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Abstract Intervascular stents provide clinical benefits in preventing occlusive coronary artery
disease after angioplasty, but intimal hyperplasia and restenosis after stent implantation re-
mains an unresolved problem. Vascular smooth muscle cells (VSMCs), the main component of
medial layer of arteries, play an important role in neointimal hyperplasia. After arterial injury,
quiescent, contractile VSMCs undergo a change in phenotype; they proliferate and migrate from
themedia to the intima. It has been shown that the extracellular matrix (ECM) plays a key role in
tissue formation, homeostasis and repair. The adhesion, proliferation, and migration of VSMCs
are strongly influenced by interaction with ECM components including proteoglycans, glycopro-
teins such as fibronectin, collagen, elastic fibers (laminae). This interaction is further diversified
under the influence of multiple transmembrane receptors and matrix proteinases. Hence, the
coordinated regulation of VSMC function by these matrix components is an essential process
for controlling the development and remodeling of the vascular system. Here the role of ECM
in VSMC phenotypic modulation and neointimal hyperplasia will be reviewed.
ª 2014 Association for Research into Arterial Structure and Physiology. Published by Elsevier B.V.
All rights reserved.
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Introduction

Restenosis

Soon after the first percutaneous transluminal coronary an-
gioplasty was applied in 1977 to unblock coronary arteries,
investigators discovered that a considerable percentage of
patients experienced recurrent ischemia due to acute re-
occlusion in treated artery.1 This phenomenon, which is
called restenosis, occurs within 6 months after angioplasty.
Pathophysiologically, restenosis comprises a cascade of
molecular and cellular events within the vessel wall.
Replacement of hyaluronic acid with collagen fibers in ECM,
adventitial thickening, and constriction of the external
elastic lamina area, compounded by neointimal hyperplasia,
are among the proposed mechanisms of vascular remodeling
after angioplasty.1 In-stent restenosis (ISR) was classified by
visual estimate on angiography. Class I corresponds to focal
ISR defined by formation of restenotic plaque (<10 mm) on
the stent body or on the edges. Class II comprises diffuse
intrastent ISR with a lesion (>10mm) positioned on the stent
body. Class III identifies diffuse proliferative ISR in which a
lesion (>10mm) extends beyond the stentmargin(s). Finally,
class IV represents an occluded ISR.2

To minimize vascular remodeling and to prevent elastic
lamina recoil, the bare metal stent (BMS) was first used as a
scaffold to maintain the artery’s patency. However, BMS
implantation bears an in-stent restenosis rate of around
25%. Restenosis was significantly reduced to the one-digit
range (<10%) by drug-eluting stents (DES). Drug-eluting
stents provide localized pharmacotherapy to minimize the
response of the vessel to injury. However, their efficiency
to reduce restenosis depends on different parameters
including drug type, dosage, drug release kinetics, flow
dynamics, and local drug delivery. The effect of different
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generations of DESs on rate and pattern of restenosis have
been reviewed extensively,3,4 and in a fully bioabsorbable
stents the rate of restenosis can be as low as 3.5%.3
VSMC phenotypic modulation

Despite the extensive studies on neointimal hyperplasia,
the exact mechanism of this complex pathological process
remains to be fully understood.

VSMCs are the main component of the artery medial
layer. They have both contractile (quiescent) and synthetic
(proliferative) properties (Table 1), and in different stages
of vascular development they show a wide range of
different phenotypes between these two extremes. In the
adult, VSMCs are fully differentiated. However, in response
to environmental signals, they are able to switch back to a
synthetic phenotype. This plasticity allows cells to maintain
homeostasis of the vessel, but imbalance between these
two VSMC phenotypes in favor of the proliferative cells may
lead to wall dysfunction and vessel disease.

In the contractile state, VSMCs express contractile pro-
teins such as smooth muscle-a-actin (SM-a-actin), smooth
muscle myosin heavy chain (SM-MHC), SM22, calponin, and
smoothelin. The cytoplasm of contractile VSMCs contains
minimal endoplasmic reticulum, Golgi apparatus, and ri-
bosomes, and cells possess dense fusiform morphology
associated with tightly bundled myofilaments. In contrast,
in synthetic VSMCs the expression of contractile marker
genes, especially SM-MHC, SM22a, and SM-a-actin, is
downregulated,5 whereas expression of ECM proteins
(collagen type I and III, fibronectin) and matrix metal-
loproteinases (MMPs) -1, -2, -3, -7, -9, -14 are extensively
increased.6 This change in phenotype allows VSMCs to
proliferate and migrate. Synthetic VSMCs are fibroblast-
like, and their cytoplasm is rich in endoplasmic reticulum,
Golgi, and ribosomes. The change in VSMC phenotype can
be modulated by different factors including inflammatory
mediators, growth factors, growth inhibitors, mechanical
forces, cellecell interactions, and cell-ECM interactions.7

