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Cardiovascular disease has become the main fattdeath and birth defects in the world. There ame

therapeutic structures and drugs for curative aaltiafive therapy of the disease, but to the aimactessing

reliable therapy or to postpone onset of diseagggaally for individuals with heritable coronamteay disease

in their pedigree Genetic engineering technologige making advances in the field by identifying

oligonucleotides with higher potencies which can dasily targeted against almost any gene, partigula

interfering RNA (RNAI). Recently, the focus of RNAipproaches has encompassed the use of synthetic

sequences to mimic or silence endogenous microRMARNAS) that are abruptly dysregulated following

cardiovascular diseases. In this review, we sunmadtie role of miRNAs in heart development and wksc

system as two main factors of birth defects andtadarbidity and mortality and miRNAS as new thezafic

agents.
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Cardiovascular disease, including its most
severe complication myocardial infarction,

has become the main factor of death in the world
1, 2).

More than 80% of sudden cardiac deaths in
the world are caused by atherosclerotic coronary
artery disease (CAD), and the remaining 20% of
cases are caused by other diseases including
cardiomyopathies, congenital heart disease, left
ventricular hypertrophy, aortic valve disease, and
other cardiac disorders. The familial aggregatibn o
coronary heart disease can be in large part
accounted for by a clustering of cardiovascular
disease risk factors separated by environmental ris

factors and genetic risk factors. To elucidate the
determinants of cardiovascular disease, many
epidemiological studies have focused on the
behavioral and lifestyle determinants of these risk
factors, whereas, others have examined whether
specific candidate genes influence quantitative
variation in these phenotypes (3). There are two
separated environmental factors which lead to the
disease, including habitual factors like smoking or
other lifestyles, and epidemiological factors or
factors related with the place an individual lives
like air pollution and other environmental factors.
Many authors have examined the association of
height, weight, body mass index (BMI), cholesterol
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level, and pulse rate with blood pressure
phenotypes as environmental factors and all the
traits have shown a significant association (4 AS).
mentioned before there are also genetic risk factor
causing cardiovascular disease. Despite years of
intensive research, not a single genetic risk faisto
used for risk assessment. The new strategy of
genome-wide association (GWA) studies (for
example, see http://www.wtccc. org.uk/) is starting
to reveal novel genetic factors that contribute to
disease risk. The spectrum of the genetic variants
that predispose to CVD spans from rare, highly
deleterious mutations responsible for Mendelian
diseases which are usually identified by linkage
studies, to common polymorphisms (minor allele
frequency >1%) that, alone or in combination,
modulate the risk of the disease. Because complex
diseases do not follow a clear pattern of Mendelian
inheritance, the strategy used to identify themege

of predisposition is usually not based on family
studies but on a radically different approach chlle
“genetic association” analysis (6). Also, in thesea

of complex diseases such as myocardial infarction
(MI), linkage analysis is compounded by genetic
heterogeneity of this disease and many other
factors, including incomplete penetrance of disease
causing genes interaction with environmental
factors, the high prevalence of the disease-causing
allele in the population, and late onset of disease
(7). According to researches based on Meta-
analysis technique published on 2011, specific
genetic loci were introduced to be related with
cardiovascular disease and more specifically with
MI. Expression changes in some of them cause
increasing risk of Ml (8, 9).

Regarding these loci as important genetic
risk factors for the disease, endogenous micro
RNAs (miRNAs) can be considered as factors
involved in cardiac disease by their role in
regulating the genes expression.

Recently, the focus of interfering RNA
(RNAI) approaches has encompassed the use of
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synthetic sequences to mimic or silence endogenous
mMiRNAs that are abruptly dysregulated following
cardiovascular diseases. The implications of
miRNAs in the pathological process of the
cardiovascular system have recently been
recognized, and research on miRNAs in relation to
cardiovascular disease has now become a rapidly
evolving field (10).

Biology of miRNA

Epigenetic control mechanisms including
DNA methylation, histone modification, and non
coding RNAs as well as differential RNA splicing,
play a key role in the regulation of tissue
homeostasis and disease development and enable
the cell to respond quickly to environmental
changes (11, 12). Noncoding RNAs are functional
RNA molecules that belong to several groups and
are involved in many cellular processes. miRNAs
are a class of short, ~22-nucleotide, double strand
non-coding RNAs that are endogenously
transcribed and control gene expression by either
inducing mRNA degradation or blocking
translation. The first evidence that double strand
RNA (dsRNA) could achieve efficient gene
silencing through miRNAs came from the studies of
lineage mutant named lin-4, which affect
developmental timing in the nematode C. elegans in
1993 (13). Further analyses in Drosophila
melanogaster have contributed toward under-
standing the biochemical nature of the miRNA
pathway.

