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growth, recruitment, movement, shape change and finally differ-
entiation. Failure to regulate any one of these in time and space has
disastrous effects and all need to occur in coordination with the
others to produce the final patterned and fully functional structure.
While many aspects of developmental control result from recipro-
cal signalling involving all or the majority of constituent cells, a
special class of distinctively placed cells at the tips of tubes or the
E-mail address: hs17@cam.ac.uk (H. Skaer). lea@mg front of migrating cell groups Ahlave been founq in a wide

1 Current address: School of Biochemistry, Medical Sciences, University Walk, variety of systems to regulate the activity of their neighbours at
Bristol BS8 1TD, UK. key stages of organ development. In this review we discuss the

1. Introduction

The construction of an organ involves the regulation of many
different cell activities including cell specification, proliferation,
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Fig. 1. Examples of tip cells. Specialised cells located at the tips of developing organs are found in diverse tissues from primitive Dictyostelium slugs (A) to the mammalian
kidney and lung (H and I). In the migrating slug (A,B), prestalk A (pstA) cells populate the apical tip and guide slug migration; the remainder of the slug is composed of prestalk
cells, pstO cells and pstAB cells. In the C. elegans gonad, a single distal tip cell (DTC, green in D) is located at each end of the U-shaped gonad arms at the tip of the mitotic region
(C,D). In the insect tracheal (E) and renal systems (F), dynamic tip cells (E, arrowhead) with prominent filopodia are found at the distal-most ends of the developing tubes.
Tip cells are also observed in the vertebrate vasculature during sprouting angiogenesis (G). Groups of cells located at the growing bud tips regulate branching morphogenesis
in the mammalian kidney (H) and lung (I). Figure credits: images reproduced with permission from (B), D Dormann University College London; (C) and (D), ] Maciejowski
& E Hubbard NYU from http://www.wormatlas.org; (E), M Affolter University of Basel originally published in Curr Biol doi: http://dx.doi.org/10.1016/j.cub.2008.10.062; (G),
C Betsholtz, Karolinska Institute ©Betsholtz et al., 2003. Originally published in JCB doi:10.1083/jcb.200302047; (H), F Costantini Columbia originally published in Dev Cell
doi; http://dx.doi.org/10.1016/j.devcel.2004.11.008; (I) V. Papaioannou Columbia from PLOS Genetics 2012 doi:10.1371/journal.pgen.1002866.

selection and distinctive characteristics of these so-called tip cells
and chart their activities and, where known, the mechanisms by
which they exert their influence.

Tip cells can only be loosely defined because they occur as a dis-
tinctive and more or less permanent cell type at the tip of a wide
variety of developing tissues, often a tube or branched structure
within an organ. However, they are also found as a collection of
cells marked out by their position at the leading edge of a moving
group of cells, where they exert an influence over their neighbours.
A common feature of tip cells is that they have specialised patterns
of gene expression and exhibit specific cell behaviours. They feature
from the simplest multicellular organisms (in the migrating slug of
Dictyostelium) to the most complex (the vascular and renal systems
of mammals) and in tubular systems (insect and mammalian air-
ways or renal tubules) as well as in groups of migrating cells (insect
border cells, zebra fish lateral line) (see Fig. 1 for examples).

Whilst there are many striking parallels in the molecular mecha-
nisms governing the selection, behaviour and function of cells at the
tips of what initially appear to be physiologically and morphologi-
cally diverse tissues, there are also crucial differences, which ensure
that an organ’s structure is tailored for its specific physiological
function.

Our aim in this review is to highlight major roles played by
tip cells during tubulogenesis and in the mature tissue, taking

examples from diverse systems. We do not aim to provide a com-
prehensive description of tip cell activity in every organ.

2. Tip cell specification and selection

In many tissues tip cells are selected by a regulatory network, in
which high levels of a facilitating signal confer on a group of cells the
potential to develop tip cell fate. This potential is then restricted by
competitive and mutual inhibition through Delta-Notch signalling
to refine patterning, determining which cell or cells actually adopt
the tip cell fate. However the levels of initial signal bias the out-
come of lateral inhibition as more highly activated cells inhibit their
neighbours more effectively. For example, during angiogenesis in
mammalian systems high levels of activating Vascular endothelial
growth factor receptor (VEGFR) signalling (VEGFR2/3) and low lev-
els of inhibitory VEGFR1 signalling lead to enhanced expression
of the Notch ligand, DII4, enabling these cells to outcompete their
neighbours for the tip cell fate (reviewed in [1,2]). This network
appears to be conserved in zebrafish [3-5].

In a very similar way tip cells in the developing tubes of both the
tracheal and renal system in Drosophila are selected by signals pro-
moting tip cell fate (high levels of Fibroblast Growth Factor (FGF)
signalling in trachea and of Wingless and JAK/STAT in Malpighian
tubules ([6,7]; Denholm, Brown et al., unpublished)), followed by
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Fig. 2. Strategies for tip cell selection. In the insect renal (A) and tracheal (B) systems, high levels of signalling (through the Wnt ligand Wingless in (A) and FGF in (B)) confer
tip cell competence and tip cell potential is further refined by lateral inhibition through Notch/Delta. In the renal tubules, this occurs firstly within the competent cell cluster
and later between the daughters of the tip cell precursor, where the outcome is biased by asymmetric inheritance of the Notch inhibitor, Numb. In the insect tracheal system,
two types of tip cell are specified (terminal cell and fusion cell) according to different gene expression patterns in the progenitors (blistered in presumptive terminal and
escargot in presumptive fusion cells). Conversely in mammalian kidney, cells with highest levels of Ret signalling (activated by GDNF secreted by neighbouring metanephric
mesenchyme) sort out and populate the ureteric bud tips (C). Selection of DTCs in the nematode gonad is lineage dependent (D) but the asymmetric divisions of the Z1a
and Z4p progenitors are biased by -catenin/TCF signalling to specify a single DTC in each gonad arm. Image in (C) reproduced with permission from F Costantini Columbia

originally published in Dev Cell doi; http://dx.doi.org/10.1016/j.devcel.2004.11.008.

refinement through lateral inhibition again mediated by Notch and
Delta (see Fig. 2A for renal tubules) [8,9]. Analysis of Breathless
(FGF receptor) clones in developing dorsal tracheal branches indi-
cates that cells receiving higher levels of FGF signalling than their
neighbours always acquire tip cell fate but that the final outcome
is determined by Notch-mediated competitive interactions. How-
ever, Araujo and Casanova [10] shows that, in contrast to the dorsal
branches, the Notch/Delta pathway does not act during tip cell
selection in the ganglionic branches, indicating that differing levels
of FGF signalling might provide sufficient information to discrimi-
nate tip vs. trailing cell fate. Once specified, tip cells exhibit altered
patterns of gene expression, changes in cell shape and in the activity
of the cytoskeleton (see [11,12]).

