positive cells compared to control (Fig. 

5C). 
 

4. DISCUSSION 

β-ARs, particularly β2-AR, are emerging as promising 

targets for the treatment of breast cancer [26-28]. Several 

studies have assessed the effect of β-AR ligands (both 

agonists and antagonists) in breast cancer development and 

progression [16-18, 27, 28, 34]. However, almost none of 

them studied the action of salbutamol, a short acting β2-AR 

selective agonist used for the treatment of asthma and 

chronic obstructive pulmonary disease. Here we report that 

salbutamol inhibits processes intimately related to cancer 

progression and metastasis in pre-clinical breast cancer 

models.  

Our results show that in MDA-MB-231 cells, salbuta-

mol and epinephrine inhibit migration and enhance adhe-

sion to extracellular matrix. MDA-MB-231 are typically 

spindle shaped mesenchymal-like cells and after salbutamol 

treatment they acquire a cobblestone-like morphology with 

more apparent cell-cell contacts, characteristic of epithelial 

cells. This is in agreement with the enhancement found in 

E-Cadherin expression. The first type of morphology is 

generally associated with increased motility whereas the 

latter with a less migratory phenotype which is consistent 

with our results. Accordingly, it has been described that, in 

this cell line, norepinephrine decreases cell locomotion and 

increases adhesion to vascular endothelium [20]. 

Salbutamol also inhibited migration in IBH-6 cells, but on 

the contrary, epinephrine enhanced this parameter and in 

line with our previous statement, cell area of IBH-6 cells 

was decreased in collagen after epinephrine treatment. 

Likewise, it has been shown that the migration of several 

breast and non-breast cancer cell lines is stimulated by 

catecholamines [22, 30], this effect being blocked by β-AR 

antagonists [30, 35, 36]. Taken together, the three subtypes 

of α2-AR are expressed at similar levels in IBH-6 and 

MDA-MB-231 cells as already reported by binding assays 

[37], however, β2-AR expression is much higher in MDA-
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MB-231. The β2-AR concentration in this cell line has been 

previously described as the highest of several cell lines 

tested by binding assays [14]. In a previous report, we have 

shown that β2-AR expression levels define the phenotype of 

human breast tumor and non-tumor cell lines [34]. 

Epinephrine binds to both α2 and β-AR and these receptors 

have antagonistic actions in cAMP production. The data 

presented herein could be then interpreted as epinephrine 

increasing migration in IBH-6 cells acting mainly through 

the α2-AR, while inhibiting this parameter on MDA-MB-

231 cells through the β2-AR. It has been recently described 

that activation of cAMP signaling inhibits the migration of 

this cancer cell line [38].  

The metastatic process requires that cancer cells acquire 

the capacity to detach from the primary tumor and to invade 

surrounding tissue. Tumor angiogenesis is also a prerequi-

site for breast cancer progression [10]. Salbutamol proved 

to be able to enhance adhesion and inhibit invasion of breast 

cancer cell lines. In agreement with this, we found a 

decrease in MMP9 and vimentin expression levels and an 

increase in E-cadherin mRNA in MDA-MB-231 cells. 

MMP-9 is implicated in aberrant extracellular matrix remo-

deling associated with tumor angiogenesis, invasion and 

metastasis [39]. Partial or total loss of the E-cadherin is 

associated to changes or loss of differentiation, acquisition 

of an invasive phenotype, increased tumor grade, metastatic 

behavior and poor prognosis [39]. Vimentin is 

overexpressed in several tumors including breast cancer, 

and its expression correlates with increased tumor growth, 

invasion and worse outcome [40]. We found no change in 

N-cadherin expression, suggesting that salbutamol treatment 

does not induce a cadherin switch. It has already been 

reported that E-cadherin re-expression in MDA-MB-435 

breast cancer cells did not modify the  endogenous levels of 

N-cadherin [41]. Also, salbutamol decreased expression 

levels of VEGF and IL-8, two well-known pro-angiogenic 

factors. VEGF production has also been described to be 

inhibited by the β2-agonist terbutaline and norepinephrine in 

MDA-MB-231 cells [42]. IL-8, also known as CXCL8, is a 

pro-inflammatory chemokine that binds to CXCR1 and 

CXCR2, two GPCRs. Both receptors are overexpressed in 

some cancer cells and have been associated with cell 

proliferation, invasion and angiogenesis [43]. It has been 

described that IL-8 is significantly upregulated in highly 

metastatic cells as compared to less metastatic ones [44]. 