Angioplasty and stent implantation ruptures the
atherosclerotic plaque, and initiates platelet adhesion and
activation, secretion of cytokines, recruitment of inflam-
matory cells, and up-regulation of adhesion molecules in
VSMCs of the injured vessel. The activated platelets release
mitogens, including thromboxane A2, serotonin, and
platelet-derived growth factor, which promote the smooth
muscle cell phenotypic shift6 from contractile to synthetic.
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VSMCs proliferate and migrate toward the lumen and form
the neointima. Concurrently, endothelial denudation and
dysfunction facilitates neointima formation, since healthy
endothelium responds to many extracellular signals by
activation of endothelial nitric oxide synthase, releasing NO
which is both a vasodilator and a modulator VSMC prolif-
eration.8 Proliferation of VSMCs occurs in 2 phases: in the
early phase after injury medial VSMCs proliferate and
migrate from media to intima, whereas and in the later
phase intimal VSMCs proliferate and thicken the neo-
intima.9 Interestingly, histopathologic analyses of angio-
plastied arteries from animals10,11 or patients12 indicate
that collagen and proteoglycan accumulation appear to
contribute to the more prolonged, stenotic response. ECM
components may therefore have an important role in
regulating the cellular activities including adhesion, pro-
liferation, and migration, associated with restenosis.

VSMC phenotypic modulation and ECM proteins

Within the blood vessel wall, VSMCs are typically sur-
rounded by a strongly adhesive ECM. Under normal condi-
tions, VSMCs make stable contacts with the matrix and
remain stationary and quiescent. Strong attachments to the
ECM are necessary for transmission of contractile force to
structural elements of the vessel wall so that changes in
peripheral resistance and blood flow distribution can be
controlled by VSMC contraction. However, after vascular
injury many of these attachments are disrupted, and VSMCs
acquire a motile phenotype to repair the wound. In the
process, VSMCs express specialized matrix proteins, matrix-
degrading proteases and new cell surface matrix receptors,
and they remodel the existing structural elements of the
vessel wall.13 Here the role of some ECM proteins in neo-
intima formation is summarized.

Elastin

The vascular elastic laminae, composed of mainly elastin,
contribute to the morphogenesis, regulation of cellular
activities, as well as the structural stability, elasticity, and
strength of blood vessels.14 Elastic fibers are organized as
concentric layers framed by the internal and external
elastic laminae (IEL/EEL). Elastin is produced intracellu-
larly as a tropoelastin and deposited on a microfibrillar
scaffold in ECM. Many glycoproteins have been identified in
close proximity to or surrounding the elastic fibers. These
include fibulin, a family of elastin-associated glycoproteins
which has 7 members that are required for assembly and
organization of elastic fibers. Among them fibulin-4 and -5
are expressed in the vasculature.

Fibulin-4 is expressed intensely in the outer medial layers
towards the adventitia in large blood vessels, whereas,
fibulin-5 is expressed in both large and small vessels and is co-
localized with all layers of elastic lamina in the vessel wall.15

It has been shown that in fibulin-4�/�mice there is a general
down-regulation of contractile genes in VSMCs, associated
with loss of elastic fiber-actin cytoskeleton interaction,
normally mediated by integrins, and a shift from fibrillar to
globular actin filaments. Globular actins bind to myocardin,
a transcription co-factor important for contractile gene
expression. Myocardin is thus maintained in the cytoplasm,
and prevented from translocating to the nucleus, resulting in
the down-regulation of VSMC marker genes and de-
differentiation of VSMCs.16

De-differentiation of VSMCs has also been shown in
fibulin-5�/� mice, for which two distinct mechanisms for
VSMC hyperproliferation have been proposed. The first
mechanism emphasizes the loss of structural integrity of
the vessel wall as a result of disorganization of elastic fi-
bers; in fibulin-5�/� mice, elastic fibers form multiple ag-
gregates instead of smooth, organized lamellar sheets. The
second mechanism focuses on the suppressive effect of
fibulin-5 on VSMC proliferation and migration, which is ab-
sent in knock-out mice.17

Consistent findings showed that recombinant tropoelas-
tin, the elastin gene product, inhibited the proliferation
and migration of VSMCs in vitro.18 In parallel with these
findings, experiments have shown that as a result of deep
injury and IEL rupture, neointima thickness was
increased.19 Li and et al. generated mice lacking elastin
(Eln�/�) and found that animals died from vascular occlu-
sion in the early postnatal phase because of excessive
subendothelial proliferation and accumulation of VSMC.20

Considering these data, it can be concluded that struc-
tural integrity of the vessel wall and elastic laminae play an
important role in preventing de-differentiation of VSMCs
and keeping them in a quiescent phenotype.