In both the tracheal and renal tubules of Drosophila, two types
of tip cell are specified (Fig. 2A and B). In the tracheal system termi-
nal tip cells regulate outgrowth and carry oxygen to target tissues
in lumen-containing cellular extensions and fusion tip cells join
the branches from adjacent segments to form an interconnected
network. The distinction between terminal and fusion tip cells is
determined by differing patterns of gene expression. Escargot is
induced by activation of the Dpp pathway and its targets promote

fusion cell fate while repressing terminal cell fate [13]. Terminal
cells express the FGF antagonist Sprouty, and the transcriptional
regulators Pointed and Blistered [9]. In Malpighian tubules the cell
initially selected (tip cell progenitor)divides once (Fig. 2A). Through
a second round of Notch-Delta signalling, one daughter takes the
tip cell fate, which is marked by the expression of the achaete-scute
genes and their targets. This cell undergoes a pronounced shape
change so that it projects from the distal end of the tubule. The other
daughter remains fully integrated in the epithelium but develops
a distinctive pattern of gene expression to become the sibling cell
[8]. Signalling between the daughters is biased by the asymmetric
segregation of Numb, which acts to down-regulate Notch, so that
the cell containing it adopts the tip cell fate. Loss of Numb results in
the segregation of two sibling cells at the expense of a tip cell and
the over-expression of Numb results in the development of two tip
cells [7].

Groups of tip cells lead the collective migration of cell assemblies
and are found at the forefront of branching systems in vertebrate
organs such as the lung and kidney. These tip cells are not always
selected at the tip; alterations in their behaviour after selection
bring them to the leading edge (Fig. 2C). This was first shown in a
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non-tubular system, the primitive organism Dictyostelium, where
cells acquire their fates through both cell intrinsic (cell cycle phase)
and extrinsic factors (growth history, receipt of signals such as dif-
ferentiation inducing factor, DIF, and cAMP; reviewed in [14]). Cells
in G2 that enter the slug late in its development receive the high-
est levels of DIF and become pstA cells. These cells spiral to the
apex, populating the leading tip of the migrating slug [15]. In a
similar way, cells in the ureteric bud of the vertebrate kidney that
receive high levels of Glial cell-line derived neurotrophic factor
(GDNF)/Ret signalling undergo extensive movements in a process
of competitive cell sorting to generate the ureteric bud tips [16]
(Fig. 2C). In postnatal murine mammary glands mosaic inactivation
of FGFr2 reveals that cells lacking FGF signalling are competitively
excluded from the highly proliferative terminal end buds but are
able to contribute to branch trunks [17]. In the mammalian lung
localised dynamic expression of FGF10 at branch tips promotes
both the proliferation and outgrowth of the bud [18]. Cells at the
tip, that receive high levels of FGF10, laterally inhibit their neigh-
bours, through secretion of Bone Morphogenetic Protein 4 (BMP4),
preventing them from contributing to the bud [19].

In contrast to these mechanisms for tip cell selection, all of
which involve competition between cells that receive different lev-
els of signalling, the specification of the distal tip cells (DTCs) in
the nematode Caenorhabditis elegans hermaphrodite gonad appears
to be lineage dependent (Fig. 2D). The gonad develops two arms,
each containing one DTC derived from the somatic precursors Z1
and Z4. The DTCs occupy symmetric positions (Z1.aa and Z4.pp)
in each lineage [20,21]. However interactions between cells also
play a pivotal role in DTC fate. The final cell division that gives
rise to each DTC is asymmetric and is controlled by Wnt/(-catenin
signalling [22-24]. The activated daughter becomes the DTC and
starts to express ceh-22 (a Nkx2.5 homeodomain transcription fac-
tor). Ectopic expression of either [3-catenin or Ceh-22 is sufficient
for both daughters to develop as DTCs [25].

Thus in each case tip cell fate results from intrinsic and/or
inductive factors that confer tip cell potential and, in most cases,
refinement of that potential through competitive interactions.

3. Tip cells regulate tubulogenesis

Tip cells regulate tubulogenesis through both tissue-intrinsic
and tissue-extrinsic mechanisms, which must be tightly coordi-
nated to generate a physiologically competent organ of appropriate
size and shape. In some cases, tip cells play important mito-
genic roles, regulating organ growth in a tissue-intrinsic manner,
as seen in the nematode gonad and insect renal system (see
Section 3.1). Tip cells also play pivotal roles in establishing
three-dimensional tube architecture and this is often achieved
by interactions with surrounding tissues. Here, tip cells direct
branch outgrowth and guide tube migration by responding to
extracellular instructive guidance cues and by directly attaching
to nearby cells (see Sections 3.2-3.5). In this way, tip cells pre-
cisely coordinate tubulogenesis with respect to the development
of surrounding tissues. Furthermore, tip cells often remain active
post-embryonically (see Section 4), when they regulate changes
in organ structure in response to alterations in metabolic activ-
ity or the environment, and also function more directly in organ
physiology [26-29].

3.1. Mitogenic signalling: tip cells pattern cell proliferation

In both the nematode gonad and insect renal system, tip cells
play essential mitogenic roles to pattern cell proliferation. Whilst
tip cells in the insect renal system function early in embryonic
development to generate the mature tubule cell number, the tip

cells of the nematode gonad function in post-embryonic devel-
opment and later in the adult, forming a niche to maintain the
germ-line stem cell population.

