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Introduction

Just over a decade ago, microRNAs (miRNAs) were discovered
in mammals [1] to constitute a large family of short noncoding RNA
sequences, approximately 20-22 nucleotides, synthesized in the cell
nucleus, through a complex multi-step biosynthetic process, starting
from RNA polymerase II; it is estimated that the human genome
contains more than 2500 mature miRNAs [2,3].

These nucleotides modulate gene expression, by binding the
3'-untranslated region of target messenger RNA (mRNA), both
degrading mRNA and inhibiting protein translation; miRNAs regulate
a wide range of biological processes as cell differentiation, proliferation
and development, cell-to-cell communication, cell metabolism and
apoptosis [3,4].

miRNAs are contained in tissue cells but they are also detectable
in extracellular sites, as plasma and other body fluids in which they
are carried within small membrane vesicles (exosomes), in the form of
high-density lipoprotein complexes, or complexed to carrier proteins
(argonaute-2 proteins); in 2008, miRNAs were also detected in platelets,
erythrocytes, and nucleated blood cells [5-7]. Extracellular miRNAs in
exosomes may be transferred to other cells, altering gene expression
and changing the functional effects of receivers [8-10].

There is evidence that miRNAs may have a role in molecular
mechanisms linked to cellular pathways of certain diseases, as viral
infections, cancer, diabetes and cardiovascular disease [3,4,11,12].

Literature evidences and Discussion

In 2002, for the first time, the link between miRNAs and cancer
was reported in patients with B-cell chronic lymphocytic leukemia;
in these patients was found a downregulation of miR-15a and miR-
16-1 [13]. Subsequently, a lot of studies have proven that expression
of some miRNAs is closely correlated with cancer development and
progression; indeed, it has been shown that some miRNAs may
function as oncogenes or tumor suppressors [14-16].

Significant correlations were found between a lot of miRNAs
and several types of human cancer as colorectal cancer, pancreatic
adenocarcinoma, bladder cancer, lung cancer and malignant
pleural mesothelioma, urinary and prostate cancer, breast cancer,
hematologic malignancies, glioblastoma and others, so that it was
suggested that these circulating nucleotides may be used for early
diagnosis, staging, follow up, assessment of therapeutic responses and
therapy outcomes in cancer patients [17]. Thus, as a result, the study
of miRNA has become a rapidly emerging field in oncology and the
detection of miRNA expression is a very important first step in miRNA
exploration. Currently, conventional cancer biomarkers commonly
utilized in clinical practice as, carbohydrate antigens, oncofetal
antigens, hormones, enzymes, tissue polypeptide antigen and others,
are usually employed in follow up of cancer patients; however, they
have low specificity and sensitivity so that monitoring disease is the
most common clinical use of these biomarkers [18-21]; thus, miRNA
detection could be a new effective tool in the clinical management of
cancer. The main miRNAs more related to solid malignancies are: miR-
21, miR-29¢, miR-92a, miR-125, miR-126, miR-200b-c and others [17].

In the past few years, the potential role of different miRNAs in
cardiovascular diseases has been widely recognized. In several studies
it has been proved that some heart-specific miRNAs (miR-208, miR-
499, miR-1 and miR-133) are consistently increased in plasma of
patients with acute myocardial infarction (AMI) within few hours
after the onset of infarction [22-24], thus it has been hypothesized that
miRNAs might be used to detect and monitor myocardial injury. Wang
et al. have shown that miR-208a may have advantages over classic
cardiac biomarker troponin I (¢Tnl) in the early stages of AMI, because
this miRNA achieves its peak before cTnl. It was found that miR-208a
might be detected in plasma of all patients within 4 hours of the onset
of symptoms, whereas cTnl was only detected in 85% of patients at
this early stage. In this regard, it has been suggested a faster leakage
of miRNAs than cTnl from damaged cardiomyocytes; cTnl is mainly
bound to myofibrils whereas miRNAs are probably bound to protein
complexes in the cytosol and so the latter allows a faster release from
damaged cells [25,26].

