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Cancer is one of the most common disease and known to have 
a lethal risk. The most common cancers worldwide in 2012 were 
diagnosed in lung, breast, intestines, prostate, stomach, liver, cervix, 
esophagus and bladder, respectively [1]. In theory, carcinogenesis can 
occur in each organ/tissue of the living organism. However, heart cancer 
likely appears the rarest cancer seen in a vital organ and even has a low 
incidence in people with heart problems as reported that only 9% of 
those people who had open-heart surgery showed malignant cardiac 
tumor [2]. Besides, heart cancer is not the only, such paraganglioma and 
retinoblastoma are also the rare cancers. Their existence/incidence can 
be rather reasonable, whereas life ends immediately when heart fails.

Researchers have revealed the oldest case of cancer in a skeleton 
from 1200 B.C [3]. However, the people of those times were probably 
not aware of cancer. After thousands of years, we are able to have lots of 
understandings on cancer progress. Nonetheless there is not a certain 
therapy for cancer developed yet. Cancer was earlier thought to be 
induced by the genetic mutations only. The missing part of puzzle has 
recently been added: Epigenetics. The term of “Epigenetics” represents 
dynamic and reversible biochemical changes within the nucleic acids 
and chromatin proteins that involve in normal processes of life. 
Abnormalities in DNA methylation can associate with cancer formation 
since DNA methylation at genomic and/or gene specific scale has been 
detected to alter in gastric [4], prostate [5], ovarian [6], leukemia [7], 
lymphoma [8], pancreatic [9], lung [10], liver [11], colorectal [12], 
breast [13], esophageal [14], paraganglioma [15], brain [16], skin [17], 
bladder [18], adrenal [19], anal [20], salivary gland [21], renal [22], 
cervical [23], oral [24], thymus [25], thyroid [26], retinoblastoma [27], 
rhabdomyosarcoma [28] and head-neck [29] cancers. These suggest that 
changes in DNA methylation are highly associated with cancer but one 
of the questions is whether the changes in DNA methylation are the 
result or the cause of cancer. 

Heart is the organ highly composed of muscle tissue, but it has a 
unique muscle tissue neither exactly the same with skeletal nor smooth 
muscle tissues. Skeletal muscle is under control of human activity 
(by somatic nervous system) but heart and smooth muscles work 
automatically (by autonomic nervous system), suggesting that heart 
and organs containing smooth muscle such intestines are regularly 
exercising by themselves. But heart is clearly emphasized to be the most 
active organ physically. Each cell in the organs has a level of micro-
motility by such actin [30,31] and myosin proteins [31], but not each 
organ itself has an active motility, except heart. Therefore, a possible 
reason why heart cancer rarely develops can be that heart is the only 
organ with the highest physical activity by itself in the body, resulting 
in its automatic and fast refreshment. This can be symbolized by people 
with physical activities living healthier and even longer than people 
with low activity [32-34]. Nevertheless this is considerable that heart 
diseases cannot be tolerated much than chronic diseases of other organs 
so early and sudden deaths can be resulted from heart failures. This may 
cause not to estimate the incidence of malignant heart cancer properly. 

Heart beats through electrical signaling by cardiac cells having a 
role in contractility. Common contractile proteins include e.g. myosins 
(Myl), myosin heavy chain proteins (Myh), kinesins, tropomyosins, 
Ca+2 ATPases, troponin and alpha actinin. Myl2 gene, involved in tight 
function signaling and contractility, was demethylated in ventricular 
myocyte derived stem cells [35] , suggesting gene specific DNA 
methylation is supposed to occur in the mature heart. Pattern of Myh 

proteins are also differentially found in developmental stage of heart, 
as Myh7 gene is expressed in heart during embryogenesis but Myh6 
is expressed after the birth [36]. Zebularine, a demethylating agent, 
induced embryonic stem cells to be cardiac cells and contractility by 
increasing the expression of cardiac markers such Myh7, Myl7 and Myl2 
[37]. Inhibition of DNA methylation by a demethylating agent decreased 
the anomaly of cardiac contractility induced by carcinogen exposure 
[38], and revoked the decreased contractility in cardiac hypertrophy 
[39]. Therefore it can be said that gene specific alterations in heart’s 
cytosine methylation can associate with contractility abnormalities. 

