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Introduction
Cancer is a major public health issue worldwide, affecting both 

developed and developing countries, thus leading to the rise of a 
large annual expenses every fiscal year [1]. Surgery, radiotherapy, 
chemotherapy, immunotherapy and multitarget pharmaceutical 
therapies are the current strategies for cancer treatment. Generally, 
cancer treatments are based on the clinical history of the patients, 
including histological type and the presence of molecular 
biomarkers [2]. Nonetheless, new options are clearly needed 
to increase survival and improve the patients’ quality of life, 
especially for those in advanced stages of this disease. Thus, the 
increased knowledge of the mechanisms responsible for growth, 
invasion and metastasis of cancer, including development of 
intrinsic resistance, is critical.

Calcium (Ca2+) is an ion that acts as an important intracellular 
second messenger. Since tumor cells have a higher metabolic and 
mitotic rate (compared to healthy cells), different amounts of 
intracellular Ca2+ are required in the process of genomic stability 
and cell survival; including telomerase activity, genic transcription, 
control of cell cycle, oncogenes regulation, inhibition of apoptosis, 
cell motility, tumor invasion, metastasis and angiogenesis [3]. 
Thus, the developing of tumor cells may present a quantitative and 
functional alteration of channels that regulate Ca2+ influx through 
plasma membrane, such as transient receptor potential channels, 
TRPC, e.g. TRPC-1, TRPC-3, TRPC-6, TRPM-7, TRPM-8, TRPV-
1, TRPV-6; voltage-gated Ca2+ channels, such as Cav, e.g. Cav1.2, 
Cav3.2; and store-operated Ca2+ channels, e.g. ORAI1, ORAI3; or 
regulators of Ca2+ efflux through the plasma membrane, such as Na+/
Ca2+ and plasma membrane Ca2+-ATPases, PMCA, e.g. PMCA2, 
PMCA4 [4]. In addition, dysfunction of intracellular organelles 
may play a critical role in the regulation of cytosolic Ca2+, and Ca2+ 

regulatory proteins, such as store release channels, e.g. IP3R1, IP3R3; 
sarcoplasmic/endoplasmic reticulum Ca2+- ATPases, SERCA, e.g. 
SERCA2, SERCA3; and secretory pathways Ca2+-ATPases, SPCA, e.g. 
SPCA1, SPCA2 [5].

Besides Ca2+, cyclic adenosine monophosphate (cAMP) is a 
nucleotide that acts as a second messenger in several biological 
processes, such as in cell signal transduction pathways in response to an 
external, or internal, stimulus, including post-translational regulation 
[6]. Also, cAMP can be associated with activation of protein kinases 
[7]. The dysregulation of cAMP-mediated intracellular pathways may 
compromise modulation of cAMP-controlled transcriptional factors 
[8] and genes associated with the growth of different kinds of cancer 
[9-11].

Considering that Ca2+ and cAMP signaling pathways may 
interact in an inversely-operated manner in tumors (e.g. less Ca+2, 
more cAMP production), our proposal is to reduce Ca2+ levels and 
to increase cAMP levels within tumor cells, limiting the process of 
tumor progression and heterogeneity [12]. This strategy, combined 
with chemotherapy, radiotherapy and immunotherapy may decrease 
the toxicity, and deleterious effects, of current antitumoral therapies. 
In conclusion, this would lead to achieve lower treatment costs, 
increasing adherence rate, decreasing dropout rate and increasing 
overall survival of cancer patients.

References

1. Bray F, Ferlay J, Laversanne M, Brewster DH, Gombe Mbalawa C, et al. 
(2015) Cancer incidence in five continents: Inclusion criteria, highlights from 
volume X and the global status of cancer registration. Int J Cancer 137: 2060-
2071.

2. Azar FE, Azami-Aghdash S, Pournaghi-Azar F, Mazdaki A, Rezapour A, et al. 
(2017) Cost-effectiveness of lung cancer screening and treatment methods: 
A systematic review of systematic reviews. BMC Health Serv Res 17: 413.

3. Busselberg D, Florea AM (2017) Targeting intracellular calcium signaling 
([Ca2+]i) to overcome acquired multidrug resistance of cancer cells: A mini-
overview. Cancers (Basel) 9: 48.

4. Monteith GR, Davis FM, Roberts-Thomson SJ (2012) Calcium channels and 
pumps in cancer: Changes and consequences. J Biol Chem 287: 31666-
31673.

5. Parkash J, Asotra K (2010) Calcium wave signaling in cancer cells. Life Sci 
87: 587-595.

6. Krasteva PV, Sondermann H (2017) Versatile modes of cellular regulation via 
cyclic dinucleotides. Nat Chem Biol 13: 350-359.

7. Xiao LY, Kan WM (2017) Cyclic AMP (cAMP) confers drug resistance against 
DNA damaging agents via PKAIA in CML cells. Eur J Pharmacol 794: 201-
208.