Some studies have considered a possible role of circulating miRNAs
as biomarkers for atherosclerotic disease; several downregulated
and upregulated miRNAs were found in plasma of patients with
atherosclerotic disease. For instance, miR-126, miR-92a, miR-145,
miR-155 and miR-17, were abundantly expressed in the vessel wall, in
endothelial cells, in vascular smooth muscle cells and in inflammatory
cells of atherosclerotic disease patients [27]. Other researches have
shown that miR-33a,b, miR-92a, miR-126 and others might play a
determinant role in several processes involving regulation of lipid
biosynthesis, lipoprotein metabolism, immune responses, endothelial
cell biology and vascular function [28]. miRNAs have also been
linked to various aspects of vascular remodelling and it has been
hypothesized a potential role of some miRNAs, as miR-126, miR-155
and microRNA gene clusters 17-92, 23/24/27, 143/145 and 14932, in
regulating multiple vascular remodelling processes, including
maladaptive processes of atherosclerosis, vascular restenosis and
aneurysm formation [29].

The common circulating biomarkers for cardiovascular disease are
specific proteins, such as troponins and natriuretic peptides; however
detection of these current biomarkers is usually based on antibodies,
which may exhibit cross-reactivity with other proteins. Circulating
miRNAs might offer greater advantages in terms of sensitivity and
specificity because they are stable, their sequences are evolutionarily
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conserved, their expression is often tissue or pathology specific and
because they are detected by highly sensitive and specific assay [12].
Unfortunately, most of the clinical studies on miRNAs were limited by a
relatively small number of enrolled patients; therefore, large-scale trials
are needed to determine the potential role of circulating miRNAs as
biomarkers in diagnosis and prognosis of patients with cardiovascular
diseases. The need to undertake further large-scale and long-term
clinical studies becomes even stronger when we consider that clinical
researches on miRNAs have aroused interest not only in their possible
future diagnostic role but also with regard to their potential therapeutic
implications. Indeed, it has been shown that miRNAs may be efficiently
long-term inhibited by antisense technologies, which has generated
growing expectation in the inhibition of specific miRNAs as a potential
therapeutic option for certain cardiovascular diseases [30].

miRNAs expression was also investigated in type 2 diabetes
mellitus; using miRNA arrays, reduced levels of miR-126, miR-15a,
miR-29b, and miR-223 and elevated levels of miR-28-3p were found
in type 2 diabetic patients. In vitro, in vivo and clinical studies have
revealed the association between miRNAs and some processes of
insulin production and release, as cellular membrane electrical
excitability, insulin granule exocytosis and insulin synthesis in
pancreatic beta cells [31]. Moreover, the endothelial cell-derived miR-
126, one of the identified downregulated miRNAs in atherosclerotic
disease, was found most consistently associated with type 2 diabetes
[32]. Since miR-126 has been shown to play an important role in
maintaining endothelial cell homeostasis and vascular integrity [33,34],
it has been suggested that this unique plasma miRNA might become a
valuable tool to predict micro- and macro-vascular complications of
diabetes. The analysis of circulating miRNA might be a good source of
diagnostic and prognostic biomarkers also in metabolic diseases. To
this end, longitudinal clinical studies with large sample size and with
standardized system for the analysis of miRNA should be conducted
to evaluate the clinical value of these nucleotides as biomarkers for
predicting progression of metabolic diseases.