The hermaphrodite gonad of C. elegans has two symmetric U-
shaped arms each with a single specialised somatic leader cell, the
DTC, at its end (Fig. 1C and D, for review see [30]). The germline is
highly polarised along the proximal-distal axis with mitotic stem
cells located nearest the DTCs and meiotic cells more proximally.
Surgical DTC ablation results in arrest of mitosis and initiation of
meiosis in all germline stem cells and premature maturation into
gametes, which is normally restricted to cells in the proximal-
most regions of the gonadal arms [31-33]. DTCs therefore act to
promote mitosis and maintain the stem cell pool distally, whilst
restricting germ cell maturation and meiotic entry to more proxi-
mal regions. This regulation requires signalling through the Notch
pathway; the LAG-2 ligand is expressed in DTCs and the recep-
tor GLP-1 in germline cells, where activation promotes mitosis and
blocks meiotic entry [34]. Accordingly it is thought that germ cells
become meiotic only when they move out of the range of mitogenic
signalling of the DTC.

Insect renal system tip cells (Fig. 1F) also pattern cell prolif-
eration along the proximal-distal axis of developing Malpighian
tubules (Fig. 3A). During embryogenesis, two distinct phases of cell
proliferation occur in the tubules to establish the mature number
of cells. Initially all tubule primordial cells divide synchronously
but later division is restricted to the distal regions and this phase
is dependent on the tip cell and its sibling, located at the distal-
most end of each growing tubule [35]. Tip and sibling cells secrete
the mature Epidermal Growth Factor (EGF) ligand, sSpitz, and acti-
vate EGF signalling in neighbouring cells to promote mitotis [36,37].
Removal of the tip cell lineage, either genetically or mechanically,
or abrogation of EGF signalling, causes premature arrest of mitosis
resulting in short, stunted tubules with dramatically reduced cell
numbers [35-38].

The presence of tip cells and their role in regulated cell division
of Malpighian tubule cells is not unique to Drosophila but is common
to the development of a number of insects, in genera separated
widely by evolution. For example in the blood-sucking Hemipteran,
Rhodnius, tip cells are apparent as soon as the tubule primordia
appear, and as in Drosophila, are required for cell division of their
neighbours and remain prominent throughout tubule division and
elongation [39].

3.2. Tip cell-directed tube migration and navigation

Cells at the leading edge of the growing tubes play important
steering functions to guide the developing organ appropriately
through the body cavity. In the C. elegans gonad, the DTCs not only
regulate germline mitotic/meiotic transition, but the DTC-specific
migratory route leads arm outgrowth and generates the distinc-
tive U-shaped hermaphrodite morphology ([32,40,41]; see [30] for
review). DTCs respond to a complex network of attractive (TGF-
) and repulsive (Netrins) signals from dorsal and ventral body
wall muscle, respectively, to guide their migration [42,43]. ECM is
remodelled by the metalloproteinases (MMPs), GON-1 and MIG-17,
that act at the DTC surface, to clear a pathway for gonad outgrowth
[93,44,45]. A conserved signalling network through CED-2 (murine
CrkII), CED-5 (Drosophila Myoblast City) and CED-10 (Rac1 GTPase)
acts in the DTC to control cell shape changes during cell migration
[40,46].

Tip cells also play important guidance functions in mam-
malian systems such as sprouting angiogenesis. Here, pioneering
tip cells are found at the outgrowing front of newly sprout-
ing endothelial branches (Fig. 3B). These highly polarised cells
exhibit striking filopodial activity in response to angiogenic stim-
uli such as VEGF; in this way single tip cells within each branch
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tubes.

guide the growing vessel towards an angiogenic stimulus [47].
Vessel growth itself is achieved by proliferation of endothelial
stalk cells positioned behind the leading tip cells, although tip
cells themselves do not divide [48]. Live imaging has revealed
a dynamic and regular exchange of tip and stalk cell fates,
suggesting that the VEGF/DII4/Notch signalling network is contin-
uously updated as sprouting vessels encounter new environments
[49].

There are instances during organogenesis when groups of cells
cohere and migrate as a group, in a process known as collec-
tive cell migration [50]. In the Drosophila salivary gland, cells at
the leading front of the primordium guide gland migration along
several tissues to establish their final position within the body cav-
ity ([51] and see Girdler and Roeper, in this issue). These cells
direct the posterior migration of the newly invaginated glands
along the circular visceral muscle (cVM) of the midgut [52,53].

Leading cells extend dynamic lamellipodial protrusions in the
direction of migration along the muscle surface. Integrins and their
extracellular matrix (ECM) ligand Laminin appear to be essential
for this migration, as mutations in «-PS1 or a-PS2 integrins or a-
1,2 Laminin cause defects in tip cell lamellipodia formation and
failure in gland migration [52,54]. Later, the salivary glands lose
contact with the cVM of the gut but the leading cells act to ensure
that the distal end of the gland adheres stably to the longitudinal
visceral muscle (IVM) of the gastric caeca, once gland migration is
complete [53,55].

3.3. Tip cells promote branching morphogenesis
Branching morphogenesis underlies the tubular scaffold of

many organs such as the vertebrate kidney, lung, vasculature
and insect tracheal system, which arise from the remodelling of
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epithelial or endothelial sheaths into vast tubular networks. In each
of these systems, local signalling between the budding tubule tips
and adjacent tissues plays crucial instructive roles in tubule branch-
ing and ultimately determines the final branching pattern of the
organ.

The branching patterns of the insect trachea and vertebrate
vasculature are established in a remarkably similar manner by
local guidance cues that induce cell competition and cell migration
locally at the tubule tips. In the insect, the FGF ligand Branchless
(Bnl) is expressed locally in patches of epidermal and mesodermal
cells around the tracheal sacs [56], which is sensed by tracheal cells
expressing the FGF receptor Breathless (Btl) [56,57]. Tracheal cells
with the highest levels of Btl activity outcompete neighbouring
cells for the tip cell fate (see Section 2; [6]), develop dynamic filopo-
dia at their surface and migrate towards the Bnl source. Such tip
cell migration distally generates tension within the proximal stalk
cells, inducing cell intercalation that elongates the newly forming
tubular branches [58]. Similarly in the vasculature, local sources
of pro-angiogenic factors, including VEGF ligands, induce cell com-
petition, leading to the emergence of highly active tip cells that
throw out multiple filopodia to induce cell migration in vessel tips
and new vessel outgrowth (Fig. 3B).

