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In 2005, Chédotal et al. [1] published a paper with the title ”The 
brain within the tumor: new roles for axon guidance in cancers“. 
They have shown that axon guidance molecules also regulate cell 
migration and apoptosis in normal and tumorigenic tissues and that 
they may act as tumor suppressors, mainly in respect to metastases 
formation. Metastases formation is the deadly threat of solid tumors 
in adults. If we might understand the cues and molecular mechanisms, 
which transform an otherwise sessile tumor cell into a migrating and 
malignant phenotype, which escapes immune surveillance and acquires 
the biological feature to settle in distant organs and forming metastases, 
then, we might be able to convert by intervention strategies an acute 
disease into a chronic one and achieve a substantial prolongation of 
life. 

In 2007, a book “Neuronal Activity in Tumor Tissue“ was edited 
by Zänker et al. [2], where outstanding contributions tried to answer 
the question: “Does a neuro-neoplastic synapse exist in a tumor 
mass?“ As blood vessels and nervous structures often follow parallel 
trajectories within a tumor tissue, it is consequent to argue that 
tumor cells for the growth advantage and survival in an otherwise 
“unfriendly environment“ and in respect to metastases formation use 
common cues that induce vascularization (VEGF) and innervation 
(neurotransmitters).

Beta-ARs are a family of G-protein coupled receptors that address 
multiple signaling cascades and, activating among other cellular 
activities, the migratory machinery, a mandatory requisite to initiate 
metastases formation [3]. The catecholamine stress neurotransmitters 
nor epinephrine and epinephrine are the physiological agonists for 
ß-ARs. First evidence for a regulatory role of ß-ARs and their agonists 
in cancer cell migration was provided and summarized by Entschladen 
et al. [4]. The proof-of-principle that antagonists (beta-blockers) to 
ARs can inhibit norepinephrine-driven metastasis development of 
PC-3 human prostate cancer cells was demonstrated in a BALB/c nude 
mice model [5]. In a retrospective, controlled and more than 10-years 
follow up study by Powe et al. [6] it could be figured out that women 
receiving concomitantly a beta-blocker therapy for hypertension in 
addition the conventional breast cancer therapy regimens (surgery, 
chemo-/radiotherapy) showed a significant reduction in breast cancer 
metastasis, recurrence and mortality, and a longer disease free survival. 
In 2011, two retrospective studies were published, confirming the 
results of the initial study by Powe et al. [6] that beta-blocker therapy 
can reduce breast cancer progression and mortality [7,8]. A comment 
by Ganz et al. [9] “Expanding our therapeutic options: Beta- blockers for 
breast cancer?“ almost took away the question mark, but is demanding 
for further clinical studies extended to other clinical tumor entities. 
Ganz et al. [10] also examined the influence of beta-blockers and ACE 
inhibitors in respect to the risk for breast cancer recurrence and reported 
data from the LACE cohort. They confirmed the hypothesis that breast 
cancer recurrence and survival were associated with exposure to the 
two commonly used classes of anti-hypertensive medications. The 

Nottingham-Study [6] could not demonstrate a clinical advantage for 
ACE inhibitors. Moreover, there is one clinical report that does not 
support the hypothesis that ß-adrenoceptor blockers improve survival 
for common cancer [11]. However, this study focused overall on cancer 
patients, diagnosed with lung, breast, colorectal, prostate and pancreatic 
cancer, and receiving anti-hypertensive medications (ß-blockers versus 
other anti-hypertensive drugs). Because of the different mode of action 
of, e.g. ß-blockers, i) in different tumor entities, ii) in cancer initiation, 
iii) in cancer recurrence (local) and iv) in metastasis formation, this
study has a selection bias according to the mentioned phases of a tumor
disease.

Indeed for melanoma, a follow-up report of a clinical study by 
De Giorgi et al. [12,13] showed that ß-blockers are a new emerging 
treatment option for melanoma. In a Danish cohort of patients with 
malignant melanoma, Lemeshow et al. [14] also found that patients 
receiving ß--blockers retard melanoma progression.