The presence of endogenous miRNAs in microparticles makes cir-
culating miRNAs remarkably stable in the bloodstream, so they may
be identified and measured in the circulation [12]; several techniques
are available for quantifying circulating miRNAs, such as quantitative
real-time Polimerase Chain Reaction (QRT-PCR) [35], Northern blot-
ting [36], bead-based flow Cytometry [37], Microarray [38] or Deep
sequencing [39]. However, of these assay, QRT-PCR seems superior
because of its high sensitivity, specificity and reproducibility; moreover
qRT-PCR requires less amount of RNA sample, usually more than 1 pug,
but the number of miRNAs possible to analyze and RNA quantity may
represent limitations for this assay [35]. Conversely, Deep sequencing
technology has recently emerged as an attractive approach for miRNA
analysis; in some cases, this technique showed most specificity and sen-
sitivity compared to gqRT-PCR and Microarray, also allowing identi-
fication of novel miRNA isoforms [40]. It is well known that a single
gene may, in turn, be regulated by multiple miRNAs, therefore, given
the large number of miRNAs annotated in the human genome, 30% to
80% of human genes are predicted to be influenced by miRNAs. More-
over, a single miRNA influences the expression of hundreds of unique
miRNAs and aberrant miRNA expression may affect a multitude of
transcripts and may profoundly influence disease-related signaling
pathways. This situation generates a complex network so the analysis
of miRNA panels is consequently more efficient in studies of diseases
than the analysis of a single miRNA [41].

The current methods used for miRNAs detection usually require

high costs and this aspect exerts limits on their use in daily clinical
practice; in this way, research should try to overcome this limiting
factor by developing less expensive detection techniques whereas
spending review and cost-containment measures in health care
represent a significant management problem [42].

However, given that current serological biomarkers, commonly
employed in diagnosis and follow up of some diseases as cancer,
acute myocardial infarction, atherosclerosis and diabetes seem to
have lower specificity and sensitivity than miRNAs, it is plausible
that circulating miRNAs detection may be included in future routine
clinical examinations for management of these diseases. Unfortunately,
in terms of sensitivity and specificity, to date there are only few small
comparative studies between microRNAs and other conventional
serological disease biomarkers commonly used in clinical practice.

Conclusion

In conclusion, the potential of circulating miRNAs as stable
blood-based biomarkers for some diseases is promising and it is to be
expected that combining multiple miRNAs into a miRNA profile may
provide greater accuracy than can be expected from the assessment of
a single miRNA. There are currently no circulating miRNAs that are
validated as biomarkers for use in routine clinical practice; the lack
of significative comparative studies between miRNAs and common
disease biomarkers and high detection costs are the main limitations
on the use of these nucleotides in daily clinical practice. In the next
future, larger, comparative, long-term, randomized controlled trials
must be undertaken, primarily in oncology, since the most significant
results were obtained in this field. Particularly, new low-cost and wide
availability assays to detect cancer biomarkers with high sensitivity and
specificity need to be developed to improve screening protocols, early
diagnosis, staging and follow up in neoplastic patients and to provide
information on chemoresistance and the risk of relapses.

References
1. Ambros V (2004) The functions of animal microRNAs. Nature 431: 350-355.

2. Ha M, Kim VN (2014) Regulation of microRNA biogenesis. Nat Rev Mol Cell
Biol 15: 509-524.

3. Bartel DP (2004) MicroRNAs: Genomics, biogenesis, mechanism, and function.
Cell 116(2): 281-297.

4. Bushati N, Cohen SM (2007) microRNA functions. Annu Rev Cell Dev Biol 23:
175-205.

5. Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, et al. (2008) Circulating
microRNAs as stable blood-based markers for cancer detection. Proc Natl
Acad Sci USA 105: 10513-10518.

6. Lawrie CH, Gal S, Dunlop HM, Pushkaran B, Liggins AP, et al. (2008) Detection
of elevated levels of tumour-associated microRNAs in serum of patients with
diffuse large B-cell lymphoma. Br J Haematol 141: 672-675.

7. ChenX,BaY,Mal,CaiX,YinY, etal. (2008) Characterization of microRNAs
in serum: a novel class of biomarkers for diagnosis of cancer and other
diseases. Cell Res 18: 997-1006.

8. Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee JJ, et al. (2007) Exosome-
mediated transfer of MRNAs and microRNAs is a novel mechanism of genetic
exchange between cells. Nat Cell Biol 9: 654-659.

