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The regulator of calcineurin (RCAN1) an important factor involved in
atherosclerosis and cardiovascular diseases development
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Abstract

Atherosclerosis, one of the main causes of cardiovascular diseases, is a complex process that involves manifold factors. Besides the
vascular lipids accumulation, inflammatory factors could be considered as a proatherogenic factor - RCAN1. RCAN1 is a regulator of
calcineurin, both of them being calcium dependent proteins. Recent studies have shown that RCAN1 has an important role in heart
valve development. In the same time researchers found that, the atherosclerotic plaques have an up-regulated RCAN1 gene
expression. In the near future, it is desirable to elucidate the RCAN1 function and classify it as a possible biochemical marker to
diagnose infancy atherosclerosis.
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Abbreviations: RCAN1 = regulator of calcineurin, LDL = low density lipoproteins, HMG-CoA - 3 = hydroxy-3-methylglutary!
coenzyme A, VSMCs = vascular smooth muscle cells, PDGF = platelet-derived growth factor, FGF = fibroblast growth factor, EGF =
epidermal growth factor, IGF = insulin-like growth factor, VEGF = vascular endothelial growth factor, NFAT = nuclear factor of
activated T cells, IL-2, IL-6, IL-10, IL-12 = interleukin type 2, 6, 10, 12, AP-1 = activator protein 1, Mef-2 = myocyte enhancer factor-
2, GATA-4 = transcription factor, CK1 = casein kinase 1, GSK3 = glycogen synthase kinase 3, DYRK = dual specificity tyrosine
phosphorylation regulated kinase, DSCR1 = Down Syndrome Critical Region 1, MCIP1 = myocyte-enriched calcineurin-interacting
protein, MLP = muscle lim protein, cAMP = cyclic adenosine monophosphate, PC12 = pheochromocytoma, NMR = nuclear magnetic
resonance, SOD = superoxide dismutase, APP = amyloid precursor protein, eNOS = nitric oxide endothelial synthase, Cygb =

cytoglobin, HUVEC = human umbilical vein endothelial cells, VDR = vitamin D receptor

Introduction

Atherosclerosis is one of the most frequent
cardiovascular diseases and a significant cause of
mortality in the developed countries. Atherosclerosis is
defined as a group of heterogeneous combined changes
of inner vascular layer (intima). Proinflammatory
biomarkers, shear stress and apolipoprotein B
subendothelial accumulation in the artery wall have a
significant contribution to atherosclerosis development [1-
3]. Among these factors, cholesterol plays a major role in
atherosclerosis [4].

The cholesterol and fatty acid burden to the
atherosclerotic plaques, contribute to the formation and
rupture of these plaques. These lipids are carried out by
lipoproteins, which are the major lipid transports. One of
the best-known lipoproteins are low-density lipoproteins
(LDL) not only because of their receptors’ importance but
also because of the inhibitors of HMG-CoA (3-hydroxy-3-
methylglutaryl coenzyme A) reductase which up-regulates
the LDL receptors. The statins (HMG-CoA reductase
inhibitors) lower the blood cholesterol level and this effect
reduces the cardiovascular events with about 30% [5].

The artery wall cells secrete different oxidative
agents that can oxidize the LDL in the subendothelial
space [6]. The oxidation of LDL contributes to the initiation
of atherosclerotic lesions. In this process, the free
polyunsaturated fatty acids or those esterified are
breakdown resulting fatty-acid hydroperoxides which are
highly reactive products [7]. The arterial wall diameter
could be modified due to shear stress, several
inflammatory factors or changes in the ordered structure
of the artery wall. Formed by intima, media and adventitia,
the artery wall is continuously exposed to remodeling.
Within the adventitia, a network of connective tissue,
fibroblasts, nerve endings and leukocytes are found. The
media is the main arterial wall structural layer through to
its content- the vascular smooth muscle cells (VSMCs).
VSMCs help in maintaining the vascular integrity and they
are able to respond to several growth factors. In the
vascular wall remodeling, resident medial VSMCs migrate
toward specific chemoattractants released by platelets,
endothelial cells, macrophages in the damaged vessel,



frequently in atherosclerosis, hypertension, restenosis
and aneurysm [8-10].

Besides all these, cardiac hypertrophy is also
recognized in many cardiovascular diseases. The cardiac
hypertrophy is induced by manifold factors such as
catecholamines, cytokines, growth factors (PDGF, FGF,
EGF, IGF, VEGF), which induce a high protein synthesis
[11,12].

Many types of cells will increase their Ca?*
cytosolic level at a signal of growth or stress stimuli. Caz*
is one of the most important second messengers involved
in various signaling of the cellular pathways, including
survival and cell growth [11]. Ca regulates a large variety
of cellular processes. There are many molecular
components in the Ca?* signaling network, including a
high great family of Ca?-dependent proteins, such as a
calmodulin-activated  protein  phosphatase  named
calcineurin [13,14].