Gene-specific methylation plays a role during heart development. 
Genes involved in heart development are actively expressed so that 
they are demethylated. Disruption in the balance between methylation 
and demethylation of genes encoding contractility proteins can result 
in malfunction of contractility that will shortly cause heart arrest. 
This can indirectly prevent cancer progress of heart. One presumption 
is related to the genes functioning in contractility of heart which are 
the key since being highly and automatic contractile, therefore this 
makes heart different than other organs. Studies point out that some 
contractility genes are demethylated in development of heart but some 
is demethylated in adult heart. It suggests that contractility can be 
immediately failed if methylation patterns of these genes change. This is 
expectable when there is no contractility; the heart is subject to stop in 
a short time. This also supports the proposed obstacle to determine the 
incidence of heart cancer. But, making a conclusion is hard since heart 
cancer cases are limited. Revealing the pattern of DNA methylation in 
heart cancer will surely provide a large part of puzzle to understand 
about carcinogenesis, and give an insight into answer of opposite 
question how cancer cannot occur. 

Conflict of Interests

The author declares no conflict of interests.

References

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, et al. (2015) Cancer
incidence and mortality worldwide: Sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer 136: E359-386. 

2. Habertheuer A, Laufer G, Wiedemann D, Andreas M, Ehrlich M, et al. (2015)
Primary cardiac tumors on the verge of oblivion: A European experience over
15 years. J Cardiothorac Surg 10: 56. 

3. Binder M, Roberts C, Spencer N, Antoine D, Cartwright C (2014) On the
antiquity of cancer: Evidence for metastatic carcinoma in a young man from
ancient Nubia (c. 1200 BC). PLoS One 9: e90924. 

4. Song IS, Ha GH, Kim JM, Jeong SY, Lee HC, et al. (2011) Human ZNF312b
oncogene is regulated by Sp1 binding to its promoter region through DNA
demethylation and histone acetylation in gastric cancer. Int J Cancer 129:
2124-2133. 

M
ol

ec
ul

ar  
Biology: OpenAccess

ISSN: 2168-9547

Molecular Biology: Open Access

http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/


Volume 5 • Issue 3 • 1000167Mol Biol
ISSN: 2168-9547 MBL, an open access journal

Citation: Çelik-Uzuner S (2016) Why is Cardiac Cancer Rare: Contractility by Epigenetic Regulations? Mol Biol 5: 167. doi:10.4172/2168-9547.1000167

Page 2 of 2

5. Li S, Zhu Y, Ma C, Qiu Z, Zhang X, et al. (2015) Down regulation of EphA5 by
promoter methylation in human prostate cancer. BMC Cancer 15: 18. 

6. Hattori M, Sakamoto H, Satoh K, Yamamoto T (2001) DNA demethylase is
expressed in ovarian cancers and the expression correlates with demethylation 
of CpG sites in the promoter region of c-erbB-2 and surviving genes. Cancer
Lett 169: 155-164. 

7. Celik S, Akcora D, Ozkan T, Varol N, Aydos S, et al. (2015) Methylation analysis 
of the DAPK1 gene in imatinib-resistant chronic myeloid leukemia patients.
Oncol Lett 9: 399-404. 

8. Zhang T, Ma J, Nie K, Yan J, Liu Y, et al. (2014) Hyper methylation of the tumor 
suppressor gene PRDM1/Blimp-1 supports a pathogenetic role in EBV-positive 
Burkitt lymphoma. Blood Cancer J 4: e261. 

9. Wang P, Chen L, Zhang J, Chen H, Fan J, et al. (2014) Methylation-mediated
silencing of the miR-124 genes facilitates pancreatic cancer progression and
metastasis by targeting Rac1. Oncogene 33: 514-524. 

10. Wu CY, Tseng RC, Hsu HS, Wang YC, Hsu MT (2009) Frequent down-regulation 
of hRAB37 in metastatic tumor by genetic and epigenetic mechanisms in lung
cancer. Lung Cancer 63: 360-367. 