9. Arroyo JD, Chevillet JR, Kroh EM, Ruf IK, Pritchard CC, et al. (2011) Argonaute2
complexes carry a population of circulating microRNAs independent of vesicles
in human plasma. Proc Natl Acad Sci US A 108: 5003-5008.

10. Vickers KC, Palmisano BT, Shoucri BM, Shamburek RD, Remaley AT (2011)
MicroRNAs are transported in plasma and delivered to recipient cells by high-
density lipoproteins. Nat Cell Biol 13: 423-433.

11. Yang W, Lee DY, Ben-David Y (2011) The roles of microRNAs in tumorigenesis
and angiogenesis. Int J Physiol Pathophysiol Pharmacol 3(2): 140-155.

J Mol Genet Med, an open access journal
ISSN: 1747-0862

Volume 11 « Issue 1+ 1000241


http://www.nature.com/nature/journal/v431/n7006/full/nature02871.html
http://www.nature.com/nrm/journal/v15/n8/full/nrm3838.html
http://www.nature.com/nrm/journal/v15/n8/full/nrm3838.html
http://www.sciencedirect.com/science/journal/00928674
http://www.sciencedirect.com/science/journal/00928674
http://www.annualreviews.org/doi/10.1146/annurev.cellbio.23.090506.123406
http://www.annualreviews.org/doi/10.1146/annurev.cellbio.23.090506.123406
http://www.pnas.org/content/105/30/10513.long
http://www.pnas.org/content/105/30/10513.long
http://www.pnas.org/content/105/30/10513.long
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2008.07077.x/abstract;jsessionid=913FCB3271E3FB486D7BDFE1F308C03D.f03t03
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2008.07077.x/abstract;jsessionid=913FCB3271E3FB486D7BDFE1F308C03D.f03t03
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2008.07077.x/abstract;jsessionid=913FCB3271E3FB486D7BDFE1F308C03D.f03t03
http://www.nature.com/cr/journal/v18/n10/full/cr2008282a.html
http://www.nature.com/cr/journal/v18/n10/full/cr2008282a.html
http://www.nature.com/cr/journal/v18/n10/full/cr2008282a.html
http://www.nature.com/ncb/journal/v9/n6/full/ncb1596.html
http://www.nature.com/ncb/journal/v9/n6/full/ncb1596.html
http://www.nature.com/ncb/journal/v9/n6/full/ncb1596.html
http://www.pnas.org/content/108/12/5003.long
http://www.pnas.org/content/108/12/5003.long
http://www.pnas.org/content/108/12/5003.long
http://www.nature.com/ncb/journal/v13/n4/full/ncb2210.html
http://www.nature.com/ncb/journal/v13/n4/full/ncb2210.html
http://www.nature.com/ncb/journal/v13/n4/full/ncb2210.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3134008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3134008/

Citation: Carella AM, Benvenuto A, Marinelli T, Melfitano A, Modola G, et al. (2017) Circulating MicroRNAs as Novel Disease Biomarkers: Can They be
Applied in Daily Clinical Practice? J Mol Genet Med 11: 241 doi:10.4172/1747-0862.1000241

Page 3 of 3

.Creemers EE, Tijsen AJ, Pinto YM (2012) Circulating microRNAs: Novel

biomarkers and extracellular communicators in cardiovascular disease? Circ
Res 110(3): 483-95.

. Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, et al. (2002) Frequent

deletions and down-regulation of micro-RNA genes miR15 and miR16 at 13q14
in chronic lymphocytic leukemia. Proc Natl Acad Sci USA 99(24): 15524-15529.

.Ye J, Wu X, Wu D, Wu P, Ni C, et al. (2013) miRNA-27b targets vascular

endothelial growth factor C to inhibit tumor progression and angiogenesis in
colorectal cancer. PLoS One 8(4): e60687.