Calcineurin

Calcineurin definition and function

Calcineurin, a serine/ threonine phosphatase is a
calcium dependent protein which dephosphorylates one
of its important substrates, namely NFAT (nuclear factor
of activated T cells), by activating it. Dephosphorylated
NFAT translocates into the nucleus where mediates the
transcription of specific genes involved in cardiac
hypertrophy development or interacts with interleukin 2
gene [15-18)]. Calcineurin plays a key role in regulating
the cardiomyocyte ion channels and receptors for specific
target proteins, being also important in pathological
remodeling and regulating hypertrophy, cardiac
development [19].

Calcineurin sources

Calcineurin is found in different mammals tissues
like brain, adipose tissue, adrenal cells, heart,
osteoclasts, kidney, liver, T-lymphocytes, lung, pancreas,
placenta, platelets, eye, skeletal and smooth muscles,
thymus, thyroid, testis, sperm [20,21].

Calcineurin structure

Regarding the calcineurin structure, this protein
has two subunits: subunit A, which contains a Fe?* ion
and a Zn?* ion and subunit B. Calcineurin subunit A is
supposed to be the catalytic site, subunit B being involved
in the regulatory mechanism of enzyme and calcium-
binding protein calmodulin [15-17].

Two of the calcineurin isoforms, calcineurin
CnAa and CnAp are located in the skeletal muscle where
they are involved in myoblast recruitment, myotube
differentiation, an important role being in muscle injury
recovery and dystrophic muscle damage [22].

NFAT-the substrate of calcineurin

Activated NFAT regulates the expression of
immunomodulatory cytokine in immune cells. NFAT has a
critical role in lymphocyte development where it induces
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I-2 transcription. NFAT has different functions in innate
cells such as regulation of IL-6, 1-10, 1l-12, TNF-a
expression in macrophages, degranulation and apoptosis
in eosinophils, regulation of osteoclastogenesis. NFAT
also controls gene transcriptions along with other factors
like AP-1, Mef-2, GATA-4 [23].

The phosphorylation and nuclear expulsion of
NFAT are mediated by several kinases like casein kinase
(CK)1, glycogen synthase kinase (GSK)3 and DYRK (dual
specificity tyrosine phosphorylation regulated kinase) [24].

Calcineurin regulation

The activity of calcineurin is negatively regulated
by immunosuppressives (tacrolimus  pimecrolimus,
rapamycin and cyclosporine) which block NFAT
translocation and inhibit T-cell cytokines production, limits
the 1I-2 release, effects that would make the organism
more sensitive to the viral infections [25,26].

One of the most important inhibitor of calcineurin
is the regulator of calcineurin (RCAN1). RCAN1 has
appeared under many others names: DSCR1- Down
Syndrome Critical Region1, Adapt78, MCIP1-myocyte-
enriched calcineurin-interacting  protein, calcipressin
[27,28].
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Fig. 1 The calcineurin-NFAT pathway. The hormone
(H) binds to a Gg transmembrane protein-coupled
receptor and activates the phospholipase C (PLC).
The phosphatidylinositol-4,5-bisphosphate (PIP2) will
be split into two lipids, one of them is a hydrosoluble-
phosphoinositol triphosphate (Pls) and the other is a
liposoluble- diacylglycerol (DAG). The PI3 pulls off the
calcium from the endoplasmic reticulum. Calcium is an
important ion to activate calmodulin, the B site of
calcineurin. Only in the presence of calcium,
calcineurin is active and could dephosphorylate its
substrate - nuclear factor of T active cells (NFAT).
Dephosphorylated NFAT is active and goes to DNA
chromatin where it starts the cytokines transcription.
Calcineurin activity is negative regulated by RCAN1
(the regulator of calcineurin) and
immunosuppressants. NFAT is inactivated by several
kinases -CK1, GSK3, DYRK. Inhibition of calcineurin-
NFAT pathway will decrease T-cell cytokines
production and limit the interleukins release



Calcineurin contribution in heart failure

Calcineurin may play a possible protective
endogenous myocardial function. Studies realized in MLP
(muscle lim protein) knockout mouse model have
demonstrated it. In the same experiment, calcineurin
appears to improve function and adverse remodeling in
this mice model [29]. The components and signal
pathways mediated by calcineurin have an important role
in the heart remodeling, progression of heart failure and
cardiomyocyte hypertrophy.

Studies done in mice showed that the inhibition
of the calcineurin pathway delays the progression to
pathological heart failure. Moreover, the calcineurin
activity is increased in rats after wheel running training
(30].