Opposing to our results, formoterol, a long acting β2-AR 

agonist, has been recently associated with enhanced 

invasion in a highly metastatic (HM) MDA-MB-231 

derived cell line [21, 23]. According to the authors, this 

effect was due to a novel positive feedforward cAMP/Ca2+ 

loop [23]. Interestingly, and in line with our work, 

salbutamol was not able to induce Ca2+ release in HM cells 

and moreover, this loop was absent in parental MDA-MB-

231 cells. In fact, in another study, norepinephrine inhibited 

the invasion of MDA-MB-231 cells via β2-AR [45]. Still 

more, indacaterol, an ultra-long acting β2-AR also inhibited 

this parameter on human fibrosarcoma HT-1080 cells [46]. 

Taken together, these results suggest that β2-AR agonist-

induced signaling, and therefore its biologic effect, is highly 

dependent not only on the agonist itself but on the cell line 

used.  

We have previously shown that both salbutamol and 

propranolol exert inhibitory effects on MDA-MB-231 tumor 

growth in immuno-deficient mice [18]. Here we described 

that these two compounds have the same effect on other 

parameters. Propranolol has recently been described as 

having, unlike other β-blockers, a similar agonist effect as 

salbutamol in ERK1/2 signaling in human embryonic 

kidney (HEK) 293S cells stably transfected with human β2-

AR, this effect being reversed by the pure β2-AR antagonist 

ICI 118551. This behavior is compatible with that of a 

partial agonist [47]. In non-tumor MCF-10A breast cells, we 

have found two distinct β2-AR populations, one localized in 

raft microdomains stimulating a Gs/cAMP/Epac/adhesion-

signaling module, and another population outside rafts 

inhibiting cell proliferation by a Gs/cAMP/PKA-dependent 

signaling pathway [48]. It is not astonishing that 

propranolol is able to reverse salbutamol effect on cell 

proliferation [18] and not in cell migration if different 

subsets of β2-AR are involved in each process. An 

alternative explanation for the coincident action of salbuta-

mol and propranolol is that long-term administration of the 

agonist could induce desensitization of these receptors [49], 
acting therefore in an antagonistic-like manner. 

Unfortunately, there is no consensus regarding β-blocker 

action in breast cancer. Propranolol has been associated in 

retrospective studies to improved outcome as reviewed [27-

29, 50]. In TNBC in particular, perioperative use of 

propranolol was associated with reduced breast cancer 

recurrence and metastasis [51]. Moreover, a brain-seeking 

metastatic variable of MDA-MB-231 cells pretreated with 

propranolol alone in vitro, generated less brain metastases 

than non-treated cells in vivo [51]. On the other hand, others 

found no association between propranolol use and improved 

outcome [26, 52]. In fact, some β-blockers were associated 

with increased recurrence rates in a large Danish cohort 

[53]. 

Finally, salbutamol was able to diminish the number and 

size of experimental lung metastases of MDA-MB-231 cells 

in NSG mice. Also, the proliferation index of these metas-

tases was decreased in salbutamol-treated mice, associated 

to an enhancement in CREB phosphorylation, suggesting 

the classical cAMP signaling pathway. It was reported that 

tumors belonging to the claudin-low molecular subtype 

overexpress β2-AR compared with other tumors [54]. MDA-

MB-231 claudin-low cells have proved to be particularly 

sensitive to β-adrenergic agonists [18] and herein. Hence, 

this subtype of breast cancer could be highly responsive to 

β2-AR agonists and/or antagonists. To confirm this 

hypothesis, as salbutamol (also known as albuterol) is a 

very widely β2-AR agonist used worldwide for the treatment 

of asthma and chronic obstructive pulmonary disease [55], 

an analysis of clinical outcome in salbutamol-treated breast 

cancer patients (with emphasis in the triple negative tumors) 

could be easily performed in the future. This kind of study 

has been successfully carried out for propranolol [56].  
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5. STANDARD PROTOCOL ON APPROVALS, & 

ANIMAL PROTECTION:  

     Animal care and manipulation were in agreement with 
the Guide for the Care and Use of Laboratory Animals [57, 
58], the United Kingdom Co-ordinating Committee on 
Cancer Research guidelines for research with laboratory 
animals [59] and approved by the Institution´s Veterinary 
and Committee for welfare of the animals. 

CONCLUSION 

 Salbutamol is an adrenergic compound with minimal side-
effects that has proved to be an inhibitor of tumor growth and 
metastatic progression in human breast cancer pre-clinical 
models and therefore it could result useful for the treatment of 
some tumor subtypes. The repurposing of this drug could be of 
great value, mainly in developing countries because of its low 
cost. 