.Hur K, Toiyama Y, Takahashi M, Balaguer F, Nagasaka T, et al. (2013)

MicroRNA-200c modulates epithelial-to-mesenchymal transition (EMT) in
human colorectal cancer metastasis. Gut 62: 1315-1326.

27.

28.

29.

30.

their significance for diagnosis of acute coronary syndromes. Eur Heart J 19
(suppl N): N25-N29.

Fichtlscherer S, De Rosa S, Fox H, Schwietz T, Fischer A, et al. (2010)
Circulating microRNAs in patients with coronary artery disease. Circ Res 107:
677-684.

Giral H, Kratzer A, Landmesser U (2016) MicroRNAs in lipid metabolism and
atherosclerosis. Best Pract Res Clin Endocrinol Metab 30(5): 665-676.

Welten SM, Goossens EA, Quax PH, Nossent AY (2016) The multifactorial
nature of microRNAs in vascular remodelling. Cardiovasc Res 110(1): 6-22.

Rooij VE, Marshall WS, Olson EN (2008) Towards microRNA-based
therapeutics for heart disease: the sense in antisense. Circ Res 103: 919-928.

16.Yu Y, Kanwar SS, Patel BB, Oh PS, Nautiyal J, et al. (2012) MicroRNA-21 51 Calderari S, Diawara MR, Garaud A, Gauguier D (2017) Biological roles of
. . . microRNAs in the control of insulin secretion and action. Physiol Genomics.
induces stemness by downregulating transforming growth factor beta receptor Jan 1:49(1):1-10
2 (TGF_R?2) in colon cancer cells. Carcinogenesis 33: 68-76. ’ : ’
. . . 32. Zampetaki A, Kiechl S, Drozdov I, Willeit P, Mayr U, et al. (2010) Plasma
17. 1zzotti A, Carqzzo S, Eull!erg A’. Zha.baye\{a D Rfavettl JL, ?t al. (.2016) microRNA profiling reveals loss of endothelial miR-126 and other microRNAs
Extracellular MicroRNA in liquid biopsy: applicability in cancer diagnosis and in type 2 diabetes. Circ Res 107: 810-817
prevention. Am J Cancer Res 6(7): 1461-1493. P ’ ’ ’
. . 33. Wang S, Aurora AB, Johnson BA, Qi X, McAnally J, et al. (2008) The endothelial-
18. Carpelan-Holmstrom M, Lothmo J, Stenn_]an UH.’ Alfthan H, Haglund .C (20.02) specific microRNA miR-126 governs vascular integrity and angiogenesis. Dev
CEA, CA 19-9 and CA 72-4 improve the diagnostic accuracy in gastrointestinal .
. Cell 15: 261-271.
cancers. Anticancer Res 22: 2311-2316.
. 34. Fish JE, Santoro MM, Morton SU, Yu S, Yeh RF, et al. (2008) miR-126
19. Buys SS, Partridge E, Black A, Johnson CC, Lamerato L, et al. (2011) PLCO . co . . . ) g
Project team. Effect of screening on ovarian cancer mortality: The Prostate, regulates angiogenic signaling and vascular integrity. Dev Cell 15: 272-284.
Lung, Colorectal and Ovarian (PLCO) cancer screening randomized controlled 35. Chen C, Ridzon DA, Broomer AJ, Zhou Z, Lee DH, et al. (2005) Real-time
trial. JAMA 305(22): 2295-303. quantification of microRNAs by stem-loop RT-PCR. Nucleic Acids Res 33:
e179-e179.