Chung et al. tried to prove that calcineurin is
required in pregnancy-induced cardiac hypertrophy by
using neonatal rat ventricular myocytes which were
subjected to a high progesterone concentration imitating
the progesterone pregnant mice level [31]. Other
researchers have demonstrated that calcineurin activity in
heart could be increased by aldosterone used to treat
rats. Summarily, this fact contributes to fibrosis and
cardiac hypertrophy [32].

The RCAN family

RCAN a general view

The RCANs are a family of small evolutionarily
conserved proteins that can directly bind and inhibit
calcineurin. The RCAN1 gene lies on chromosome 21
and is supposed to encode an inhibitor of VEGF (vascular
endothelial growth factor) calcineurin signaling in
endothelial cells [33].

RCAN genes

The RCAN gene encodes different isoforms of
protein: RCAN1, RCAN2, RCAN3 and RCAN4. RCAN1
and RCAN4 are the main isoforms [34-36]. According to
some studies, it appears that RCAN1 has two RCAN1
isoforms. 1S with 197 aa and RCAN. 1L with 252 aa [37].

RCAN1 gene contains 7 exons and is generally
expressed in brain tissue, skeletal and cardiac muscle
[36,38]. Several studies showed that RCAN1 gene
expression is elevated in brains of Alzheimer patients and
Down Syndrome fetuses. Moreover, a reduced RCAN1
expression in Huntington disease has been described
[39].

RCANT1 regulation

RCAN1 is phosphorylated by protein kinase A
and it is supposed to increase the RCAN1 gene
expression followed by the half-life protein growth. To
activate protein kinase A it is necessary to activate the
adenylate cyclase that will lead to a cAMP high
concentration. Some studies showed that forskolin
activates adenylate cyclase which helps in raising the
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RCAN1 stability through the cAMP increased synthesis
and the activation of protein kinase A in PC 12 model
cells [40].

An abnormal regulation of RCAN1 gene
expression has been associated with cardiac valve
development and cardiac hypertrophy, angiogenesis,
tumorigenesis and immune system development, and is
involved in learning and memory [37].

The RCANSs inhibitory actions on calcineurin
were evidenced by Martinez et al. by using a combination
of photoaffinity cross-linking, crystallographic, and nuclear
magnetic resonance (NMR) analyses. They showed that
this action could be mediated by extreme C-terminal
region. Their results concise that RCANs have 2 various
activities, one of them being that RCANs have calcineurin
inhibitor catalytic activity and the other one being that they
block the binding and subsequent dephosphorylation of
NFAT which interacts with calcineurin via a functional
docking site [41].

Regarding DSCR1 or RCAN1, their synthesis
may be induced by A23187 calcium ionophore, hydrogen
peroxide, peroxynitrite, 2-deoxyglucose, brefeldin A,
tunicamycin, cyclopiazonic acid or thapsigargin both in
human and mice cells [42,43].

Holmes et al. demonstrated that recombinant
human VEGF-A regulates the RCAN1 expression by
stimulating the calcium calcineurin dependent pathway
conducting to the activation of the NFAT factor [44].

However, RCAN1 appears to inhibit VEGF-
mediated effects in primary human endothelial cells. On
the other hand, the RCAN1 expression could be induced
by thrombin. Concerning these two aspects, RCAN1
evaluation may be used in endothelial cell proliferation,
tumor angiogenesis and disease states vasculopathic
development [45].

RCAN1 in Down Syndrome

In Down Syndrome patients, even in Alzheimer
disease, an increased RCAN1 gene expression may be
associated with atherosclerosis, aging, stroke, diabetes
[46]. Down Syndrome patients are known to present
congenital cardiac abnormalities, besides mental
retardation, respiratory, gastrointestinal and renal tract
defects [47,48].

All of these Down Syndrome pathologies are due
to an overexpression of several 21 chromosome genes
responsible with the synthesis of the following proteins:
Cu/Zn superoxide dismutase (SOD1), amyloid precursor
protein (APP), Ets-2 transcription factors, Down
Syndrome Critical Region 1 (DSCR1) and others [49].

A high oxidative stress activates the RCAN1-
calcineurin-SOD pathway by an unknown mechanism and
paradoxically Down Syndrome subjects could have less
cardiovascular risk factors relative to cytogenetically
normal individuals [50]. An exacerbated RCAN1 has been
found to reduce cancer risk in Down Syndrome individuals
[51].



RCAN1 has a main role in cardiovascular system and
disease evolution

It is desirable to elucidate the RCAN1 function
and associate it to cardiovascular diseases in the near
future. Studies done in knockout mice and macrophages
demonstrate the RCAN1 role in the atherosclerosis
evolution and results showed that the atherosclerotic
plagues have an up-regulate RCAN1 gene expression,
meaning that RCAN1 may be considered a
proatherogenic factor [2]. About the evolution of the
cardiovascular disease, is important to target several
factors involved in this process. Few relations between
RCAN and the influence of glucocorticoids, vascular
endothelium elements, hypoxia, and cardiac hypertrophy
are exposed in the following paragraphs.