MiRNA genes are transcribed by RNA
polymerase Il to yield pre-miRNA transcripts that
are then processed by the nuclear enzymes Drosha
(14). The resulting 70 mer transcript is foldediat
stem loop structure that is then exported into the
cytoplasm by the shuttling factor Exportin 5 (15).

The cytoplasmic enzyme Dicer, a member of
the class Ill RNA endonuclease, is then required to
process pre-miRNAs into double-stranded mature
~19-25 nt, miRNA generating 2 nucleotide
overhangs at the 3’ termini. These miRNAse
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recognized and bound by a multi-protein complex
called the RNA-induced silencing complex (RISC)
(16).

Each miRNA duplex is formed by a guide
strand and a passenger strand. An enzyme within
the RISC, the endonuclease Argonaute 2 (Ago 2)
catalyzes the unwinding of the miRNA duplex.
Once unwound, the guide strand is incorporated
into the RISC, while the passenger strand is
released. RISC uses the guide strand to find the
mRNA that has a complementary sequence leading
to the endonucleolytic cleavage of the target
miRNA (17).
miRNAsin Cardiovascular Disease

Recent studies have shown that miRNAs
play an essential role in some biological processes
such as cell proliferation or cell differentiaticand
apoptosis. Also, they are associated with important
diseases including cancer and cardiovascular
diseases (18-20).

According to Sanger institute and miRNA
databases (21, 22) more than 1500 miRNAs have
been identified in humans, current databases report
1600 precursors and 2042 mature miR sequences
for humans (22). Among them, a subset of miRNAs
including miR-1, miR-133, miR-206 and miR-208
are muscle tissue-specific, and have been called
myomiRs (23-26).

Also, there are many miRNAs which
participate in cardiac related diseases and their
changes can be considered as a biomarker for the
disease. In this review, we summarize the role of
miRs in heart development and vascular system as
two main factors of birth defects and adult
morbidity and mortality (27-30).
miRNA and car diac development

Several accurate and complex interactions
among variants of cell types from several lineages,
cardiomyocytes, endocardial, epicardial and
vascular cells, fibroblasts and cells of the corduc
tion system, are required for heart formation. Many
specific miRNAs are enriched in different cardiac
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cell types and were reported to participate in the
specification of cell identity (31).

Some experiments with different approaches
demonstrated the role of miRNAs during vertebrate
development. One of these approaches and also the
first evidence for a regulation of endothelial cell
functions by miRs came from the studies in which
the first and second exons of the Dicer, miRNA
processing enzyme encoding gene, were deleted
using creatine kinase (Cre) recombinase expressed
under the control of endogenous Nkx2.5 (one of the
earliest cardiac markers, during mouse and human
embryonic stem cells differentiation) regulator
elements, which have been reported to lead to
embryonic lethality in mice at embryonic stage,
between days 12.5 and 14.5 of gestation (32, 33),
due to either a lossf pluripotent stem cells (34) or
disrupt angiogenesis in the embryo (33). Also, tadul
mice without Dicer genes in the myocardium has
been shown to have a high incidence of sudden
death, cardiac hypertrophy and reactivation of the
fetal cardiac gene program (35).

Moreover, blood vessel formation/maintenance in
embryos and yolk sacs was severely compromised
and the expression of VEGF, FLT1, KDR, and

TIE1 was altered in the mutant embryos indicating
an essential role of Dicer for embryonic blood

vessel development (11, 33).

Rao et al. used muscle creatine kinase
(MCK)-Cre mice system to perform studies on mice
with a muscle-specific deletion of the DiGeorge
syndrome critical region gene 8 (DGCRS8), which is
required for the production of all canonical miRs.
Since endogenous MCK expression reportedly
peaks around birth and declines to 40 % of peak
levels by day 10, and the phenotypic outcome was
similar to the cardiac-specific dicer deficient mic
it seems that miRNAs play an important role in
maintaining cardiac function in mature cardio-
myocytes (32).