20. Schréder FH, Hugosson J, Roobol MJ, Tammela TL, Zappa M, et al. (2014)
ERSPC Investigators. screening and prostate cancer mortality: Results of the 36. Valoczi A, Hornyik C, Varga N, Burgyan J, Kauppinen S, et al. (2004) Sensitive
European Randomized Study of Screening for Prostate Cancer (ERSPC) at 13 and specific detection of microRNAs by northern blot analysis using LNA-
years of follow-up. Lancet 384: 2027-2035. modified oligonucleotide probes. Nucleic Acids Res 32: 175-183.
21. Sturgeon CM, Duffy MJ, Stenman UH, Lilja H, Brunner N, et al. (2008) National 37.Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, et al. (2005) MicroRNA
Academy of Clinical Biochemistry Laboratory Medicine Practice Guidelines for expression profiles classify human cancers. Nature 435: 834-838.
use of tumor markers in testicular, prostate, colorectal, breast, and ovarian . .
cancers. Clin Chemn 54: e11-e79. 38. Zhap H, Shen J,_ Medico L, Wang_ D, /_\mbrosone CB, et al. (2010) A pilot study
of circulating miRNAs as potential biomarkers of early stage breast cancer.
22. Corsten MF, Dennert R, Jochems S, Kuznetsova T, Devaux Y, et al. (2010) PLoS One 5: 13735-13747.
Circulating microRNA-208b and microRNA-499 reflect myocardial damage in 39.Wu Q, Lu Z, Li H, Lu J, Guo L, et al. (2011) Next-generation sequencing of
di lar di . Circ Cardi Genet 3: 499-506. SWUAS, LU £, LER, LU, BUo L, : Xt ! uenct
cardiovascular disease. Lirc Lardiovasc ene microRNAs for breast cancer detection. J Biomed Biotechnol 2011:597145-
23.Ji X, Takahashi R, Hiura Y, Hirokawa G, Fukushima Y, et al. (2009) Plasma 597152.
iR-2 i ker of ial injury. Clin Ch 1 1944-1949.
miR-208 as a biomarker of myocardial injury. Clin Chem 55: 1944-1949 40. Megiomni F, Cialfi S, McDowell HP, Felsani A, Camero S, et al. (2014) Deep
24. Bostjancic E, Zidar N, Stajer D, Glavac D (2010) MicroRNAs miR-1, miR-133a, sequencing the microRNA profile in rhabdomyosarcoma reveals down-
miR-133b and miR-208 are dysregulated in human myocardial infarction. regulation of miR-378 family members. BMC Cancer 14: 880.
Cardiology 115: 163-169. 41.Lu J, Clark AG (2012) Impact of microRNA regulation on variation in human
25. Wang GK, Zhu JQ, Zhang JT, Li Q, Li Y, et al. (2010) Circulating microRNA: A gene expression. Genome Res 22(7): 1243-1254.
Ez‘r’f;npsotzztr'ﬂ:;?t"]agﬁ?;fs‘g_gggy diagnosis of acute myocardial infarction in 5 i \v 7pa6 B, Jin Y, Ruan K (2010) Development of a low-cost detection
’ ’ ’ method for miRNA microarray. Acta Biochim Biophys Sin (Shanghai) 42(4):
26. Wu AH, Feng YJ (1998) Biochemical differences between cTnT and cTnl and 296-301.http://www.abbs.info/fulltxt/42-04/42040296.htm
J Mol Genet Med, an open access journal