RCAN1 and glucocorticoids

Glucocorticoids seem to have an apoptotic effect
under lymphoid cells. The activated calcineurin is
supposed to protect the T cells from the apoptotic
glucocorticoid induced effect. Studies done in Nalm-6
cells showed that a break-up of RCAN1 functions can
inhibit the loss of mitochondrial membrane potential. This
effect is mediated by glucocorticoids. Also, RCAN1 seems
to play a key role in glucocorticoids induced apoptosis
where RCAN1 transcription is mainly regulated by these
hormones [52,53].

In  transgenic mice, the glucocorticoids
(corticosterone) level is decreased, a fact that reduces the
anxiety. It seems that corticosterone synthesis is
controlled by RCAN1 and an absence of this protein will
significantly influence the circadian activity [54].

RCAN1 and endothelial system

The relation between RCAN1 and the vascular
endothelium was displayed by researches, which was
realized in RCAN1 knockout mice and cultured
endothelial cells, in which it was demonstrated that
RCAN1 down-regulates the nitric oxide endothelial
synthase (eNOS) activity. Calcineurin seems to
dephosphorylate eNOS, by activating it. In conclusion, an
elevated RCAN1 level will be able to indirectly inhibit
eNOS and the nitric oxide concentration will be
decreased, a fact which may augment the mesenteric
vasoconstriction [55].

On the one hand, the hypoxic conditions will up-
requlate the calcineurin activity. This fact induces
cytoglobin expression. Cytoglobin (Cygb), a stress-
responsive hemoprotein, has a main role in nitric oxide
and free radicals transports. Among this gases, Cygb-a
myoglobin homologous, can also bind oxygen. The
cytoprotective role of cytoglobin decreases when Cygb
gene expression is blunted. As an inhibitor of calcineurin,
RCAN1 will indirectly decrease the cytoprotective role of
cytoglobin in myocytes, in both normoxia and hypoxia
situations [56].
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Fig. 2 RCAN1 decreases nitric oxide endothelial level.
Calcineurin is an important up-regulator of nitric oxide
endothelial synthase (eNOS). Activated eNOS will ensure a
high NO concentration. NO is carried to tissues by
cytoglobin (Cygb). When RCAN1 inhibits calcineurin, eNOS
will also be inhibited. Consequently, NO production is
lowered, a process which leads to vasoconstriction

Studies done in HUVEC (Human umbilical vein
endothelial cells) showed that calcineurin/ NFAT pathway
inhibition by RCAN1 would affect the endothelial cell
function because of the preventive activation of the
regular VEGF transcriptional program. An abnormal
RCAN1 expression in angiosarcoma tumors could be
considered as having a tumorigenic potential in the
development of this type of sarcomas [57]. An up-
regulation of RCAN1 gene in endothelium is a result of a
thrombin and VEGF activation which can occur in
vascular diseases such as atherosclerosis, tumor growth
and inflammation [58].

RCANT has an important role in heart valve development

Experiments realized on transgenic mice
(DSCR1-lacZ Mice) demonstrated that
RCAN1 has an important role in heart valve development.
RCAN1 expression is induced by excessive NFAT and
may supply a negative feedback loop to maintain
endothelium homeostasis. In contrast, the loss of RCAN1
gene facilitates a normal cardiac morphogenesis with no
evident severe defects in mice lacking DSCR1, which
raised adulthood [59].

A cardiac hypertrophy reduction in MCIP1

knockout mice was detected. This hypertrophy
modification appears to be induced by hypertension,
neuroendocrine  stimulation and  exercise.  The

cardiomyocytes that were treated with calcitriol are able to
have a reduced RCAN1T mRNA and protein levels.
Enabling vitamin D action in VDR (vitamin D receptor)
gene-deleted mice may lead to an increased RCANT1
gene expression and these mice models may display
cardiac hypertrophy [60].

Discussions

Atherosclerosis, one of the main causes of
cardiovascular diseases, is a complex process that
involves manifold factors like: hemodynamic forces,



platelets ~ aggregation,  endothelial  dysfunction,
hypertension, oxidative stress induced by angiotensin I,
oxidized lipids [61,62].

Several biochemical parameters, which can help
the physicians establish the presumptive diagnosis, are
included in the atherosclerosis panel. Recent studies
showed that RCAN1 could be considered a
proatherogenic factor and its elucidation may contribute to
the diagnosis of infancy atherosclerosis [2].

Nowadays, more and more physicians try to
adjust the diet of atherosclerotic patients or to control the
disease progression by drugs administration. Public
researches showed that a strict green and vyellow
vegetable diet in mice could lower atherosclerosis with
almost 38% [63]. In atherosclerosis, it seems that it is not
only necessary to adjust the diet and administrate statins
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or beta blockers but also to clarify the proatherogenic
factors and control them.