Since there are different reports about the
role of miRNAs in adult heart, further studiase
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required in this filed.

Muscle-specific mirRNAs miR-1 and miR-
133, as conserved miRNAs which are derived from
common precursor, play their role during
development and in adults, and were among the
first miRs that had been identified as major
regulators of muscle lineage commitment and had
critical role in regulating muscle proliferation dan
differentiation (11).

Studies based on deep sequencing of a small
RNA library reported that miRNA (miR)-1 was
quite enriched and accounted for nearly 40% of all
known miRNAs in the adult heart (32). The miR-1
miRNA precursor is a small micro RNA that
regulates its target protein's expression in tHe ce
In humans, there are two distinct miRNAs that
share an identical mature sequence, these arel calle
miR-1-1 and miR-1-2 which target the same
sequences and it has also been shown that in miR-
1-2-deficient mice with miR-1-1 expression, there
are spectrum of abnormalities, including ventricula
septal defects in a subset that suffer early lgshal
cardiac rhythm disturbances in those that survive
(382) and functional defects in regulation of cacdia
morphogenesis, electrical conduction, and cell
cycle control (36). Studies showed that miR-1
regulates cardiac differentiation (36-39) and
controls heart development in mice by regulation of
the cardiac transcription factor Hand2 (32).

Also, miR-1 is downregulated in myocardial
infarcted tissue compared to healthy heart tissue
and Plasma levels of miR-1 can be used as a
sensitive biomarker for myocardial infarction (40).

Although miR-1 and miR-133 are co-
transcribed, their function appears clearly digtinc
miR-133a double mutant mice are normal, whereas,
the deletion of both miR-133a genes causes late
embryonic or neonatal lethality due to ventricular
septal defects in approximately half of the double-
mutant embryos or neonates and abnormalities in
cardiomyocyte proliferation (32, 41).

Caré et al, found that the expression of miR-
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133, which was transcribed together with miR-1 as
a bicistronic cluster, was decreased in the left
ventricle of the above mentioned three hypertrophic
models (42). Mice lacking either miR-133a-1 or
miR-133a-2 that survive to adult, suffer from
dilated cardiomyopathy and succumb to heart
failure.

These experiments prove the important role
of miRNAs for the development of the organ. The
heart as a particularly informative model for such
organ patterning, has numerous transcriptional
networks that establish chamber-specific gene
expression and function (32, 43).
mMiRNAsin Vascular system and angiogenesis

The vascular system is fundamental for
embryonic development and adult life, and aberrant
vascularization is associated with numerous
diseases, including cancer, atherosclerosis and
stroke. Vascular system needs the establishment
and remodeling of a contiguous series of lumenized
tubes made of endothelial cells for its formatiod a
function (31).

New studies indicated that miRNAs are
highly expressed in vasculature and are critical
modulators for vascular cell differentiation,
contraction, migration, apoptosis, and dysregutatio
of their expression can cause vessel diseases (44).

Recently, a few specific miRNAs that
regulate endothelial cell functions and angiogenesi
have been described (31) which are described.

One of the new studied miRNAs in this field
is miR-126 which is known as an angiogenesis
regulator in development and neoangiogenesis after
myocardial infarction and positively regulates
angiogenesis through multiple signaling pathways
(45). The endothelial-cell-specific miR-126 is
found on chromosome 9 within intron 7 of the
epidermal growth factor (EGF)-like-domain,
multiple 7 (EGFL7) genen the human genome.
EGFL7 is secreted by endothelium and regulates
angiogenesis and encodes an endothelial-cell-
enriched growth factor involved in the control of
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cell migration (46)Blood flow can induce miR-126

to stimulate vascular endothelial growth factor
signaling and controlling angiogenesis of aortic
arch vessels (47). miR-126 represses the actions of
the Sprouty-related protein, SPRED1, and phospho-
inositol-3 kinase regulatory subunit 2, both negati
regulators of VEGF signals. Lack of miR-126 in
mice cause leaky vessels and defects in angio-
genesis but does not cause mortality (48, 49).

Antisense-oligonucleotide-mediated knock-
down of miR-126 in zebrafish causes complete
embryonic lethality owing to the loss of vascular
integrity and hemorrhaging (50).