ISSN: 1747-0862

Volume 11 « Issue 1+ 1000241


https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehq013
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehq013
http://circres.ahajournals.org/content/107/5/677.long
http://circres.ahajournals.org/content/107/5/677.long
http://circres.ahajournals.org/content/107/5/677.long
http://www.bprcem.com/article/S1521-690X(16)30076-8/abstract
http://www.bprcem.com/article/S1521-690X(16)30076-8/abstract
https://academic.oup.com/cardiovascres/article-lookup/doi/10.1093/cvr/cvw039
https://academic.oup.com/cardiovascres/article-lookup/doi/10.1093/cvr/cvw039
http://circres.ahajournals.org/content/103/9/919
http://circres.ahajournals.org/content/103/9/919
https://www.biomedcentral.com/collections/diseasegenomics
https://www.biomedcentral.com/collections/diseasegenomics
https://www.biomedcentral.com/collections/diseasegenomics
http://circres.ahajournals.org/content/107/6/810.long
http://circres.ahajournals.org/content/107/6/810.long
http://circres.ahajournals.org/content/107/6/810.long
http://www.cell.com/developmental-cell/abstract/S1534-5807(08)00281-5?_returnURL=http%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1534580708002815%3Fshowall%3Dtrue
http://www.cell.com/developmental-cell/abstract/S1534-5807(08)00281-5?_returnURL=http%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1534580708002815%3Fshowall%3Dtrue
http://www.cell.com/developmental-cell/abstract/S1534-5807(08)00281-5?_returnURL=http%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1534580708002815%3Fshowall%3Dtrue
http://www.cell.com/developmental-cell/abstract/S1534-5807(08)00287-6?_returnURL=http%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1534580708002876%3Fshowall%3Dtrue
http://www.cell.com/developmental-cell/abstract/S1534-5807(08)00287-6?_returnURL=http%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1534580708002876%3Fshowall%3Dtrue
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gni178
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gni178
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gni178
http://www.nature.com/nature/journal/v435/n7043/full/nature03702.html
http://www.nature.com/nature/journal/v435/n7043/full/nature03702.html
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0013735
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0013735
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0013735
https://www.hindawi.com/journals/bmri/2011/597145/
https://www.hindawi.com/journals/bmri/2011/597145/
https://www.hindawi.com/journals/bmri/2011/597145/
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-14-880
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-14-880
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-14-880
http://genome.cshlp.org/content/22/7/1243.long
http://genome.cshlp.org/content/22/7/1243.long
D:\Local D\Aditya Abishek Team\Abhishek Team\JMGM\Volume11\Volume11.1\Volume11.1_W\JMGM-16-238 [m] 241\v
D:\Local D\Aditya Abishek Team\Abhishek Team\JMGM\Volume11\Volume11.1\Volume11.1_W\JMGM-16-238 [m] 241\v
D:\Local D\Aditya Abishek Team\Abhishek Team\JMGM\Volume11\Volume11.1\Volume11.1_W\JMGM-16-238 [m] 241\v
http://www.abbs.info/fulltxt/42-04/42040296.htm
http://circres.ahajournals.org/content/110/3/483.long
http://circres.ahajournals.org/content/110/3/483.long
http://circres.ahajournals.org/content/110/3/483.long
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=12434020
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=12434020
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=12434020
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0060687
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0060687
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0060687
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3787864/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3787864/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3787864/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3276336/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3276336/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3276336/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4969398/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4969398/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4969398/
http://ar.iiarjournals.org/content/by/year
http://ar.iiarjournals.org/content/by/year
http://ar.iiarjournals.org/content/by/year
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2011.766
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2011.766
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2011.766
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2011.766
http://www.nejm.org/doi/full/10.1056/NEJMoa0810084
http://www.nejm.org/doi/full/10.1056/NEJMoa0810084
http://www.nejm.org/doi/full/10.1056/NEJMoa0810084
http://www.nejm.org/doi/full/10.1056/NEJMoa0810084
http://www.clinchem.org/cgi/pmidlookup?view=long&pmid=19042984
http://www.clinchem.org/cgi/pmidlookup?view=long&pmid=19042984
http://www.clinchem.org/cgi/pmidlookup?view=long&pmid=19042984
http://www.clinchem.org/cgi/pmidlookup?view=long&pmid=19042984
http://circgenetics.ahajournals.org/content/3/6/499.long
http://circgenetics.ahajournals.org/content/3/6/499.long
http://circgenetics.ahajournals.org/content/3/6/499.long
http://www.clinchem.org/cgi/pmidlookup?view=long&pmid=19696117
http://www.clinchem.org/cgi/pmidlookup?view=long&pmid=19696117
https://www.karger.com/?DOI=10.1159/000268088
https://www.karger.com/?DOI=10.1159/000268088
https://www.karger.com/?DOI=10.1159/000268088
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehq013
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehq013
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehq013
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehq013

	Title
	Corresponding author
	Introduction
	Conclusion
	References