Although distinctive ‘tip cells’ have not been identified in devel-
oping mammalian lung and kidney, groups of cells at the tips of
outgrowing branches show specific patterns of gene expression
and distinctive behaviours. Branching morphogenesis is induced
at the tips of primary lung buds and ureteric buds by local recipro-
cal interactions with surrounding mesenchyme. In the lung, FGF10
is expressed dynamically in mesenchyme surrounding the primary
epithelial buds [18,59,60] and activates signalling in the bud tips
via the FGFr2b receptor, which is required for budding. Cells in the
lung bud tips upregulate target genes including sprouty2, bmp2 &
4 and sonic hedgehog that act to further refine FGF signalling and
FGF10 expression [61-65]. The exact cell behaviours that act down-
stream of local FGF signalling to induce tube outgrowth remain
unclear, although recent studies suggest that oriented cell divisions
in the lung epithelium in response to RTK receptor signalling play
an important role in branch architecture [66].

The developing ureteric bud (UB) of the vertebrate kidney
arises from the Wolffian duct, and undergoes a complex pattern of
growth, branching and remodelling to form the urinary collecting
duct system [67]. Similar to the lung, the tips of the developing UBs
are the major sites of cell proliferation, UB growth and branching
[68-70] (Fig. 3B). GDNF is secreted from mesenchymal cells adja-
cent to the UB [71] and activates its receptor Ret locally at the UB
tips. GDNF signalling induces cell proliferation at the bud tips and
this precise activation of localised cell division is thought to con-
tribute to bud evagination [70,72,73]. Given that GDNF has been
implicated as an important chemoattractant for cultured kidney
cells [74], it is possible that GDNF also guides the migration of the
UB tips [75].

3.4. Tip cell-driven tube elongation by cell intercalation

A major step during tubulogenesis is the dramatic elongation
of the primordial buds into the long tubes of the mature tissue. In
the insect tracheal and renal systems, the process of tube exten-
sion involves cell rearrangements in the plane of the epithelium, in
the absence of cell proliferation. Strikingly these cell intercalation
events are triggered by cells at the tips of the developing tubes.

As described above (Section 3.2) tip cells of the Drosophila
tracheal system extend dynamic filopodia and lamellipodia in
response to FGF signalling, activated by local sources of the ligand
Bnl. This tip cell activity leads to the directed migration of the tra-
cheal branch towards the FGF source (Fig. 3C). Such distal migration
generates mechanical tension in more proximal tracheal stalk cells

and this promotes stalk cell intercalation (SCI) that further elon-
gates the tracheal tube [58,76,77].

In Drosophila renal tubules, postmitotic cells undergo dra-
matic morphogenetic rearrangements, intercalating between their
neighbours to produce a four-fold increase in tubule length and a
reduction in cells surrounding the tubule lumen from 8 to 12 to
just 2 [78]. Tubule extension occurs in a tissue-intrinsic manner,
as embryonic tubules that have been dissected out and cultured
in vitro elongate normally [35,79]. Recent work shows that tip and
sibling cells secrete the EGF ligand Spitz to produce graded acti-
vation of EGF signalling along the distal-proximal tubule axis. This
orients cells in the plane of the epithelium and promotes polarised
cytoskeletal activity, which produces circumferential cell interca-
lation to thin and elongate the tubules [80].

3.5. Tip cell anchorage and looping morphogenesis

The analysis of tube elongation in branching structures tends
to focus on growth and extension but many tubular systems adopt
a mature looped structure, as in the salivary gland and nematode
gonad and tubule looping is a characteristic feature of renal tubules
from worms to man. However until recently rather little was known
about how looped morphology is achieved.

Using the renal tubules of Drosophila, we have shown that tip cell
activity determines the looped architecture of the anterior pair of
tubules. Tip cells make transient contacts with dorsal muscles (the
alary muscles) that anchor the heart. They contact these muscles
at abdominal segment boundaries, moving progressively forwards
as cell intercalation lengthens the tubule. Tip cells make a final tar-
get, always the alary muscle at segment A3/4 boundary, and this
contact persists into the adult fly. As the tubules elongate they
encounter guidance cues provided by TGF-f3 ([81]; see Fig. 3D).
Tip cell anchorage antagonises this forward-directed tubule move-
ment thereby ensuring both a looped morphology and the highly
reproducible positioning of the tubules in the body cavity in rela-
tion to other tissues. If tip cells are ablated the looped structure is
lost and tubules extend both too far anterior and ventrally in the
body [12].

Distinctive tip cell filopodial activity, exploratory behaviour and
specific cell adhesion, through the cell adhesion molecule Neuro-
musculin and integrins underlie the serial attachment of tip cells
to successive alary muscles. Increased adhesion, either by the over-
allocation of tip cells or by enhancing their expression of adhesion
molecules results in persistence of the first, more posterior tip cell-
muscle contact so that the tubules remain in the posterior of the
body cavity. Basement membrane clearance over the tip cell sur-
face by the repression of matrix deposition, expression of MMPs and
transcytosis of matrix and their receptors by tip cells underlies tar-
get recognition and the dynamic interactions of these cells. Defects
in these features obliterate tip cell anchorage, producing misshapen
and misplaced tubules, which have impaired physiological function
[12].

The role of tip cells in regulating tube architecture by anchor-
age to a distal muscle appears to be a conserved feature during
the organogenesis of renal systems in diverse species. In the renal
systems of other insects, including the cranefly Ptychoptera and
another Drosophilid, D. funebris, the distal-most tip of each ante-
rior tubule is attached to a fine striated branch of the dorsal alary
muscles [82,83]. More recent studies of ‘tip cells’ in the excre-
tory system of the Planarian flatworms have revealed intriguing
parallels between the role of tip cells in these disparate systems
[29]. The Planarian excretory system is composed of multiple
protonephridial epithelial tubes that are capped at their tip by spe-
cialised flame cells. Electron microscopy reveals that flame cells
display prominent filopodia and attach to nearby muscle fibres
[29,84,85]. Given that flame cell loss appears to correlate with the
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collapse of tubule architecture [29], it has been suggested that tip
cell anchorage to the surrounding muscular layer might play an
important role during branching morphogenesis in this system.

A striking example of looped tubules is found in the mammalian
kidney, where the distal and proximal convoluted tubules together
with the loop of Henle connects the tubule tip (at the glomerulus)
to the collecting duct (close to the site of urine outflow). Looping of
both the nephron and its vascular supply creates a counter-current
system that maximises the efficiency of ion and fluid homeosta-
sis. Both the site of connection to the ureter and the tubule tip, the
renal corpuscle, are established early in organ development so that
tubule extension occurs between these fixed points [86]. Whether
tubule tips play a prominent role in maintaining the looped
structure as kidney tubules extend is not known; for example, if
the developing tubule were to loop in response to guidance cues
as it extends, the establishment of these distal and proximal fixed
points would be key to the maintenance of a looped architecture.