8. Neto A, Ceol CJ (2017) Melanoma-associated GRM3 variants dysregulate 
melanosome trafficking and cAMP Signaling. Pigment Cell Melanoma Res.

9. D´Auria F, Centurione L, Centurione MA, Angelini A, Di Pietro R (2017) 
Regulation of cancer cell responsiveness to ionizing radiation treatment by 
cyclic AMP response element binding nuclear transcription factor. Front Oncol 
7: 76.

10.  Wang P, Liu Z, Chen H, Ye N, Cheng X, et al. (2017). Exchange proteins 
directly activated by cAMP (EPACs): Emerging therapeutic targets. Bioorg 
Med Chem Lett 27: 1633-1639.

http://127.0.0.1/?DOI=10.1002/ijc.29670
http://127.0.0.1/?DOI=10.1002/ijc.29670
http://127.0.0.1/?DOI=10.1002/ijc.29670
http://127.0.0.1/?DOI=10.1002/ijc.29670
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-017-2374-1/open-peer-review
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-017-2374-1/open-peer-review
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-017-2374-1/open-peer-review
http://www.mdpi.com/2072-6694/9/5/48
http://www.mdpi.com/2072-6694/9/5/48
http://www.mdpi.com/2072-6694/9/5/48
http://www.jbc.org/content/287/38/31666
http://www.jbc.org/content/287/38/31666
http://www.jbc.org/content/287/38/31666
http://www.sciencedirect.com/science/article/pii/S0024320510004017?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0024320510004017?via%3Dihub
https://www.nature.com/nchembio/journal/v13/n4/full/nchembio.2337.html
https://www.nature.com/nchembio/journal/v13/n4/full/nchembio.2337.html
http://www.sciencedirect.com/science/article/pii/S0014299916307580?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0014299916307580?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0014299916307580?via%3Dihub
http://127.0.0.1/?DOI=10.1111/pcmr.12610
http://127.0.0.1/?DOI=10.1111/pcmr.12610
http://journal.frontiersin.org/article/10.3389/fonc.2017.00076/full
http://journal.frontiersin.org/article/10.3389/fonc.2017.00076/full
http://journal.frontiersin.org/article/10.3389/fonc.2017.00076/full
http://journal.frontiersin.org/article/10.3389/fonc.2017.00076/full
http://www.sciencedirect.com/science/article/pii/S0960894X17302081?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0960894X17302081?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0960894X17302081?via%3Dihub


Citation: Errante PR, Menezes-Rodrigues FS, Caricati-Neto A, Bergantin LB (2017) The Pharmacological Modulation of Ca2+/Camp Intracellular Signaling 
Pathways and Traditional Antitumoral Pharmaceuticals: A Plausible Multitarget Combined Therapy? J Clin Exp Oncol 6:4.

• Page 2 of 2 •

doi: 10.4172/2324-9110.1000e111

Volume 6 • Issue 4 • 1000e111

12. Errante PR, Caricati-Neto A, Bergantin LB (2017) Insights for the inhibition 
of cancer progression: Revisiting Ca2+ and cAMP signalling pathways. Adv 
Cancer Prev 2: e103.

11. Park JY, Juhnn YS (2017) cAMP signaling increases histone deacetylase 8 
expression via the Epac2-Rap1A-Akt pathway in H1299 lung cancer cells. 
Exp Mol Med 49: e297.

Author Affiliations                                           Top

Department of Pharmacology, Universidade Federal de São Paulo, 
Escola Paulista de Medicina, Laboratory of Autonomic and Cardiovascular 
Pharmacology, Brazil

Submit your next manuscript and get advantages of SciTechnol 
submissions

 � 80 Journals
 � 21 Day rapid review process
 � 3000 Editorial team
 � 5 Million readers
 � More than 5000 
 � Quality and quick review processing through Editorial Manager System

Submit your next manuscript at ● www.scitechnol.com/submission

https://www.omicsonline.org/open-access/insights-for-the-inhibition-of-cancer-progression-revisiting-ca2-and-campsignalling-pathways-2472-0429-1000e103.php?aid=85938
https://www.omicsonline.org/open-access/insights-for-the-inhibition-of-cancer-progression-revisiting-ca2-and-campsignalling-pathways-2472-0429-1000e103.php?aid=85938
https://www.omicsonline.org/open-access/insights-for-the-inhibition-of-cancer-progression-revisiting-ca2-and-campsignalling-pathways-2472-0429-1000e103.php?aid=85938
https://www.nature.com/emm/journal/v49/n2/full/emm2016152a.html
https://www.nature.com/emm/journal/v49/n2/full/emm2016152a.html
https://www.nature.com/emm/journal/v49/n2/full/emm2016152a.html

	Title
	Corresponding Author
	Introduction
	References