One other miRNA which plays a role in
angiogenesis is miR-21. PTEN and Bcl-2, two
important signal molecules associated with vascular
smooth muscle cells (VSMCs) growth and
apoptosis, are the targets of miR-21, through which
miR-21 exerts its function (51). Overexpression of
this miRNA induces high expression of HIF-1alpha
and VEGF, both of which promote angiogenesis.
Indeed, cells transfected with miR-21 induced more
branching of micro vessels in the Chick
Chorioallantoic Membrane (CAM) assay (52).

Apart from their role in angiogenesis and its
promotion, miRNAs have other roles in vascular
system. VSMCs are able to perform both contractile
and synthetic functions, which are associated with
changes in morphology, proliferation and migration
rates and are characterized by the specific
expression of different marker proteins. Several
mMiRNAs, including miR-143 and miR-145 have a
demonstrated role in VSMC differentiation (53).

miR-143 and miR-145 encoding genes are
highly conserved and lie in close proximity with
each other on human chromosome 5 (54, 55).
Studies based on northern blotting indicated that t
highly conserved miR-143/145 encoding genes are
expressed in various mouse tissues and specifically
in smooth muscle cells (SMCs) under the control of
serum response factor (SRF) and members of the
myocardin family of co-activators (31) and target
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several regulators of actin signalling, includingdR
GTPases, sling -shot homologue 2, adducin, cofilin
and actin itself (56). According to Elia et al. miR
143 has higher expression in heart than in other
organs and is expressed in lung, skeletal muscle,
heart, and skin and is most abundant in aorta and
fat, where miR-145 is also at its highest expressio
level (53, 57).

Creating genetic mutation in miR-143/145 in
vivo proved that these miRNAs are unessential for
smooth muscle specification, but they are required
for switching proliferative and contractile VSMC
phenotypes to each other. Experiments demons-
trated that because of their destabilizing effatt o
transcripts encoding the repressor of the conteacti
VSMC phenotype, including kif4, kIf5 and Ace, in
vivo, mice lacking miR-143/145 display reduced
arterial medial thickness, decreased vascular tone
and reduced systemic blood pressure during
homeostasis (58).

Also, Human Genome Wide Association
studies have identified SNPs in the miRNA
binding sites of several RAAS (renin-angiotensin
aldosterone system)-associated genes that correlate
with a dysregulation of blood pressure (58).
The renin-angiotensin aldosterone system is a
hormonal cascade that functions to control
arterial pressure, tissue perfusion, and extraegllu
volume (59).

Another mirRNA that we discuss in this
review is miR-451. Studies have demonstrated that
the highly conserved miR, miR-451, is expressed
extensively in endothelial and blood cell lineages
during embryogenesis and has distinct functions
during in vitro embryonic stem cell differentiation
by promoting the differentiation of endothelial and
blood cells while blocking the differentiation of
cardiomyocytes. This function is achieved at least
partially through the down regulation of target
Acvr2a and up regulation of Wnt signaling (60).
Pharmacological knockdown of miR-451, results in
reduced baseline hematocrit levels and impaired
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erythroid expansion in response to oxidative stress
(61-63).
miRNAs as therapeutic agents

There are some therapeutic structures and
drugs for curative and palliative therapy of the
disease, but to the aim of accessing reliable tyera
or to postpone the onset of disease, especially for
people with heritable coronary artery disease in
their pedigree. Genetic engineering technologies ar
making advances in the field by continually
identifying oligonucleotides with higher potencies,
particularly interfering RNA (miRNA); more
effective cellular targets, typically in signaling
pathways; and delivery approaches with the next
generation of drug platforms (64). The presence of
cell-free miRNAs has been detected in a range of
body fluids. The miRNA content of plasma/serum
in particular has been proposed as a potentiatsour
of novel biomarkers for a number of diseases (65).
So, there are many miRNAs which participate in
cardiac related diseases and also their changes can
be considered as a biomarker for the disease (27-
30). The use of miRNAs as biomarkers has greatly
increased as a result of the discovery that they ar
present in the circulating blood. A number of
groups have shown that miRNAs can be detected in
human serum or plasma, where they are thought to
be protected from degradation by being
encapsulated in microvesicles or exosomes and/or
are bound by RNA-binding proteins such as Ago2
and nucleophosmin (19, 30, 65). These findings can
be considered as new strategies for cardiovascular
disease therapies.