3.6. Fusion at the tips: creating tubular networks

In the development of both the insect tracheal system and ver-
tebrate vasculature, sets of discontinuous tubular elements must
be connected to generate a fully functional tubular network.

In the Drosophila tracheal system, fusion cells are specified at
the distal ends of the tracheal branches and act to interconnect
independent or distant tracheal tubes (Fig. 3D). The processes
underlying fusion are described by Luschnig in this issue and
include fusion cell contact through their dynamic filopodial activ-
ity, E-cadherin-mediated adhesion, followed by cell contraction
and apical membrane deposition to form a continuous lumen
[13,87,88]. Very similar events occur during anastomosis (blood
vessel fusion) in the vertebrate vasculature [89,90]. Indeed recent
real-time in vivo imaging studies in zebrafish are beginning to elu-
cidate the cellular mechanisms that govern vascular anastomosis
[91].

Whilst the renal tubules of Drosophila melanogaster remain as
four separate tubes throughout the life of the animal, the two pos-
terior renal tubes of another Drosophilid, D. funebris, fuse at their
distal ends to generate a single looped posterior structure around
the hindgut [82]. This raises the possibility that the tip cells at the
distal ends of each tube fuse to interconnect the two separate renal
tubules in a similar way to the fusion cells of the tracheal system.

3.7. Tip cells as ‘master regulators’ in tubulogenesis

Clearly tip cells have a wide variety of functions but an emerg-
ing theme is that in many organs they perform multiple roles. For
example the DTCs in the C. elegans gonad have a role in the main-
tenance of germline mitoses but also guide the outgrowth of the
gonadal tubes by responding to a complex network of attractive
and repulsive extracellular guidance cues released from dorsal and
ventral body muscles along the route of migration ([32,40,41,43];
reviewed in [92]) and by secreting the MMP GON-1 to clear a migra-
tory route [93,45].

The activity of tip cells in the development of Drosophila renal
tubules demonstrates the versatility of tip cells; as in the worm
gonad, Malpighian tubule tip cells regulate mitosis in neighbouring
cells, they act to polarise these cells once cell division is complete
(thereby regulating tubule extension by oriented cell movements),
they act to explore the environment, responding to guidance cues
to contact a series of target cells (thereby stabilising tubule archi-
tecture during morphogenesis) and they finally make a permanent
specific contact, which maintains the shape and positioning of the
mature tubule in the body cavity [12,35,94,80].

The distinctive characteristics of tip cells that enable them to
regulate such a range of cell activities during tubulogenesis derives

from their ability to act as sensors as well as regulators. They
respond to signals, for example in responding to high levels of
signalling as they promote branching in tracheal/vascular systems
or in the recognition of specific cues for tissue guidance or for
attachment to target tissues. However equally important is their
ability to send signals (mitogenic signals, polarising signals or those
for target recognition), to transmit mechanical stress (in tubule
extension) and to modify the environment through the secretion
of specific factors or by directed uptake and transcytosis of specific
cargoes (such as MMPs or polarised endocytosis and transport to
clear the overlying basement membrane).

This range of tip cell activity clearly depends on changes in their
patterns of gene expression and deployment of the resulting gene
products. While both mitogenesis and tissue polarity result from
the release of EGF from the renal tip cell lineage, tubule architec-
ture is regulated by distinctive, stage-specific filopodial activity,
clearing of overlying basement membrane components, cell recog-
nition of targets and the expression of tightly controlled levels of
adhesion molecules. While it is likely that transcription of many tip
cell specific genes is downstream of the AS-C, which acts to specify
tip cells [8], the precise relationship between cell specification and
later tip cell patterns of gene expression (such as those encoding
MMPs and integrins; [12]) is not yet known.

The versatility of renal tubule tip cells depends not only on these
changes in tip cell activity but also on alterations in the responding
cells. It is striking that the tip cell signal, EGF, controls mitosis dur-
ing embryonic stages 11-12 and that the same signal regulates the
planar polarised activity of Myosin Il in the same, now post-mitotic,
responding cells from stages 13-16 [35,80]. Activation of the EGF
pathway that leads to mitosis is known to act through transcrip-
tional regulation [36,37]; the response to later signalling that alters
cytoskeletal activity and cell movement is not fully understood but
could involve post translational modifications of proteins that are
already expressed in responding cells [80]. Finally positioning of
the anterior renal tubules depends on the balance of antagonistic
forces between those derived from tip cell-alary muscle adhesion
which antagonise forward-directed movement generated by tubule
cell intercalation, and response to pathfinding cues.

4. Tip cell roles in tubule physiology

The tip cells of many organs, including the insect tracheal system
and the mammalian vasculature, remain active post-embryonically
and modulate tissue structure in response to changes in organis-
mal physiology or environmental conditions. This is particularly
important during periods of hypoxia, where tip cells promote the
growth of new tubular branches to adapt to local oxygen availabil-
ity [27,28,95] and for review see [96]. The response of tracheal cells
is discussed by Luschnig (in this issue).

There is currently no evidence that the insect renal system
is extensively remodelled post-embryonically. However, renal tip
cells remain attached to their muscle and neuronal target tissues
throughout larval and adult life [8,12], suggesting possible physi-
ological roles. Persistence of anterior tip cell attachment to alary
muscles anchors the distal tubule ends and maintains the normal
distribution of tubules in the body cavity, which is important to
maximise the efficiency of tubule function during osmotic/ionic
homeostasis and excretion [12]. Similarly, the renal tubule tips in
crickets such as Acheta domestica are anchored to the body wall to
ensure the hundreds of tubules are well dispersed throughout the
haemocoel [97]. Alary muscles are contractile and so agitate the
tubules in the haemolymph, increasing fluid sampling and possi-
bly increasing the paracellular flow of solutes (such as novel toxins)
into the tubule lumen for excretion.
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5. Concluding remarks

Tip cells play pivotal roles in multiple ways during normal
tubule development as well as in their physiological responsive-
ness. We have reviewed the defects that arise when their normal
activities are compromised; for example without tip cells fly renal
tubules contain half the normal number of cells and the short,
stumpy tubules fail to elongate or take up their normal positions
in the body cavity. As a result, the clearance of toxins from the
haemolymph as well as ionic and water balance are severely com-
promised [98,99]. Failure in normal tubulogenesis is associated
with many congenital disease conditions, such as polycystic kid-
ney disease and the development of fistulas. Further, the growth of
solid tumours depends on their vascularisation, through angiogenic
sprouting that parallels the normal response to hypoxic signals.
Clearly a detailed understanding of tubulogenesis and the factors
that regulate the cellular processes that underlie it, including the
activity of tip cells, is important for our understanding of healthy
development, physiological responsiveness and for the treatment
of disease.