In order to understand and interpret clinical results from the past 
and in the future correctly, one has clearly to discriminate, whether 
a signaling neurotransmitter molecule, like nor epinephrine, is an 
etiological factor [15,16] to initiate a number of cancers and cancer 
initiation may simultaneously be prevented by an antagonist (primary 
prevention by ß-blockers), or the metastases forming process is driven 
by e.g. nor epinephrine and the antagonist (ß-blocker, propranolol) 
inhibit the beta-adrenergic signaling by inhibition of inflammation, 
angiogenesis, apoptosis/anoikis [17] and/or cell motility and trafficking 
[18], a mandatory cellular feature to form metastases. Thereby, the 
pharmacological intervention with ß-blockers reduces the capability 
and rate of a solid tumor to metastasize (tertiary prevention). 

Moreover, it could be recently demonstrated in an in-vitro Matrigel 
assay and in an in-vivo orthotopic xenograft model for triple-negative 
breast cancer cells that propranolol and chemotherapy together resulted 
in synergistic, additive or antagonistic effects on cell proliferation 
inhibition and the combination increased significantly the survival 
benefit in the nude mice model [19].

*Corresponding author: Kurt S. Zaenker, MD, DVM, PhD, Professor of 
Immunology & Experimental Oncology, Institute of Immunology & Experimental 
Oncology, Faculty of Health Science, ZBAF, Department of Medicine, University 
Witten/Herdecke, Germany, E-mail: kurt.zaenker@uni-wh.de

Received March 26, 2012; Accepted March 28, 2012; Published March 30, 2012

Citation: Zaenker KS (2012) Beta-Adrenergic Receptors (ß-ARs) Expressed 
at Tumor Cells: Neuralgic Points When Targeted by ß-blockers to Jeopardize 
Metastases Formation (From an Anthropomorphic View of a Tumor Cell). J Cancer 
Sci Ther 4: v-vi. doi:10.4172/1948-5956.1000e106

Copyright: © 2012 Zaenker KS. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Beta-Adrenergic Receptors (b-ARs) Expressed at Tumor Cells: Neuralgic 
Points When Targeted by b-blockers to Jeopardize Metastases Formation 
(From an Anthropomorphic View of a Tumor Cell)
Kurt S. Zaenker*

Institute of Immunology & Experimental Oncology, Faculty of Health Science, Department of Medicine, University Witten/Herdecke, Germany

Journal of
Cancer Science & TherapyJo

ur
na

l o
f C

ancer Science & Therapy

ISSN: 1948-5956

Journal of
Cancer Science & TherapyJo

ur
na

l o
f C

ancer Science & Therapy

ISSN: 1948-5956



Citation: Zaenker KS (2012) Beta-Adrenergic Receptors (ß-ARs) Expressed at Tumor Cells: Neuralgic Points When Targeted by ß-blockers 
to Jeopardize Metastases Formation (From an Anthropomorphic View of a Tumor Cell). J Cancer Sci Ther 4: v-vi. doi:10.4172/1948-
5956.1000e106

Volume 4(3): v-vi (2012) - vi 
J Cancer Sci Ther 
ISSN:1948-5956 JCST, an open access journal

In conclusion, laboratory in-vitro and in-vivo models clearly 
indicate that nor epinephrine-driven metastasis formation can by 
inhibited by ß-blockers for different tumor entities, like breast and 
prostate cancer. Epidemiological studies are strongly supporting the 
hypothesis that ß-blockers (e.g. propranolol) applied concurrently with 
standard therapies for breast cancer improve the outcome of breast 
cancer patients. These results – from bench to bedside – are providing 
a strong rationale to use ß-blockers in a personalized setting for breast 
cancer treatment and in prospective clinical studies in order to focus on 
the potential of a new therapeutic medication/indication for these well-
known drugs albeit to improve the clinical outcome in breast cancer 
and other tumor entities. 

In order to address in a pharmacological setting the use of 
ß-blockers in oncology, it is of highly interest and it is mandatory to 
meet stringent criteria of personalized medicine, namely to genotype 
the patients for CYP2D6 allelic variations, to estimate the activity of the 
main metabolic pathways for ß-blockers and tamoxifen – lack, or slow, 
intermediate or fast metabolizer (manuscript in preparation).
Acknowledgements

The experimental and clinical work on ß-blockers in oncology (KSZ; FE) was 
made possible by a long-standing grant from the Fritz-Bender-Foundation, Munich, 
Germany.