Conclusion

microRNAs are responsible for regulating
gene expression through translation inhibition or
transcriptional degradation. Several miRNAs have
been linked to cardiac hypertrophy, myocardial
infarction and atherosclerosis. Scientists are
now profiling circulating and disease-specific
microRNAs in an effort to identify pretie

Aghabozorg Afjeh SS et al.
biomarkers and understand disease processes.
Among these miRNAs, some of them were
recognized as the key elements in processing of
CAD such as miR-126, miR-21, miR-143 and miR-
145. Thus, the next researches should be focused on
the accuracy of the miRNAs as biomarker in CAD.
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1. Musunuru K, Kathiresan S. Genetics of coronariera
disease. Annu Rev Genomics Hum Genet 2010;11:91-108
2. Donyavi T, Naieni KH, Nedjat S, et al. Socioegmnic status
and mortality after acute myocardial infarction:seudy from
Iran. Int J Equity Health 2011;10:9.

3. Mitchell BD, Kammerer CM, Blangero J, et al. @8a and
environmental contributions to cardiovascular riskctors in
Mexican Americans. The San Antonio Family Heart d$gtu
Circulation 1996;94:2159-70.

4. Badaruddoza, Kaur P. Familial Aggregation ofd8ld®ressure
With Respect to Anthropometric Variables Among tlebana
(Nomadic Origin) Population in Punjab, India. Astac J Public
He 2012;24:104-16.

5. Harrap SB, Stebbing M, Hopper JL, et al. Famhg&tterns of
covariation for cardiovascular risk factors in ddul The
Victorian Family Heart Study. Am J Epidemiol 200821
704-15.

6. Cambien F, Tiret L. Genetics of cardiovasculaedses: from
single mutations to the whole genome. Circulation
2007;116:1714-24.

7. Winkelmann BR, Hager J. Genetic variation inocary heart
disease and myocardial infarction: methodologic@raiew and
clinical evidence. Pharmacogenomics 2000;1:73-94.

8. Reilly MP, Li MY, He J, et al. Identification &#DAMTS7 as
a novel locus for coronary atherosclerosis and caston of
ABO with myocardial infarction in the presence afranary
atherosclerosis: two genome-wide association studiancet
2011;377:383-92.

9. Girelli D, Martinelli N, Peyvandi F, et al. GereArchitecture
of Coronary Artery Disease in the Genome-Wide Era:
Implications for the Emerging "Golden Dozen" Lo&emin

Thromb Hemost 2009;35:671-82.

Int J Mol Cell Med Spring 2013; Vol 2 No 2 55


http://ijmcmed.org/article-1-76-en.html

[ Downloaded from ijmemed.org on 2026-06-19 |

The Role of MicroRNAs in Cardiovascular Disease

10. Sibley CR, Seow Y, Wood MJA. Novel RNA-based
Strategies for Therapeutic Gene Silencing. Mol Ther
2010;18:466-76.

11. Ohtani K, Dimmeler S. Control of cardiovascular
differentiation by microRNAs. Basic Res Cardiol 201
106: 5-11.

12. Ordovas JM, Smith CE. Epigenetics and cardimyas
disease. Nat Rev Cardiol 2010;7:510-9.

13. Seok HY, Wang DZ. The Emerging Role of MicroRi\N#s a
Therapeutic Target for Cardiovascular Disease. Bigsl
2010;24:147-55.

14. Seitz H, Zamore PD. Rethinking the microprooes€ell
2006;125:827-9.

15. Luhur A, Kumar JP. Advances in microRNA biolodyly
2008;2:123-4.

16. Wostenberg C, Lary JW, Sahu D, et al. The Rblduman
Dicer-dsRBD in Processing Small Regulatory RNA©sPOne
2012;7:€51829.

17. Satoh M, Chan JY, Ceribelli A, et al. Autoantiies to
Argonaute 2 (Su antigen). Adv Exp Med Biol 2013;46359.

18. Jayaswal V, Lutherborrow M, Yang YH. Measurds o
Association for Identifying MicroRNA-mRNA Pairs of
Biological Interest. Plos One 2012;7:€29612.

19. Jones ClI, Zabolotskaya MV, King AJ, et al. lifaration of
circulating microRNAs as diagnostic biomarkers fose in
multiple myeloma. Brit J Cancer 2012;107:1987-96.