Acknowledgements

We thank members the Skaer, Wood and Martin labs as well as
Katja Roeper for helpful discussions. This work was funded by The
Wellcome Trust (082729, 083350 and 094879).

References

[1] Blanco R, Gerhardt H. VEGF and Notch in tip and stalk cell selection. Cold Spring
Harb Perspect Med 2013;3:a006569.

[2] Roca C, Adams RH. Regulation of vascular morphogenesis by Notch signaling.
Genes Dev 2007;21:2511-24.

[3] Krueger ], Liu D, Scholz K, Zimmer A, Shi Y, Klein C, et al. FIt1 acts as a negative
regulator of tip cell formation and branching morphogenesis in the zebrafish
embryo. Development 2011;138:2111-20.

[4] Phng L-K, Gerhardt H. Angiogenesis: a team effort coordinated by notch. Dev
Cell 2009;16:196-208.

[5] Siekmann AF, Lawson ND. Notch signalling limits angiogenic cell behaviour in
developing zebrafish arteries. Nature 2007;445:781-4.

[6] Ghabrial A, Krasnow M. Social interactions among epithelial cells during tra-
cheal branching morphogenesis. Nature 2006;441:746-9.

[7] Wan S, Cato A, Skaer H. Multiple signalling pathways establish cell fate and cell
number in Drosophila Malpighian tubules. Dev Biol 2000;217:153-65.

[8] Hoch M, Broadie K, Jackle H, Skaer H. Sequential fates in a single cell are estab-
lished by the neurogenic cascade in the Malpighian tubules of Drosophila.
Development 1994;120:3439-50.

[9] ZelzerE, Shilo BZ. Cell fate choices in Drosophila tracheal morphogenesis. Bioes-
says 2000;22:219-26.

[10] Araujo SJ, Casanova].Sequoia establishes tip-cell number in Drosophila trachea
by regulating FGF levels. J Cell Sci 2011;124:2335-40.

[11] Lebreton G, Casanova J. Specification of leading and trailing cell features during
collective migration in the Drosophila trachea. Development 2014;141, e407-
e407.

[12] Weavers H, Skaer H. Tip cells act as dynamic cellular anchors in the morpho-
genesis of looped renal tubules in Drosophila. Dev Cell 2013;27:331-44.

[13] Samakovlis C, Manning G, Steneberg P, Hacohen N, Cantera R, Krasnow MA.
Genetic control of epithelial tube fusion during Drosophila tracheal develop-
ment. Development 1996;122:3531-6.

[14] Strmecki L, Greene DM, Pears CJ. Developmental decisions in Dictyostelium
discoideum. Dev Biol 2005;284:25-36.

[15] Early A, Abe T, Williams ]. Evidence for positional differentiation of prestalk
cells and for a morphogenetic gradient in Dictyostelium. Cell 1995;83:91-9.

[16] Chi X, Michos O, Shakya R, Riccio P, Enomoto H, Licht ], et al. Ret-dependent
cell rearrangements in the Wolffian duct epithelium initiate ureteric bud mor-
phogenesis. Dev Cell 2009;17:199-209.

[17] LuP, Ewald AJ, Martin GR, Werb Z. Genetic mosaic analysis reveals FGF receptor
2 function in terminal end buds during mammary gland branching morphogen-
esis. Dev Biol 2008;321:77-87.

[18] Bellusci S, Grindley J, Emoto H, Itoh N, Hogan BL. Fibroblast growth factor 10
(FGF10) and branching morphogenesis in the embryonic mouse lung. Devel-
opment 1997;124:4867-78.

[19] Weaver M, Dunn NR, Hogan BL. Bmp4 and Fgf10 play opposing roles during
lung bud morphogenesis. Development 2000;127:2695-704.

[20] Félix MA, Sternberg PW. Symmetry breakage in the development of one-armed
gonads in nematodes. Development 1996;122:2129-42.

[21] Kimble ], Hirsh D. The postembryonic cell lineages of the hermaphrodite and
male gonads in Caenorhabditis elegans. Dev Biol 1979;70:396-417.

[22] Kidd AR, Miskowski JA, Siegfried KR, Sawa H, Kimble J. A beta-catenin identified
by functional rather than sequence criteria and its role in Wnt/MAPK signaling.
Cell 2005;121:761-72.

[23] Phillips BT, Kidd AR, King R, Hardin ], Kimble ]. Reciprocal asymmetry of SYS-
1/beta-catenin and POP-1/TCF controls asymmetric divisions in Caenorhabditis
elegans. Proc Natl Acad Sci U S A 2007;104:3231-6.

[24] Siegfried KR, Kimble J. POP-1 controls axis formation during early gonadogen-
esis in C. elegans. Development 2002;129:443-53.

[25] Lam N, Chesney MA, Kimble J. Wnt signaling and CEH-22/tinman/Nkx2.5 spec-
ify a stem cell niche in C. elegans. Curr Biol 2006;16:287-95.

[26] Affolter M, Caussinus E. Tracheal branching morphogenesis in Drosophila:
new insights into cell behaviour and organ architecture. Development
2008;135:2055-64.

[27] Carmeliet P, De Smet F, Loges S, Mazzone M. Branching morphogenesis
and antiangiogenesis candidates: tip cells lead the way. Nat Rev Clin Oncol
2009;6:315-26.

[28] Centanin L, Gorr T, Wappner P. Tracheal remodelling in response to hypoxia. ]
Insect Physiol 2010;56:447-54.

[29] Rink ], Vu H, Alvarado A. The maintenance and regeneration of the pla-
narian excretory system are regulated by EGFR signaling. Development
2011;3780:3769-80.