Collagen

Collagens I and III are mainly responsible for imparting
strength to the vessel wall. The basic unit of fibrillar
collagen is the 300 nm triple a-helix. It is produced intra-
cellularly, secreted in the extracellular compartment, and
then aggregated in quarter-staggered fibrils. During the
formation of intermolecular cross-linking, initiated by lysil
oxidase (LOX), collagen fibers become increasingly insol-
uble and show a progressive increase in tensile strength.21

The expression of procollagen mRNA rapidly increases
after balloon injury, whereas collagen content increases
after 14 days. The delay between increased expression on
mRNA level and the actual increase of collagen is likely due
to enhanced matrix breakdown within the first weeks after
angioplasty.22 Correspondingly, Lafont and et al. have
shown that the collagenous content of media and neointima
is greatly increased after angioplasty.23 LOX is likewise
upregulated by balloon injury.24 Increasing the collagen
density of the media and the neointima after vessel an-
gioplasty injury is closely correlated with VSMC phenotype;
after angioplasty, synthetic VSMCs start to secret collagen
type I and III. The causal link between collagen accumula-
tion and VSMC proliferation was demonstrated recently. In
rats treated with an inhibitor of growth factor-induced
collagen synthesis, pirfenidone, neointima formation after
balloon injury was significantly reduced.25

Laminin

The basement membrane, an extracellular structure sur-
rounding ECs and VSMCs, is mainly made of collagen type IV
and laminin. Laminin is a trimeric glycoprotein which
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contains a-, b-, and g-chains. In culture, it has been shown
that collagen type IV and basement membrane laminin
delay, but do not eliminate the transition of VSMCs to the
synthetic phenotype in response to growth factors, via the
PI3-kinase/AKT pathway.26 However, the exact role of
laminin in restenosis in vivo remains to be determined.

Fibronectin

Fibronectin (FN) is an ECM dimeric glycoprotein. It contains
3 module types, and each subunit has a series of repeating
modules: 12 type I modules, 2 type II, 15e17 type III, and a
variable (V) sequence that is not homologous to other parts
of FN. Through interaction with integrins, FN links the ECM
to the intracellular cytoskeleton and signaling pathways.27

It has been shown that FN derived from serum or coated
substrates supports a loss of contractile phenotype. In
serum free culture, there is a delay in phenotypic modu-
lation due to lack of FN, and when cultured VSMCs begin to
produce their own FN matrix, they lose their contractile
apparatus through the P38 MAP kinase signaling pathway.6,7

Similarly, after in vivo vascular injury in rat carotid vessels,
immuno-electron microscopy studies have shown a close
relation between deposition of FN and the synthetic
phenotype of VSMCs.28

VSMC phenotypic modulation and integrins

Extracellular matrix receptors on VSMCs help to anchor the
cells during contraction and promote cellular migration after
vessel injury. Integrins are a group of cell surface glycopro-
teins that have been implicated as surface receptors,
mediating cell adhesion to the ECM and relaying external
signals to internal cell signaling response. Each integrin is a
heterodimer in which one of several homologous a subunits
associates non-covalently with a b subunit. Several integrins
can interact with a specific amino acid sequence, Arg-Gly-
Asp (RGD), which is located in the cell binding region of
fibronectin and vitronectin and is also present in laminin,
collagen type I and IV, and other adhesive proteins. In human
cells there are eight major subfamilies of integrin receptors,
which are defined by their component b chains. The first
subfamily includes at least six related complexes, each
consisting of a b1 chain with a distinct companion a chain.
Members of the b1 subfamily include receptors for fibro-
nectin (a3b1, and a5b1), laminin (a1b1, a7b1, and a6b1), and
collagen types I and IV (a1b1, a2b1, and a3b1).