20. Anand S. A brief primer on microRNAs and theiles in
angiogenesis. Vasc Cell 2013;5:2.

21. Sanger institute : http://www.sanger.ac.uk.

22. miRNA Database : http://www.mirbase.org.

23. Malizia AP, Wang DZ. MicroRNAs in cardiomyocyte
development. Wiley Interdiscip Rev Syst Biol Med12(B:
183-90.

24. Nielsen S, Scheele C, Yfanti C, et al. Musqgbectic
microRNAs are regulated by endurance exercise imamu
skeletal muscle. J Physiol 2010;588:4029-37.

25. Walden TB, Timmons JA, Keller P, et al. Distiegpression
of muscle-specific microRNAs (myomirs) in browmligocytes.

J Cell Physiol 2009;218:444-9.

26. Kozakowska M, Ciesla M, Stefanska A, et al. ldem
oxygenase-1 inhibits myoblast differentiation byrgeting

myomirs. Antioxid Redox Signal 2012;16:113-27.

56 IntJ Mol Cell Med Spring 2013; Vol 2 No 2

27. Dickinson BA, Semus HM, Montgomery RL, et alagPna
microRNAs serve as biomarkers of therapeutic efficand
disease progression in hypertension-induced heduré. Eur J
Heart Fail 2013;15:650-9.

28. Dorn GW, 2nd, Matkovich SJ, Eschenbacher WHaleA
human 3' miR-499 mutation alters cardiac mMRNA tangeand
function. Circ Res 2012;110:958-67.

29. Bauters C, Kumarswamy R, Holzmann A, et alc@ating
miR-133a and miR-423-5p fail as biomarkers for lefttricular
remodeling after myocardial infarction. Int J Catd2013 pii:
S0167-5273(12)01703-2.

30. Zhu C, Yu ZB, Zhu JG, et al. Differential Expsén Profile
of MicroRNAs during Differentiation of Cardiomyo®s
Exposed to Polychlorinated Biphenyls. Int J Mol Sci
2012;13:15955-66.

31. Small EM, Olson EN. Pervasive roles of microRNik
cardiovascular biology. Nature 2011;469:336-42.

32. Ono K, Kuwabara Y, Han JH. MicroRNAs and
cardiovascular diseases. Febs J 2011;278:1619-33.

33. Yang WJ, Yang DD, Na SQ, et al. Dicer is reggirfor
embryonic angiogenesis during mouse developmenBiol
Chem 2005;280:9330-5.

34. Bernstein E, Kim SY, Carmell MA, et al. Dicer éssential
for mouse development. Nat Genet 2003;35:215-7.

35. Martins PADC, Bourajjaj M, Gladka M, et al. Ghitonal
Dicer gene deletion in the postnatal myocardiumvekes
spontaneous cardiac remodeling. Circulation 20GB1867-76.
36. Zhao Y, Ransom JF, Li A, et al. Dysregulatioh o
cardiogenesis, cardiac conduction, and cell cyclaice lacking
miRNA-1-2. Cell 2007;129:303-17.

37. Zhao Y, Samal E, Srivastava D. Serum respoastorf
regulates a muscle-specific microRNA that targeasd2 during
cardiogenesis. Nature 2005;436:214-20.

38. Kwon C, Han Z, Olson EN, et al. MicroRNAL irdluces
cardiac differentiation in Drosophila and regulatestch
signaling. P Natl Acad Sci USA 2005;102:18986-91.

39. Niu Z, Li AK, Zhang SX, et al. Serum responsetér
micromanaging cardiogenesis. Curr Opin Cathl 007;19:
618-27.

40. miRNA Database http://www.mirbase.org/cgi-
bin/mirna_entry.pl?acc=MI0013455.

41. Liu N, Bezprozvannaya S, Williams AH, et alicroRNA-


http://ijmcmed.org/article-1-76-en.html

[ Downloaded from ijmemed.org on 2026-06-19 |

133a regulates cardiomyocyte proliferation and segges

smooth muscle gene expression in the heart. Gene De

2008;22:3242-54.