11. Mudbhary R, Hoshida Y, Chernyavskaya Y, Jacob V, Villanueva A, et al. (2014) 
UHRF1 overexpression drives DNA hypomethylation and hepatocellular
carcinoma. Cancer Cell 25: 196-209. 

12. Hur K, Cejas P, Feliu J, Moreno-Rubio J, Burgos E, et al. (2014) Hypomethylation 
of long interspersed nuclear element-1 (LINE-1) leads to activation of proto-
oncogenes in human colorectal cancer metastasis. Gut 63: 635-646. 

13. Zhang X, Sun Q, Shan M, Niu M, Liu T, et al. (2013) Promoter hypermethylation 
of ARID1A gene is responsible for its low mRNA expression in many invasive
breast cancers. PLoS One 8: e53931. 

14. Baba Y, Watanabe M, Murata A, Shigaki H, Miyake K, et al. (2014) LINE-1
hypomethylation, DNA copy number alterations, and CDK6 amplification in 
esophageal squamous cell carcinoma. Clin Cancer Res 20: 1114-1124. 

15. Kiss N (2013) Acquired hypermethylation of the P16INK4A promoter in
abdominal paraganglioma: Relation to adverse tumor phenotype and
predisposing mutation. Endocrine-Related Cancer. 20: 65-78. 

16. Costello JF (2014) Clonal Evolution of Gliomas Is Encoded in the Evolutionary
Dynamics of DNA Methylation. Neuro-Oncology,16. 

17. Lauss M, Haq R, Cirenajwis H, Phung B, Harbst K, et al. (2015) Genome-
wide DNA methylation analysis in melanoma reveals the importance of CpG
methylation in MITF regulation. J Invest Dermatol 135: 1820-1828. 

18. Conti SL, Honeycutt J, Odegaard JI, Gonzalgo ML, Hsieh MH (2015) 
Alterations in DNA methylation may be the key to early detection and treatment
of schistosomal bladder cancer. PLoS Negl Trop Dis 9: e0003696. 

19. Assie G, et al. (2014) Prognostic value of DNA methylation in adrenocortical
carcinomas: An ENSAT study. Endocrine Abstracts, 35. 

20. Siegel E.M, et al. (2014) Epigenomic characterization of locally advanced anal 
cancer: A radiation therapy oncology group 98-11 specimen study. Diseases of 
the Colon & Rectum. 57: 941-957. 

21. Zheng C, Baum BJ, Liu X, Goldsmith CM, Perez P, et al. (2015) Persistence
of hAQP1 expression in human salivary gland cells following AdhAQP1
transduction is associated with a lack of methylation of hCMV promoter. Gene
Ther 22: 758-766. 

22. Lasseigne BN, Burwell TC, Patil MA, Absher DM, et al. (2014) DNA methylation
profiling reveals novel diagnostic biomarkers in renal cell carcinoma. BMC Med
12: 235. 

23. Siegel EM, Riggs BM, Delmas AL, Koch A, Hakam A, et al. (2015) Quantitative
DNA methylation analysis of candidate genes in cervical cancer. PLoS One
10: e0122495. 

24. Huang YK, Peng BY, Wu CY, Su CT, Wang HC, et al. (2014) DNA methylation
of PAX1 as a biomarker for oral squamous cell carcinoma. Clin Oral Investig
18: 801-808. 

25. Mokhtar M, Kondo K, Namura T, Ali AH, Fujita Y, et al. (2014) Methylation and
expression profiles of MGMT gene in thymic epithelial tumors. Lung Cancer
83: 279-287. 

26. Zhao Z, Herman JG, Brock MV, Sheng J, Zhang M, et al. (2014) Methylation 
of DACT2 promotes papillary thyroid cancer metastasis by activating Wnt 
signaling. PLoS One 9: e112336. 

27. Livide G, Epistolato MC, Amenduni M, Disciglio V, Marozza A, et al. (2012) 
Epigenetic and copy number variation analysis in retinoblastoma by MS-MLPA. 
Pathol Oncol Res 18: 703-712. 