The inhibition of RCAN1-calcineurin-NFAT
pathway by immunosuppressant drugs could lower the
atherosclerosis development and maintain the arterial wall
integrity [64].

This review tried to explain a possible relation
between cardiovascular disease evolution in mammals
and the calcium dependent proteins such as RCAN1. In
conclusion, RCAN1 is a potential proatherogenic factor,
and its regulation may contribute to the prophylaxis of
different arterial diseases.

Acknowledgement:

Ms. Elena Torac was supported by the doctoral program
POSDRU/159/1.5/S/137390, from the European Social
Fund

Koenig W, Khuseyinova N. Biomarkers
of atherosclerotic plaque instability and

2011;208(10):2125-39.
doi:10.1084/jem.20110503.

18.

Satonaka H, Suzuki E, Nishimatsu H et
al. Calcineurin promotes the expression

rupture. Arterioscler Thromb Vasc Biol. 10. Heeneman S, Sluimer JC, Daemen MJ of monocyte chemoattractant protein-1 in
2007;27(1):15-26. a P. Angiotensin-converting enzyme and vascular myocytes and mediates vascular
doi:10.1161/01.ATV.0000251503.35795.4 vascular ~ remodeling.  Circ  Res. inflammation. Circ Res. 2004;94(5):693-
f. 2007;101(5):441-54. 700.

Méndez-Barbero N, Esteban V, Villahoz doi:10.1161/CIRCRESAHA.107.148338. doi:10.1161/01.RES.0000118250.67032.5
S, et al. A major role for RCAN1 in 11. Zou Y, Hiroi Y, Uozumi H et al E.

atherosclerosis progression. EMBO Mol Calcineurin Plays a Critical Role in the 19. Wang Y, Tandan S, Hill JA. Calcineurin-
Med. 2013;5(12):1901-17. Development of Pressure Overload- dependent ion channel regulation in heart.
doi:10.1002/emmm.201302842. Induced Cardiac Hypertrophy. Circulation. Trends Cardiovasc Med. 2014;24(1):14-
Horejsi B, Ceska R. Apolipoproteins and 2001;104(1):97-101. 22. doi:10.1016/j.tcm.2013.05.004.
Atherosclerosis. Apolipoprotein E and doi:10.1161/01.CIR.104.1.97. 20. Rusnak F, Mertz P. Calcineurin: form and
Apolipoprotein(a) as Canditate Genes of 12. Loftus I, Thompson M. Plaque Biology: function. Physiol Rev. 2000;80(4):1483-
Premature Development of Interesting Science or Pharmacological 521. Available at:
Atherosclerosis. Physiol Res. Treasure Trove?. Eur J Vasc Endovasc http:/ww.ncbi.nlm.nih.gov/pubmed/1101
2000;49(Suppl 1):S63-S69. Surg. 2008;36(5):507-516. 5619.

Lighezan D, Vinereanu D. Progrese in doi:10.1016/}.ejvs.2008.06.002. 21. Lakshmikuttyamma A, Selvakumar P,
cardilogie. Evol placii aterom factori 13. Di Sole F, Vadnagara K, Moe OW, Sharma RK. Interaction between heat
progresie  si  Stab.  2009;87-99. Babich V. Calcineurin  homologous shock protein 70 kDa and calcineurin in
doi:10.1016/B978-0-12-404599-6.00006- protein: a multifunctional Ca2+-binding cardiovascular systems (Review). Int J
8. protein family. Am J Physiol Renal Mol Med. 2006;17(3):419-23. Available at:
Tomkin GH, Owens D. LDL as a Cause Physiol. 2012;303(2):F165-79. http://www.ncbi.nlm.nih.gov/pubmed/1646
of Atherosclerosis. 2012;13-21. doi:10.1152/ajprenal.00628.2011. 5387.