 

LIST OF ABBREVIATIONS 

β-AR:  β-adrenoceptor 

cAMP: cyclic adenosine 3',5'-monophosphate 

CXCL-8: interleukin-8 

FBS: fetal bovine serum 

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase 

HER-2: human epidermal growth factor receptor 2 

IL-8: interleukin 8 

MMP9: matrix metalloproteinase 9 

NSG mice: NOD/LtSz-scid/IL-2R gamma null mice 

Pan-CK: pan-cytokeratine 

RT-qPCR: quantitative real time PCR 

VEGF: vascular endothelial growth factor 

TNBC: triple negative breast cancer 
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Figure 1. Effect of adrenergic compounds on breast cancer cell migration. A, B, C and D: Time-lapse videomicroscopy cell 

tracking experiments. MDA-MB-231 (panels A and B) and IBH-6 (panels C and D) cells were incubated with the β2-AR 

agonist salbutamol (Salb, 1 µM), the natural adrenergic agonists epinephrine (Epi, 10 µM) or norepinephrine (Nor, 10 µM) and 

the β-AR antagonist propranolol (Prop, 10 µM) in three-dimensional collagen lattices and were recorded overnight at 37ºC. The 

graphs on the left side show the time course of migratory activity. Graphs on the right side show the mean number (in percen-

tage) of locomoting cells throughout the whole experiment (90 cells were analyzed per sample). E and F: Boyden chamber 

migration assay. Panel E for MDA-MB-231 and F for IBH-6 cells. Salb 1 µM, Prop 10 µM. G: Quantification of β2-

adrenoceptors by Real Time qPCR, as described in Materials and Methods. Data is presented as the fold change compared to 

MCF-7 cells. *p < 0.05, **p < 0.01, ***p < 0.001 with respect to control, ANOVA followed by Dunnett–Kramer test. All the 

experiments were performed three times with similar results. 
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Figure 2. Effect of adrenergic compounds on breast cancer cell invasion and adhesion. A, B and C: Cell invasion was 

assessed by Transwell chambers coated with Matrigel, as described in Materials and Methods, in MDA-MB-231 (panels A and 

C) and IBH-6 cells (panels B and C). Cells were incubated with salbutamol (1µM Salb), propranolol (10 µM Prop), the 

combination of both or in the absence of adrenergic compounds (Control). Panel C shows representative images of invasive 

cells at 40X magnification. D, E, F and G: Cell adhesion assays. MDA-MB-231 (panels D and E) and IBH-6 cells (panels F and 

G) were allowed to attach to Matrigel or collagen for 1 h and 1.5 h, respectively, in the presence or absence (control) of 1 µM 

epinephrine (Epi), 1 µM Salb or 10µM Prop. The total number of adherent cells (panel D and F) and the average cell area in 

µm2 (panels E and G) were automatically quantified using ImageJ. *p < 0.05, **p < 0.01, ***p < 0.001 with respect to control, 

## p < 0.01 with respect to salbutamol by ANOVA followed by Dunnett–Kramer or Tukey-Kramer (panel A) test. Invasion 

experiments were performed twice, while adhesion ones three times.   
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Figure 3: Effect of salbutamol and epinephrine on the expression of pro-metastatic genes in MDA-MB-231 cells. Gene 

expression of vimentin (panel A), epithelial cadherin (E-Cadherin, panel B), neural cadherin (N-Cadherin, panel C), matrix 

metalloprotease 9 (MMP-9, panel D), interleukin 8 (IL-8, panel E) and vascular endothelial growth factor (VEGF, panel F) was 

quantified by RT-qPCR in MDA-MB-231 cells incubated with salbutamol (Salb, 1 µM) or epinephrine (Epi, 1 µM). Data is 

shown as the fold change of expression with respect to control. *p < 0.05, **p < 0.01, ***p < 0.001 with respect to control, 

ANOVA followed by Dunnett–Kramer test. All the experiments were performed twice. 
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Figure 4. Effect of salbutamol on breast cancer experimental metastases.  MDA-MB-231 (panels A, B and C, 8 mice per 

group) or IBH-6 cells (panels D, E and F, 4 mice per group) were injected via the lateral tail vein to NSG mice and, after 30 

days of daily subcutaneous injections of salbutamol (1.2 mg/kg/day) or saline, lungs were inspected. A and D: total number of 

lung macroscopic metastases, B and E: number of macroscopic metastases with diameter larger than 0.5 mm. C and F: 

Representative H&E pictures of lungs at 100 X (left images) and 400 X (right images) magnification. Bar = 100 µm in the left 

pictures, 20 µm in the right ones, black arrows point to metastatic foci. *p < 0.05, **p < 0.01 with respect to control, Student t 

test. Two independent experiments were performed. 
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Figure 5. Immunohistochemistry of MDA-MB-231 lung metastases. Lungs from salbutamol (Salb) and saline (control) 

treated NSG mice were stained for pan-cytokeratins (pan-CK, panel A), the proliferation marker Ki67 (panel B) and phospho-

CREB (pCREB, panel C). Number of positive nuclei (for Ki67) or cells (for pCREB) were quantified within metastatic foci. 

Bar = 20 µm, 400 X magnification.  *p < 0.05, **p < 0.01 with respect to control, Student t test. Two independent experiments 

were performed. 