42. Care A, Catalucci D, Felicetti F, et al. MictdR-133
controls cardiac hypertrophy. Nat Med 2007;13:613-8

43. Srivastava D. Making or breaking the heart:niFimeage
determination to morphogenesis. Cell 2006;126:14037-

44. Qin SS, Zhang CX. MicroRNAs in Vascular Diseade
Cardiovasc Pharm 2011;57:8-12.

45. Wang S, Olson EN. AngiomiRs--key regulators of
angiogenesis. Curr Opin Genet Dev 2009;19:205-11.

46. Schmidt M, Paes K, De Maziere A, et al. EGFegulates
the collective migration of endothelial cells bystricting their
spatial distribution. Development 2007;134:2913-23.

47. Nicoli S, Standley C, Walker P, et al. MicroRM#ediated
integration of haemodynamics and Vegf signallingrirdy
angiogenesis. Nature 2010;464:1196-200.

48. Kuhnert F, Mancuso MR, Hampton J, et al. Atftibn of
vascular phenotypes of the murine Egfl7 locus &rtticroRNA
miR-126. Development 2008;135:3989-93.

49. Wang S, Aurora AB, Johnson BA, et al. The enel@l-
specific microRNA miR-126 governs vascular integrand
angiogenesis. Dev Cell 2008;15:261-71.

50. Fish JE, Santoro MM, Morton SU, et al. MiR-1I2gulates
angiogenic signaling and vascular integrity. Dev lICe
2008;15:272-84.

51. Ji RR, Cheng YH, Yue JM, et al. MicroRNA exsies
signature and antisense-mediated depletion reveatsaential
role of microRNA in vascular neointimal lesion fation. Circ
Res 2007;100:1579-88.

52. Liu LZ, Li C, Chen Q, et al. MiR-21 induced &wgenesis
through AKT and ERK activation and HIF-lalpha exsien.
Plos One 2011;6:€19139.

53. Rangrez AY, Massy ZA, Metzinger-Le Meuth VaétmiR-
143 and miR-145: molecular keys to switch the phgy® of
vascular smooth muscle cells. Ciardiovasc Genet
2011;4:197-205.

54. Boettger T, Beetz N, Kostin S, et atgAisition of the

Aghabozorg Afjeh SS et al.
contractile phenotype by murine arterial smooth cteusells
depends on the Mirl43/145 gene cluster. J Clin dnve
2009;119:2634-47.

55. Cordes KR, Sheehy NT, White MP, et al. miR-a48 miR-
143 regulate smooth muscle cell fate and plastidigpture
2009;460:705-10.

56. Xin M, Small EM, Sutherland LB, et al. MicroRNANIR-
143 and miR-145 modulate cytoskeletal dynamics and
responsiveness of smooth muscle cells to injuryneGBev
2009;23:2166-78.

57. Ella L, Quintavalle M, Zhang J, et al. The krmat of miR-
143 and-145 alters smooth muscle cell maintenandevascular
homeostasis in mice: correlates with human dise2sk.Death
Differ 2009;16:1590-8.

58. Quiat D, Olson EN. MicroRNAs in cardiovascuthsease:
from pathogenesis to prevention and treatment.id Bivest
2013;123:11-8.

59. Atlas SA. The renin-angiotensin aldosterone tesys
Pathophysiological role and pharmacologic inhibitid Manage
Care Pharm 2007;13:59-S20.

60. Tao Y. FUNCTION OF MIR-451 IN ANGIOGENESIS,
HEMATOPOIESIS AND CARDIOGENESIS. National Heart,
Lung, And Blood Institute 2010.

61. Rasmussen KD, Simmini S, Abreu-Goodger C, effhé
miR-144/451 locus is required for erythroid homae&. J Exp
Med 2010;207:1351-8.

62. Patrick DM, Zhang CC, Tao Y, et al. Defectivgtleroid
differentiation in miR-451 mutant mice mediated B43-3zeta.
Genes Dev 2010;24:1614-9.

63. Yu D, dos Santos CO, Zhao G, et al. miR-451lteots
against erythroid oxidant stress by repressing-B4e8a. Genes
Dev 2010;24:1620-33.

64. Monaghan M, Greiser U, Wall JG, et al. Intexfere: an
alteRNAtive therapy following acute myocardial irdton.
Trends Pharmacol Sci 2012;33:635-45.

65. Kirschner MB, Kao SC, Edelman JJ, et al. Hagsisl
during sample preparation alters microRNA contenplasma.

Plos One 2011;6:€24145.

Int J Mol Cell Med Spring 2013; Vol 2 No 2 57


http://ijmcmed.org/article-1-76-en.html
http://www.tcpdf.org