Berliner JA, Navab M, Fogelman AM et 14. Kingsbury TJ, Cunningham KW. A 22. Hudson MB, Price SR. Calcineurin: a
al. Atherosclerosis: Basic Mechanisms: conserved family of calcineurin regulators poorly understood regulator of muscle
Oxidation, Inflammation, and Genetics. A conserved family of calcineurin mass. Int J Biochem Cell Biol.
Circulation. 1995;91(9):2488-2496. regulators. 2000:1595-1604. 2013;45(10):2173-8.
doi:10.1161/01.CIR.91.9.2488. doi:10.1101/gad.14.13.1595. doi:10.1016/j.biocel.2013.06.029.
Kobayashi K, Kishi M, Atsumi T et al. 15. Musson RE a, Cobbaert CM, Smit NPM. 23. Rinne A, Banach K, and LAB.
Circulating oxidized LDL forms complexes Molecular diagnostics of calcineurin- Regulation of Nuclear Factor of Activated
with beta2-glycoprotein I: implication as related  pathologies.  Clin ~ Chem. T Cells (NFAT) in Vascular Endothelial
an atherogenic autoantigen. J Lipid Res. 2012;58(3):511-22. Cells. J Mol Cell Cardiol. 2009;47(3):400-
2003;44(4):716-26. doi:10.1373/clinchem.2011.167296. 410. doi:10.1016/j.yjmcc.2009.06.010.
doi:10.1194/jlr. M200329-JLR200. 16. Schulz R a, Yutzey KE. Calcineurin 24. Li H, Rao A, Hogan PG. Interaction of
Berk BC. Vascular Smooth Muscle signaling and NFAT activation in calcineurin with substrates and targeting
Growth: Autocrine Growth Mechanisms. cardiovascular and skeletal muscle proteins. Trends Cell Biol. 2011;21(2):91-
Physiol Rev. 2001;81:999-1030. development. Dev Biol. 2004;266(1):1-16. 103. doi:10.1016/j.tcb.2010.09.011.
Esteban V, Méndez-Barbero N, doi:10.1016/j.ydbio.2003.10.008. 25. Margassery LM, Kennedy J, O’'Gara F,
Jiménez-Borreguero LJ et al. Regulator 17. Zhang W. Old and new tools to dissect Dobson AD, Morrissey JP. A high-

of calcineurin 1 mediates pathological
vascular wall remodeling. J Exp Med.

calcineurin’s role in pressure-overload
cardiac hypertrophy. 2002;53:294-303.

485

throughput screen to identify novel
calcineurin inhibitors. J  Microbiol



26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

Methods. 2012;88(1):63-6.
doi:10.1016/j.mimet.2011.10.012.

Al Johani K a, Hegarty AM, Porter SR,
Fedele S. Calcineurin inhibitors in oral
medicine. J Am Acad Dermatol.
2009;61(5):829-40.
doi:10.1016/j.jaad.2009.03.012.

Davies KJ a, Ermak G, Rothermel B a
et al. Renaming the DSCR1/Adapt78
gene family as RCAN: regulators of
calcineurin. FASEB J. 2007;21(12):3023-
8. doi:10.1096/fj.06-7246com.

Chan B, Greenan G, McKeon F,
Ellenberger T. Identification of a peptide
fragment of DSCR1 that competitively
inhibits calcineurin activity in vitro and in
vivo. Proc Natl Acad Sci U S A.
2005;102(37):13075-80.
doi:10.1073/pnas.0503846102.

Heineke J, Wollert KC, Osinska H et al.
Calcineurin protects the heart in a murine
model of dilated cardiomyopathy. J Mol
Cell Cardiol. 2010;48(6):1080-7.
doi:10.1016/j.yjmcc.2009.10.012.
Polovkova OG, Makeeva OA, Lezhnev
AA et al. Expression profiles of
calcineurin pathway genes in myocardium
in relation to ischemic heart remodeling in
humans. Mol Biol. 2013;47(3):382-388.
Chung E, Yeung F, Leinwand L a.
Calcineurin activity is required for cardiac
remodelling in pregnancy. Cardiovasc
Res. 2013;100(3):402-10.
doi:10.1093/cvr/cvt208.

Takeda Y. Calcineurin  Inhibition
Attenuates Mineralocorticoid-Induced
Cardiac Hypertrophy. Circulation.
2002;105(6):677-679.
doi:10.1161/hc0602.104675.

Baek K, Zaslavsky A, Lynch RC et al.
Down syndrome suppression of tumor
growth and the role of the calcineurin
inhibitor DSCR1. Nature.
2009;459(7250):1126-1130.
doi:10.1038/nature08062.

Hoeffer C a, Dey A, Sachan N et al. The
Down syndrome critical region protein
RCAN1 regulates long-term potentiation
and memory via inhibition of phosphatase
signaling. J Neurosci. 2007;27(48):13161-
72. doi:10.1523/JNEUROSCI.3974-
07.2007.

Lee JE, Jang H, Cho EJ, Youn HD.
Down syndrome critical region 1
enhances the proteolytic cleavage of
calcineurin. Exp Mol Med.
2009;41(7):471-7.
doi:10.3858/emm.2009.41.7.052.

Porta S, Serra S a, Huch M et al. RCAN1
(DSCR1) increases neuronal susceptibility
to oxidative stress: a potential pathogenic
process in neurodegeneration. Hum Mol
Genet. 2007;16(9):1039-50.
doi:10.1093/hmg/ddm049.

Wu Y, Song W. Regulation of RCAN1
translation and its role in oxidative stress-

induced apoptosis. FASEB  J.
2013;27(1):208-21. doi:10.1096/fj.12-
213124,

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

Journal of Medicine and Life Vol. 7, Issue 4, October-December 2014

Mitchell AN, Jayakumar L, Koleilat | et 50. Chavez CJ, Ortega P, D’Escrivan a.,

al. Brain expression of the calcineurin
inhibitor RCAN1 (Adapt78). Arch Biochem
Biophys. 2007;467(2):185-92.
doi:10.1016/j.abb.2007.08.030.