29 Integrin
subunits a1, a3, a5, and b1 are the predominant integrins
expressed in VSMCs. Expression of a1b1and a7b1 correlates
with the differentiated VSMC phenotype.30

The role of integrins in VSMC phenotype conversion,
proliferation and neointima formation is complex. In some
cases, integrin activation is associated with neointima for-
mation. For example, in the adult vasculature, fibronectin
comprises a small part of ECM. However, after arterial
injury the expression of both fibronectin and its binding
mediator a5b1 is induced in the neointima.31 The ECM-
associated protein CCN1 stimulates adhesion and migra-
tion of VSMCs, via a6b1. Knockdown of CCN1 inhibits neo-
intima formation in a rat balloon injury model.32 Blockade
of the vitronectin receptor avb3 with an RGD peptide also
reduces neointima formation and lumen narrowing after
injury in rabbits.33 The opposite relationship between
integrins and VSMC proliferation has also been docu-
mented. Hence cartilage oligomeric matrix protein (COMP),
a glycoprotein that binds a7b1 integrin, is decreased in
balloon-injured rat carotid arteries, leading to the loss of
VSMC differentiation markers, whereas COMP over-
expression retards VSMC de-differentiation in response to
vascular injury.34 In agreement, in a7- knock-out mice the
ERK-MAP kinase pathway is activated, which leads to VSMC
proliferation and accentuation of neointima formation
after carotid artery ligature.35
VSMC phenotypic modulation and matrix
metalloproteinases

Specialized ECM proteolysis enzymes are key factors involved
in atherosclerosis and restenosis. The extracellular proteases
are a complex and heterogeneous superfamily of enzymes,
including metalloproteinases (matrix metalloproteinases,
adamalysins, or pappalysins), serine proteases (elastase,
coagulation factors, plasmin, tissue plasminogen activator,
urokinase plasminogen activator) and cysteine proteases
(cathepsins). Among extracellular proteases relevant to the
vasculature, matrix metalloproteinases (MMPs) are most
well-characterized. During VSMC phenotypic modulation, the
activities of a range of ECM proteinases including members of
the serine and cysteine proteinases and MMP-1, -2, -3, -7, -9,
and -14 are increased6 which results in over-proliferation and
migration of VSMCs and neointima formation. Blockade of
MMPs with a general inhibitors or by specific MMP knockout
have all been shown to reduce neointima formation in arterial
injury models.36,37 Moreover, in patients, active MMP-3 and
MMP-9 were associated with a history of in-stent restenosis38

while serum levels of MMP-2 and MMP-9 are associated with
increased restenosis rates after implantation of drug-eluting
stents.39
Conclusion

Restenosis after angioplasty is principally due to neointimal
hyperplasia stemming from de-differentiation of vascular
smooth muscle cells. Despite the advent of drug-eluting
stents, which slow down VSMC proliferation, restenosis re-
mains a major clinical problem. To solve this problem, it is
essential to understand the molecular mechanisms that
modulate VSMC phenotype modulation after injury. Since
vascular cells are embedded in and actively secrete
extracellular matrix proteins, the ECM is expected to play
an active role in VSMC proliferation and neointima thick-
ening. Given the complex interaction between ECM, MMPs
and VSMC proliferation, this field will remain open to
further study in the years to come.

For more details see reference.6
Acknowledgement

This work was financed by the Canadian Institutes of Health
Research (CIHR).



18 M. Heidari et al.
References

1. Rajagopal V, Rockson SG. Coronary restenosis: a review of
mechanisms and management. Am J Med 2003;115:547e53.

2. Mehran R, Dangas G, Abizaid AS, et al. Angiographic patterns of
in-stent restenosis. Circulation 1999;100:1872e8.

3. Papafaklis MI, Chatzizisis YS, Naka KK, Giannoglou GD,
Michalis LK. Drug-eluting stent restenosis: effect of drug type,
release kinetics, hemodynamics and coating strategy. Phar-
macol Ther 2012;134:43e53.

4. Kang S-J, Mintz GS, Park D-W, et al. Mechanisms of in-stent
restenosis after drug-eluting stent implantation/clinical
perspective. Circ e Cardiovasc Interv 2011;4:9e14.

5. Owens GK, Kumar MS, Wamhoff BR. Molecular regulation of
vascular smooth muscle cell differentiation in development
and disease. Physiol Rev 2004;84:767e801.

6. Beamish JA, He P, Kottke-Marchant K, Marchant RE. Molecular
regulation of contractile smooth muscle cell phenotype: im-
plications for vascular tissue engineering. Tissue Eng Part B Rev
2010;16:467e91.

7. Cecchettini A, Rocchiccioli S, Boccardi C, Citti L. Vascular
smooth-muscle-cell activation: proteomics point of view. Int
Rev Cell Mol Biol 2011;288:43e99.