References

1. Chédotal A, Kerjan G, Moreau-Fauvarque C (2005) The brain within the tumor: 
new roles for axon guidance molecules in cancers. Cell Death Differ 12: 1044-
1056.

2. Zänker KS, Entschladen F (Eds) (2007) Neuronal Activity in Tumor Tissue. 
(Bertino JR series editor). Prog Exp Tumor Res Vol 39, Karger Publisher, 
Basel, Switzerland.

3. Entschladen F, Drell TL 4th, Lang K, Joseph J, Zaenker KS (2005) 
Neurotransmitters and chemokines regulate tumor cell migration: potential for a 
new pharmacological approach to inhibit invasion and metastasis development. 
Curr Pharm Des 11: 403-411.

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

5. Palm D, Lang K, Niggemann B, Drell TL 4th, Masur K, et al. (2004) 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 118: 2744-
2749.

6. Powe DG, Voss MJ, Zänker KS, Habashy HO, Green AR, et al. (2010) Beta-
blocker drug therapy reduces secondary cancer formation in breast cancer and 
improves cancer specific survival. Oncotarget 1: 628-638.

7. Barron TI, Connolly RM, Sharp L, Bennett K, Visvanathan K (2011) Beta 
blockers and breast cancer mortality: a population- based study. J Clin Oncol 
29: 2635-2644.

8. Melhem-Bertrandt A, Chavez-Macgregor M, Lei X, Brown EN, Lee RT, et al. 
(2011) Beta-blocker use is associated with improved relapse-free survival in 
patients with triple-negative breast cancer. J Clin Oncol 29: 2645-2652.

9. Ganz PA, Cole SW (2011) Expanding our therapeutic options: Beta blockers for 
breast cancer? J Clin Oncol 29: 2612-1616.

10.	Ganz PA, Habel LA, Weltzien EK, Caan BJ, Cole SW (2011) Examining the 
influence of beta blockers and ACE inhibitors on the risk for breast cancer 
recurrence: results from the LACE cohort. Breast Cancer Res Treat 129: 549-
556.

11. Shah SM, Carey IM, Owen CG, Harris T, Dewilde S, et al. (2011) Does 
β-adrenoceptor blocker therapy improve cancer survival? Findings from a 
population-based retrospective cohort study. Brit J Clin Pharmacol 72: 157-
161.

12.	De Giorgi V, Grazzini M, Gandini S, Benemei S, Lotti T, et al. (2011) Treatment 
with β-blockers and reduced disease progression in patients with thick 
melanoma. Arch. Intern Med 171: 779-781.

13.	De Giorgi V, Gandini S, Grazzini M, Benemei S, Marchionni N, et al. (2012) 
β-blockers: a new and emerging treatment for melanoma. Recenti Prog Med 
103: 11-16. 

14.	Lemeshow S, Sørensen HT, Phillips G, Yang EV, Antonsen S, et al. (2010) 
β-Blockers and survival among Danish patients with malignant melanoma: a 
population-based cohort study. Cancer Epidemiol. Biomarker Prev 20: 2273-
2279.

15.	Fitzgerald PJ (2010) Testing whether drugs that weaken norepinephrine 
signaling prevent or treat various types of cancer. Clin Epidemiol 2: 1-3.

16.	Al-Wadei HA, Al-Wadei MH, Schuller HM (2009) Prevention of pancreatic 
cancer by the beta-blocker propranolol. Anticancer Drugs 20: 477-482.

17.	Cole SW, Sood AK (2012) Molecular pathways: Beta-adrenergic signaling in 
cancer. Clin Cancer Res 18: 1201-1206.

18.	Powe DG, Entschladen F (2011) Targeted therapies: Using β-blockers to inhibit 
breast cancer progression. Nat Rev Clin Oncol 8: 511-512.