Sobrado M, Ramirez BG, Neria F et al.
Regulator of calcineurin 1 (Rcan1) has a

protective role in brain
ischemia/reperfusion injury. J
Neuroinflammation. 2012;9(1):48.

doi:10.1186/1742-2094-9-48.
Kim SS, Oh Y, Chung KC, Seo SR.
Protein kinase A phosphorylates Down

syndrome critical region 1 (RCAN1).
Biochem  Biophys ~ Res  Commun.
2012;418(4):657-61.

doi:10.1016/j.bbrc.2012.01.071.
Martinez-Martinez S, Genesca L,
Rodriguez A et al. The RCAN carboxyl
end mediates calcineurin  docking-
dependent inhibiton via a site that
dictates binding to substrates and
regulators. Proc Natl Acad Sci U S A.
2009;106(15):6117-22.
doi:10.1073/pnas.0812544106.
Kluetzman KS, Perez AV, Crawford DR.
DSCR1 (ADAPTT78) lethality: evidence for
a protective effect of trisomy 21 genes?.
Biochem  Biophys Res  Commun.
2005;337(2):595-601.
doi:10.1016/j.bbrc.2005.09.069.
Michtalik HJ, Narayan AV, Bhatt N et al.
Multiple  oxidative  stress-response
members of the Adapt78 family. Free
Radic Biol Med. 2004;37(4):454-62.
doi:10.1016/j.freeradbiomed.2004.05.014.
Holmes K, Chapman E, See V, Cross
MJ. VEGF stimulates RCAN1.4
expression in endothelial cells via a
pathway requiring Ca2+/calcineurin and
protein kinase C-delta. PLoS One.
2010;5(7):e11435.
doi:10.1371/journal.pone.0011435.
Minami T, Horiuchi K, Miura M et al.
Vascular endothelial growth factor- and
thrombin-induced  termination  factor,
Down syndrome critical  region-1,
attenuates endothelial cell proliferation
and angiogenesis. J Biol Chem.
2004;279(48):50537-54.
doi:10.1074/jbc.M406454200.

Sun X, Wu Y, Chen B et al. Regulator of
calcineurin 1 (RCAN1) facilitates neuronal
apoptosis through caspase-3 activation. J
Biol  Chem.  2011;286(11):9049-62.
doi:10.1074/jbc.M110.177519.
Kupferman JC, Druschel CM, Kupchik
GS. Increased prevalence of renal and
urinary tract anomalies in children with
Down syndrome. Pediatrics.
2009;124(4):e615-21.
doi:10.1542/peds.2009-0181.

Ram G, Chinen J. Infections and
immunodeficiency in Down syndrome.
Clin  Exp Immunol. 2011;164(1):9-16.
doi:10.1111/j.1365-2249.2011.04335.x.
Lott IT. Antioxidants in Down syndrome.
Biochim Biophys Acta. 2012;1822(5):657-
63. doi:10.1016/j.bbadis.2011.12.010.

486

51.

52,

53.

54,

55.

56.

57.

58.

59.

60.

Miranda LE, Leal MJY, Delgado C. Body
mass index changes and lipid
peroxidation in adults with Down’s
syndrome. Int Med Rev Down Syndr.
2012;16(2):19-25.  doi:10.1016/S2171-
9748(12)70021-1.

Liu F, Liang Z, Wegiel J, Hwang YW,
Igbal K, Gong IG-INRC-X.
Overexpression of Dyrk1A contributes to
neurofibrillary ~ degeneration in  Down
syndrome. FASEB J. 2008;3224-3233.
Nagao K, Iwai Y, Miyashita T. RCAN1 is
an important mediator of glucocorticoid-
induced apoptosis in human leukemic
cells. PLoS One. 2012;7(11):e49926.
doi:10.1371/journal.pone.0049926.
Serrano-Candelas E, Farré D,
Aranguren-lbafiez A, Martinez-Hayer S,
Pérez-Riba M. The vertebrate RCAN
gene family: novel insights into evolution,
structure and regulation. PLoS One.
2014;9(1):e85539.
doi:10.1371/journal.pone.0085539.
Rakowski-Anderson T, Wong H,
Rothermel B et al. Fecal corticosterone
levels in RCAN1 mutant mice. Comp Med.
2012;62(2):87-94. Available at:
http://www.pubmedcentral.nih.gov/articler
ender.fcgi?artid=3318244&tool=pmcentre
z&rendertype=abstract.

Riper D Van, Jayakumar L, Latchana N
et al. Regulation of vascular function by
RCAN1  (ADAPT78). Arch Biochem
Biophys. 2008;472(1):43-50.
doi:10.1016/j.abb.2008.01.029.