8. Vanhoutte PM. Regeneration of the endothelium in vascular
injury. Cardiovasc Drugs Ther 2010;24:299e303.

9. Clowes AW, Clowes MM. Kinetics of cellular proliferation after
arterial injury. IV. Heparin inhibits rat smooth muscle mito-
genesis and migration. Circ Res 1986;58:839e45.

10. Finn AV, Gold HK, Tang A, et al. A novel rat model of carotid
artery stenting for the understanding of restenosis in metabolic
diseases. J Vasc Res 2002;39:414e25.

11. Schmidt MR, Maeng M, Kristiansen SB, Andersen HR, Falk E. The
natural history of collagen and alpha-actin expression after
coronary angioplasty. Cardiovasc Pathol 2004;13:260e7.

12. Chung IM, Gold HK, Schwartz SM, Ikari Y, Reidy MA, Wight TN.
Enhanced extracellular matrix accumulation in restenosis of
coronary arteries after stent deployment. J Am Coll Cardiol
2002;40:2072e81.

13. Stossel TP. On the crawling of animal cells. Science 1993;260:
1086e94.

14. Hinek A, Molossi S, Rabinovitch M. Functional interplay be-
tween interleukin-1 receptor and elastin binding protein reg-
ulates fibronectin production in coronary artery smooth muscle
cells. Exp Cell Res 1996;225:122e31.

15. Yanagisawa H, Davis EC. Unraveling the mechanism of elastic
fiber assembly: the roles of short fibulins. Int J Biochem Cell
Biol 2010;42:1084e93.

16. Huang J, Davis EC, Chapman SL, et al. Fibulin-4 deficiency
results in ascending aortic aneurysms: a potential link between
abnormal smooth muscle cell phenotype and aneurysm pro-
gression. Circ Res 2010;106:583e92.

17. Spencer JA, Hacker SL, Davis EC, et al. Altered vascular
remodeling in fibulin-5-deficient mice reveals a role of fibulin-5
in smooth muscle cell proliferation and migration. Proc Natl
Acad Sci U S A 2005;102:2946e51.

18. Karnik SK, Brooke BS, Bayes-Genis A, et al. A critical role for
elastin signaling in vascular morphogenesis and disease.
Development 2003;130:411e23.

19. Gunn J, Arnold N, Chan KH, Shepherd L, Cumberland DC,
Crossman DC. Coronary artery stretch versus deep injury in the
development of in-stent neointima. Heart 2002;88:401e5.

20. Li DY, Brooke B, Davis EC, et al. Elastin is an essential deter-
minant of arterial morphogenesis. Nature 1998;393:276e80.

21. Briones AM, Arribas SM, Salaices M. Role of extracellular matrix
in vascular remodeling of hypertension. Curr Opin Nephrol
Hypertens 2010;19:187e94.
22. Pasterkamp G, de Kleijn DP, Borst C. Arterial remodeling in
atherosclerosis, restenosis and after alteration of blood flow:
potential mechanisms and clinical implications. Cardiovasc Res
2000;45:843e52.

23. Lafont A, Durand E, Samuel JL, et al. Endothelial dysfunction
and collagen accumulation: two independent factors for
restenosis and constrictive remodeling after experimental an-
gioplasty. Circulation 1999;100:1109e15.

24. Nuthakki VK, Fleser PS, Malinzak LE, et al. Lysyl oxidase
expression in a rat model of arterial balloon injury. J Vasc Surg
2004;40:123e9.

25. Backes A, Seay U, Sedding DG, Tillmanns HH, Braun-
Dullaeus RC. Inhibition of matrix deposition: a new strategy for
prevention of restenosis after balloon angioplasty. J Car-
diovasc Pharmacol 2010;55:213e8.

26. Rzucidlo EM, Martin KA, Powell RJ. Regulation of vascular
smooth muscle cell differentiation. J Vasc Surg 2007;45(Suppl.
A):A25e32.

27. Magnusson MK, Mosher DF. Fibronectin: structure, assembly,
and cardiovascular implications. Arterioscler Thromb Vasc Biol
1998;18:1363e70.

28. Thyberg J, Blomgren K, Roy J, Tran PK, Hedin U. Phenotypic
modulation of smooth muscle cells after arterial injury is
associated with changes in the distribution of laminin and
fibronectin. J Histochem Cytochem 1997;45:837e46.

29. Wayner EA, Carter WG, Piotrowicz RS, Kunicki TJ. The function
of multiple extracellular matrix receptors in mediating cell
adhesion to extracellular matrix: preparation of monoclonal
antibodies to the fibronectin receptor that specifically inhibit
cell adhesion to fibronectin and react with platelet glycopro-
teins Ic-IIa. J Cell Biol 1988;107:1881e91.