19.	Pasquier E, Ciccolini J, Carre M, Giacometti S, Fanciullino R, et al. (2011) 
Propranolol potentiates the anti-angiogenic effects and anti-tumor efficacy of 
chemotherapy agents: implication in breast cancer treatment. Oncotarget 2: 
797-809.

http://www.ncbi.nlm.nih.gov/pubmed/16015381
http://www.ncbi.nlm.nih.gov/pubmed/16015381
http://www.ncbi.nlm.nih.gov/pubmed/16015381
http://www.ncbi.nlm.nih.gov/pubmed/15723634
http://www.ncbi.nlm.nih.gov/pubmed/15723634
http://www.ncbi.nlm.nih.gov/pubmed/15723634
http://www.ncbi.nlm.nih.gov/pubmed/15723634
http://www.ncbi.nlm.nih.gov/pubmed/15050959
http://www.ncbi.nlm.nih.gov/pubmed/15050959
http://www.ncbi.nlm.nih.gov/pubmed/15050959
http://www.ncbi.nlm.nih.gov/pubmed/16381019
http://www.ncbi.nlm.nih.gov/pubmed/16381019
http://www.ncbi.nlm.nih.gov/pubmed/16381019
http://www.ncbi.nlm.nih.gov/pubmed/16381019
http://www.ncbi.nlm.nih.gov/pubmed/21317458
http://www.ncbi.nlm.nih.gov/pubmed/21317458
http://www.ncbi.nlm.nih.gov/pubmed/21317458
http://www.ncbi.nlm.nih.gov/pubmed/21632503
http://www.ncbi.nlm.nih.gov/pubmed/21632503
http://www.ncbi.nlm.nih.gov/pubmed/21632503
http://www.ncbi.nlm.nih.gov/pubmed/21632501
http://www.ncbi.nlm.nih.gov/pubmed/21632501
http://www.ncbi.nlm.nih.gov/pubmed/21632501
http://www.ncbi.nlm.nih.gov/pubmed/21632500
http://www.ncbi.nlm.nih.gov/pubmed/21632500
http://www.ncbi.nlm.nih.gov/pubmed/21479924
http://www.ncbi.nlm.nih.gov/pubmed/21479924
http://www.ncbi.nlm.nih.gov/pubmed/21479924
http://www.ncbi.nlm.nih.gov/pubmed/21479924
http://www.ncbi.nlm.nih.gov/pubmed/21453301
http://www.ncbi.nlm.nih.gov/pubmed/21453301
http://www.ncbi.nlm.nih.gov/pubmed/21453301
http://www.ncbi.nlm.nih.gov/pubmed/21453301
http://www.ncbi.nlm.nih.gov/pubmed/21518948
http://www.ncbi.nlm.nih.gov/pubmed/21518948
http://www.ncbi.nlm.nih.gov/pubmed/21518948
http://www.ncbi.nlm.nih.gov/pubmed/22322621
http://www.ncbi.nlm.nih.gov/pubmed/22322621
http://www.ncbi.nlm.nih.gov/pubmed/22322621
http://www.ncbi.nlm.nih.gov/pubmed/21933972
http://www.ncbi.nlm.nih.gov/pubmed/21933972
http://www.ncbi.nlm.nih.gov/pubmed/21933972
http://www.ncbi.nlm.nih.gov/pubmed/21933972
http://www.ncbi.nlm.nih.gov/pubmed/20865096
http://www.ncbi.nlm.nih.gov/pubmed/20865096
http://www.ncbi.nlm.nih.gov/pubmed/19387337
http://www.ncbi.nlm.nih.gov/pubmed/19387337
http://www.ncbi.nlm.nih.gov/pubmed/22186256
http://www.ncbi.nlm.nih.gov/pubmed/22186256
http://www.ncbi.nlm.nih.gov/pubmed/21808268
http://www.ncbi.nlm.nih.gov/pubmed/21808268
http://www.ncbi.nlm.nih.gov/pubmed/22006582
http://www.ncbi.nlm.nih.gov/pubmed/22006582
http://www.ncbi.nlm.nih.gov/pubmed/22006582
http://www.ncbi.nlm.nih.gov/pubmed/22006582

	Title
	Corresponding author
	Acknowledgements
	References