[30] Wong M-C, Schwarzbauer JE. Gonad morphogenesis and distal tip cell migra-
tion in the Caenorhabditis elegans hermaphrodite. Wiley Interdiscip Rev Dev
Biol 2012;1:519-31.

[31] Austin],Kimble].glp-1isrequired in the germ line for regulation of the decision
between mitosis and meiosis in C. elegans. Cell 1987;51:589-99.

[32] Kimble JE, White JG. On the control of germ cell development in Caenorhabditis
elegans. Dev Biol 1981;81:208-19.

[33] Lambie EJ, Kimble ]J. Two homologous regulatory genes, lin-12 and glp-1, have
overlapping functions. Development 1991;112:231-40.

[34] Hansen D, Wilson-Berry L, Dang T, Schedl T. Control of the proliferation versus
meiotic development decision in the C. elegans germline through regulation of
GLD-1 protein accumulation. Development 2004;131:93-104.

[35] Skaer H. Cell division in Malpighian tubule development in D. melanogaster is
regulated by a single tip cell. Nature 1989;342:566-9.

[36] Kerber B, Fellert S, Hoch M. Seven-up, the Drosophila homolog of the COUP-TF
orphan receptors, controls cell proliferation in the insect kidney. Genes Dev
1998:1781-6.

[37] SudarsanV, Pasalodos-Sanchez S, Wan S, Gampel A, Skaer H. A genetic hierarchy
establishes mitogenic signalling and mitotic competence in the renal tubules
of Drosophila. Development 2002;129:935-44.

[38] Baumann P, Skaer H. The Drosophila EGF receptor homologue (DER) is required
for Malpighian tubule development. Dev Suppl 1993:65-75.

[39] Skaer H. Cell proliferation and rearrangement in the development of
the Malpighian tubules of the hemipteran, Rhodnius prolixus. Dev Biol
1992;150:372-80.

[40] Wu'Y, Horvitz HR. C. elegans phagocytosis and cell-migration protein CED-5 is
similar to human DOCK180. Nature 1998;392:501-4.

[41] Kiyokawa E, Hashimoto Y, Kobayashi S, Sugimura H, Kurata T, Matsuda
M. Activation of Rac1 by a Crk SH3-binding protein, DOCK180. Genes Dev
1998;12:3331-6.

[42] Hedgecock E, Culotti ], Halls D. The unc-5, unc-6, and unc-40 genes guide
circumferential migrations of pioneer axons and mesodermal cells on the epi-
dermis in C. elegans. Cell 1990;2:61-85.

[43] Su M, Merz D, Killeen M, Zhou Y, Zheng H, Kramer ], et al. Regulation of the
UNC-5 netrin receptor initiates the first reorientation of migrating distal tip
cells in Caenorhabditis elegans. Development 2000;594:585-94.

[44] Blelloch R, Kimble ]. Control of organ shape by a secreted metalloprotease in
the nematode Caenorhabditis elegans. Nature 1999;399:585-90.

[45] Nishiwaki K, Hisamoto N, Matsumoto K. A metalloprotease disintegrin
that controls cell migration in Caenorhabditis elegans. Science 2000;288:
2205-8.

[46] Reddien PW, Horvitz HR. CED-2/Crkll and CED-10/Rac control phagocytosis and
cell migration in Caenorhabditis elegans. Nat Cell Biol 2000;2:131-6.

[47] Gerhardt H, Golding M, Fruttiger M, Ruhrberg C, Lundkvist A, Abramsson A,
et al. VEGF guides angiogenic sprouting utilizing endothelial tip cell filopodia.
] Cell Biol 2003;161:1163-77.

[48] Ruhrberg C, Gerhardt H, Golding M, Watson R, loannidou S, Fujisawa H, et al.
Spatially restricted patterning cues provided by heparin-binding VEGF-A con-
trol blood vessel branching morphogenesis. Genes Dev 2002:2684-98.

[49] Jakobsson L, Franco C, Bentley K, Collins R, Ponsioen B, Aspalter [, et al. Endothe-
lial cells dynamically compete for the tip cell position during angiogenic
sprouting. Nat Cell Biol 2010;12:943-53.

[50] Friedl P, Gilmour D. Collective cell migration in morphogenesis, regeneration
and cancer. Nat Rev Mol Cell Biol 2009;10:445-57.

[51] Xu N, Keung B, Myat M. Rho GTPase controls invagination and cohesive migra-
tion of the Drosophila salivary gland through Crumbs and Rho-kinase. Dev Biol
2008;321:88-100.

[52] Bradley P, Myat M, Comeaux C, Andrew DJ. Posterior migration of the sali-
vary gland requires an intact visceral mesoderm and integrin function. Dev
Biol 2003;257:249-62.

[53] Harris K, Beckendorf S. Different Wnt signals act through the Frizzled and
RYK receptors during Drosophila salivary gland migration. Development
2007;134:2017-25.


http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0265

H. Weavers, H. Skaer / Seminars in Cell & Developmental Biology 31 (2014) 91-99 99

[54] Kerman B, Cheshire A, Andrew D. From fate to function: the Drosophila tra-
chea and salivary gland as models for tubulogenesis. Differ Res Biol Divers
2006;74:326-48.

[55] Vining M, Bradley P, Comeaux C, Andrew D. Organ positioning in Drosophila
requires complex tissue-tissue interactions. Dev Biol 2005;287:19-34.

[56] Sutherland D, Samakovlis C, Krasnow MA. Branchless encodes a Drosophila FGF
homolog that controls tracheal cell migration and the pattern of branching. Cell
1996;87:1091-101.

[57] Klambt C, Glazer L, Shilo BZ. Breathless, a Drosophila FGF receptor homolog, is
essential for migration of tracheal and specific midline glial cells. Genes Dev
1992;6:1668-78.

[58] Caussinus E, Colombelli ], Affolter M. Tip-cell migration controls stalk-
cell intercalation during Drosophila tracheal tube elongation. Curr Biol
2008;18:1727-34.

[59] De Moerlooze L, Spencer-Dene B, Revest JM, Hajihosseini M, Rosewell I, Dickson
C. An important role for the IlIb isoform of fibroblast growth factor receptor
2 (FGFR2) in mesenchymal-epithelial signalling during mouse organogenesis.
Development 2000;127:483-92.

[60] Sekine K, Ohuchi H, Fujiwara M, Yamasaki M, Yoshizawa T, Sato T, et al. Fgf10
is essential for limb and lung formation. Nat Genet 1999;21:138-41.