Singh S, Manda SM, Sikder D et al.
Calcineurin activates cytoglobin
transcription in hypoxic myocytes. J Biol
Chem. 2009;284(16):10409-21.
doi:10.1074/jbc.M809572200.

Gollogly LK, Ryeom SW, Yoon SS.
Down syndrome candidate region 1-like 1
(DSCR1-L1) mimics the inhibitory effects
of DSCR1 on calcineurin signaling in
endothelial cells and inhibits
angiogenesis. J Surg Res.
2007;142(1):129-36.
doi:10.1016/j.js5.2006.10.011.

Minami T, Miura M, Aird WC, Kodama
T. Thrombin-induced autoinhibitory factor,
Down syndrome critical  region-1,
attenuates NFAT-dependent vascular cell
adhesion molecule-1 expression and
inflammation in the endothelium. J Biol
Chem. 2006;281(29):20503-20.
doi:10.1074/jbc.M513112200.

Wu H, Kao S, Barrientos T et al. Down
syndrome  critical region-1 is a
transcriptional target of nuclear factor of
activated T cells-c1  within the
endocardium during heart development. J
Biol ~ Chem.  2007;282(42):30673-9.
doi:10.1074/jbc.M703622200.

Chen S, Law CS, Grigsby CL et al.
Cardiomyocyte-specific deletion of the
vitamin D receptor gene results in cardiac
hypertrophy. Circulation.
2011;124(17):1838-47.



61.

doi:10.1161/CIRCULATIONAHA.111.032  62.

680.

Sun P, Dwyer KM, Merz CN et al. Blood
pressure, LDL cholesterol, and intima-
media thickness: a test of the “response
to injury” hypothesis of atherosclerosis.
Arterioscler ~ Thromb Vasc  Biol.
2000;20(8):2005-2010.
doi:10.1161/01.ATV.20.8.2005.

63.

Journal of Medicine and Life Vol. 7, Issue 4, October-December 2014

Schiffrin E. Beyond blood pressure: the 64. Kockx M, Jessup W, Kritharides L.

endothelium and atherosclerosis
progression. Am J Hypertens. 2002;15(10
Pt 2):115S-1228S.

Adams MR, Golden DL, Chen H,
Register TC, Gugger ET. A diet rich in
green and vyellow vegetables inhibits
atherosclerosis in mice. The Journal of
Nutrition. 2006; 136:1886-1889.

487

Cyclosporin A and atherosclerosis--
cellular pathways in atherogenesis.
Pharmacol  Ther. 2010;128(1):106-18.
doi:10.1016/j.pharmthera.2010.06.001.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /CavaleroBT-Roman
    /Centaur
    /Century
    /Century725BT-RomanCondensed
    /Century751BT-BoldB
    /Century751BT-BoldItalicB
    /Century751BT-ItalicB
    /Century751BT-No2ItalicB
    /Century751BT-RomanB
    /Century751BT-RomanNo2B
    /Century751BT-SemiBold
    /Century751BT-SemiBoldItalicB
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchlbkCyrillicBT-Bold
    /CenturySchlbkCyrillicBT-BoldIt
    /CenturySchlbkCyrillicBT-Italic
    /CenturySchlbkCyrillicBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ClarendonBT-Black
    /ClarendonBT-Bold
    /ClarendonBT-Light
    /ClarendonBT-Roman
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DeVinneBT-Text
    /DFGothic-EB-WIN-RKSJ-H
    /DFKaiSho-SB-WIN-RKSJ-H
    /DFKaiShu-SB-Estd-BF
    /DFMincho-SU-WIN-RKSJ-H
    /DFMincho-UB-WIN-RKSJ-H
    /DFMincho-W5-WIN-RKSJ-H
    /DFPOP1-W9-WIN-RKSJ-H
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EmbassyBT-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /Exotic350BT-Bold
    /Exotic350BT-DemiBold
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /Freehand521BT-RegularC
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Geometric212BT-BookCondensed
    /Geometric212BT-HeavyCondensed
    /Geometric415BT-BlackA
    /Geometric706BT-BlackCondensedB
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HandOfSeanDemo
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-LightB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KaufmannBT-Regular
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyriadWebPro
    /MyriadWebPro-Bold
    /MyriadWebPro-Italic
    /Narkisim
    /News701BT-BoldA
    /News701BT-ItalicA
    /News706BT-BoldC
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Light
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NI7SEG
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /SchadowBT-Bold
    /SchadowBT-Roman
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Square721BT-Bold
    /Square721BT-BoldCondensed
    /Square721BT-Roman
    /Square721BT-RomanCondensed
    /Stencil
    /StencilStd
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldItalic
    /Swiss721BT-Heavy
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vevey
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