28. Nitzki F, Tolosa EJ, Cuvelier N, Frommhold A, Salinas-Riester G, et al. (2015) 
Overexpression of mutant Ptch in rhabdomyosarcomas is associated with 
promoter hypomethylation and increased Gli1 and H3K4me3 occupancy. 
Oncotarget 6: 9113-9124. 

29. Poage G (2011) Global Hypomethylation Identifies Loci Targeted for
Hypermethylation in Head and Neck Cancer. Human Cancer Biology. 17: 3579-
3589. 

30. Blanchoin L, Boujemaa-Paterski R, Sykes C, Plastino J (2014) Actin dynamics, 
architecture, and mechanics in cell motility. Physiol Rev 94: 235-263. 

31. Shao D, Levine H, Rappel WJ (2012) Coupling actin flow, adhesion and 
morphology in a computational cell motility model. Proc Natl Acad Sci U S A 
109: 6851-6856. 

32. Wen CP, Wai JP, Tsai MK, Yang YC, Cheng TY, et al. (2011) Minimum amount 
of physical activity for reduced mortality and extended life expectancy: A 
prospective cohort study. Lancet 378: 1244-1253. 

33. Moore SC, Patel AV, Matthews CE, Berrington de Gonzalez A, Park Y, et al. 
(2012) Leisure time physical activity of moderate to vigorous intensity and 
mortality: A large pooled cohort analysis. PLoS Med 9: e1001335. 

34. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, et al. (2012) Effect of physical 
inactivity on major non-communicable diseases worldwide: An analysis of 
burden of disease and life expectancy. Lancet 380: 219-229. 

35. Xu H, Yi BA, Wu H, Bock C, Gu H, et al. (2012) Highly efficient derivation of 
ventricular cardiomyocytes from induced pluripotent stem cells with a distinct 
epigenetic signature. Cell Res 22: 142-154. 

36. Dirkx E, da Costa Martins PA, De Windt LJ (2013) Regulation of fetal gene
expression in heart failure. Biochim Biophys Acta 1832: 2414-2424. 

37. Horrillo A, Pezzolla D, Fraga MF, Aguilera Y, Salguero-Aranda C, et al. (2013) 
Zebularine regulates early stages of mESC differentiation: effect on cardiac
commitment. Cell Death Dis 4: e570. 

38. Turdi S, et al. (2013) Inhibition of DNA methylation attenuates low-dose
cadmium-induced cardiac contractile and intracellular Ca2+ anomalies. Clinical
and Experimental Pharmacology and Physiology. 40: 706-712. 

39. Xiao D, Dasgupta C, Chen M, Zhang K, Buchholz J, et al. (2014) Inhibition of 
DNA methylation reverses norepinephrine-induced cardiac hypertrophy in rats. 
Cardiovasc Res 101: 373-382.

http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://erc.endocrinology-journals.org/content/20/1/65.full.pdf
http://erc.endocrinology-journals.org/content/20/1/65.full.pdf
http://erc.endocrinology-journals.org/content/20/1/65.full.pdf
http://neuro-oncology.oxfordjournals.org/content/16/suppl_3/iii51.4.abstract
http://neuro-oncology.oxfordjournals.org/content/16/suppl_3/iii51.4.abstract
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.endocrine-abstracts.org/ea/0035/ea0035oc2.3.htm
http://www.endocrine-abstracts.org/ea/0035/ea0035oc2.3.htm
http://www.ncbi.nlm.nih.gov/pubmed/25003289
http://www.ncbi.nlm.nih.gov/pubmed/25003289
http://www.ncbi.nlm.nih.gov/pubmed/25003289
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/21505061
http://www.ncbi.nlm.nih.gov/pubmed/21505061
http://www.ncbi.nlm.nih.gov/pubmed/21505061
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/23902534
http://www.ncbi.nlm.nih.gov/pubmed/23902534
http://www.ncbi.nlm.nih.gov/pubmed/23902534
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/

	Title
	Corresponding author
	Conflict of Interests 
	References