30. Moiseeva EP. Adhesion receptors of vascular smooth muscle
cells and their functions. Cardiovasc Res 2001;52:372e86.

31. Pickering JG, Chow LH, Li S, et al. alpha5beta1 integrin
expression and luminal edge fibronectin matrix assembly by
smooth muscle cells after arterial injury. Am J Pathol 2000;
156:453e65.

32. Matsumae H, Yoshida Y, Ono K, et al. CCN1 knockdown sup-
presses neointimal hyperplasia in a rat artery balloon injury
model. Arterioscler Thromb Vasc Biol 2008;28:1077e83.

33. Margolin L, Fishbein I, Banai S, et al. Metalloproteinase in-
hibitor attenuates neointima formation and constrictive
remodeling after angioplasty in rats: augmentative effect of
alpha(v)beta(3) receptor blockade. Atherosclerosis 2002;
163:269e77.

34. Wang L, Zheng J, Du Y, et al. Cartilage oligomeric matrix
protein maintains the contractile phenotype of vascular
smooth muscle cells by interacting with alpha(7)beta(1)
integrin. Circ Res 2010;106:514e25.

35. Welser JV, Lange N, Singer CA, et al. Loss of the alpha7 integrin
promotes extracellular signal-regulated kinase activation and
altered vascular remodeling. Circ Res 2007;101:672e81.

36. Galis ZS, Khatri JJ. Matrix metalloproteinases in vascular
remodeling and atherogenesis: the good, the bad, and the
ugly. Circ Res 2002;90:251e62.

37. Sluijter JP, de Kleijn DP, Pasterkamp G. Vascular remodeling
and protease inhibitionebench to bedside. Cardiovasc Res
2006;69:595e603.

38. Jones GT, Tarr GP, Phillips LV, Wilkins GT, van Rij AM,
Williams MJ. Active matrix metalloproteinases 3 and 9 are
independently associated with coronary artery in-stent reste-
nosis. Atherosclerosis 2009;207:603e7.

39. Katsaros KM, Kastl SP, Zorn G, et al. Increased restenosis rate
after implantation of drug-eluting stents in patients with
elevated serum activity of matrix metalloproteinase-2 and -9.
JACC Cardiovasc Interv 2010;3:90e7.

http://refhub.elsevier.com/S1872-9312(14)00310-X/sref1
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref1
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref1
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref2
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref2
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref2
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref3
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref3
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref3
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref3
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref3
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref4
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref4
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref4
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref4
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref4
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref5
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref5
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref5
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref5
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref6
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref6
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref6
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref6
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref6
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref7
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref7
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref7
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref7
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref8
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref8
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref8
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref9
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref9
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref9
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref9
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref10
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref10
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref10
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref10
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref11
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref11
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref11
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref11
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref12
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref12
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref12
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref12
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref12
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref13
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref13
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref13
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref14
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref14
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref14
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref14
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref14
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref15
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref15
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref15
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref15
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref16
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref16
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref16
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref16
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref16
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref17
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref17
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref17
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref17
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref17
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref18
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref18
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref18
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref18
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref19
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref19
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref19
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref19
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref20
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref20
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref20
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref21
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref21
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref21
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref21
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref22
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref22
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref22
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref22
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref22
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref23
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref23
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref23
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref23
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref23
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref24
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref24
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref24
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref24
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref25
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref25
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref25
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref25
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref25
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref26
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref26
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref26
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref26
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref27
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref27
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref27
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref27
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref28
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref28
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref28
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref28
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref28
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref29
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref29
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref29
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref29
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref29
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref29
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref29
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref30
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref30
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref30
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref31
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref31
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref31
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref31
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref31
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref32
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref32
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref32
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref32
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref33
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref33
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref33
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref33
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref33
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref33
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref34
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref34
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref34
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref34
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref34
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref35
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref35
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref35
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref35
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref36
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref36
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref36
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref36
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref37
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref37
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref37
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref37
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref37
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref38
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref38
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref38
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref38
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref38
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref39
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref39
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref39
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref39
http://refhub.elsevier.com/S1872-9312(14)00310-X/sref39