[61] Bellusci S, Henderson R, Winnier G, Oikawa T, Hogan BL. Evidence from nor-
mal expression and targeted misexpression that bone morphogenetic protein
(Bmp-4) plays a role in mouse embryonic lung morphogenesis. Development
1996;122:1693-702.

[62] Eblaghie MC, Reedy M, Oliver T, Mishina Y, Hogan BLM. Evidence that autocrine
signaling through Bmpr1la regulates the proliferation, survival and morpho-
genetic behavior of distal lung epithelial cells. Dev Biol 2006;291:67-82.

[63] Lebeche D, Malpel S, Cardoso WV. Fibroblast growth factor interactions in the
developing lung. Mech Dev 1999;86:125-36.

[64] Mailleux AA, Tefft D, Ndiaye D, Itoh N, Thiery JP, Warburton D, et al. Evidence
that SPROUTY?2 functions as an inhibitor of mouse embryonic lung growth and
morphogenesis. Mech Dev 2001;102:81-94.

[65] Tefft JD, Lee M, Smith S, Leinwand M, Zhao ], Bringas P, et al. Conserved func-
tion of mSpry-2, a murine homolog of Drosophila sprouty, which negatively
modulates respiratory organogenesis. Curr Biol 1999;9:219-22.

[66] Tang N, Marshall WF, McMahon M, Metzger R], Martin GR. Control of mitotic
spindle angle by the RAS-regulated ERK1/2 pathway determines lung tube
shape. Science 2011;333:342-5.

[67] Costantini F, Kopan R. Patterning a complex organ: branching morphogenesis
and nephron segmentation in kidney development. Dev Cell 2010;18:698-712.

[68] Fisher C, Michael L, Barnett M, Davies J. Erk MAP kinase regulates
branching morphogenesis in the developing mouse kidney. Development
2001;128:4329-38.

[69] Meyer T, Schwesinger C, Bush K, Stuart R, Rose D, Shah M, et al. Spatiotemporal
regulation of morphogenetic molecules during in vitro branching of the isolated
ureteric bud: toward a model of branching through budding in the developing
kidney. Dev Biol 2004;275:44-67.

[70] Michael L, Davies J. Pattern and regulation of cell proliferation during murine
ureteric bud development. ] Anat 2004;204:241-55.

[71] Costantini F. Renal branching morphogenesis: concepts, questions, and recent
advances. Differentiation 2006;74:402-21.

[72] Sariola H, Sainio K. The tip-top branching ureter. Curr Opin Cell Biol
1997;9:877-84.

[73] Costantini F, Shakya R. GDNF/Ret signaling and the development of the kidney.
Bioessays 2006;28:117-27.

[74] Tang M, Worley D, Sanicola M, Dressler G. The RET-glial cell-derived neu-
rotrophic factor (GDNF) pathway stimulates migration and chemoattraction
of epithelial cells. J Cell Biol 1998;142:1337-45.

[75] Sariola H, Saarma M. Novel functions and signalling pathways for GDNF. ] Cell
Sci 2003;116:3855-62.

[76] Ribeiro C, Ebner A, Affolter M. In vivo imaging reveals different cellular func-
tions for FGF and Dpp signaling in tracheal branching morphogenesis. Dev Cell
2002;2:677-83.

[77] Kato K, Chihara T, Hayashi S. Hedgehog and Decapentaplegic instruct polar-
ized growth of cell extensions in the Drosophila trachea. Development
2004;131:5253-61.

[78] Jung A, Denholm B, Skaer H, Affolter M. Renal tubule development in
Drosophila: a closer look at the cellular level. ] Am Soc Nephrol 2005;16:
322-8.

[79] Broadie K, Skaer H, Bate M. Developmental biology whole-embryo culture
of Drosophila: development of embryonic tissues in vitro. Culture 1992:
364-75.

[80] Saxena, A., Denholm, B., Bunt, S., Bischoff, M., VijayRaghavan, K., Skaer, H.
Epidermal growth factor signalling controls Myosin Il planar polarity to orches-
trate convergent extension movements during [submitted for publication].

[81] Bunt S, Hooley C, Hu N, Scahill C, Weavers H, Skaer H. Hemocyte-secreted type
IV collagen enhances BMP signaling to guide renal tubule morphogenesis in
Drosophila. Dev Cell 2010;19:296-306.

[82] Eastham L. Peristalsis in the malpighian tubules of diptera, preliminary
account: with a note on the elimination of calcium carbonate from the
malpighian tubules of Drosophila funebris. Q ] Microsc Sci 1925;69:385-98.

[83] Pantel ]. Signification des ‘glandes annexes’ intestinales des larves de Pty-
chopteridae et observations sur les tubes de Malpighi de ces Nematoceres
(larves et adultes). Cellule xxix 1914.

[84] Ishii S. The ultrastructure of the protonephridial flame cell of the freshwater
planarian Bdellocephala brunnea. Cell Tissue Res 1980;206:441-9.

[85] McKanna ]. Fine structure of the protonephridial system in planaria flame cells.
Zellforsch Mikrosk Anat 1968;92:509-23.

[86] Karner CM, Chirumamilla R, Aoki S, Igarashi P, Wallingford JB, Carroll T]. Wnt9b
signaling regulates planar cell polarity and kidney tubule morphogenesis. Nat
Genet 2009;41:793-9.

[87] Lee S, Kolodziej PA. Short Stop provides an essential link between F-actin and
microtubules during axon extension. Development 2002;129:1195-204.

[88] Gervais L, Lebreton G, Casanova J. The making of a fusion branch in the
Drosophila trachea. Dev Biol 2012;362:187-93.

[89] Ellertsdéttir E, Lenard A, Blum Y, Krudewig A, Herwig L, Affolter M, et al. Vas-
cular morphogenesis in the zebrafish embryo. Dev Biol 2010;341:56-65.

[90] Lawson ND, Weinstein BM. In vivo imaging of embryonic vascular development
using transgenic zebrafish. Dev Biol 2002;248:307-18.

[91] Herwig L, Blum Y, Krudewig A, Ellertsdottir E, Lenard A, Belting H-G, et al.
Distinct cellular mechanisms of blood vessel fusion in the zebrafish embryo.
Curr Biol 2011;21:1942-8.

[92] Lehmann R. Cell migration in invertebrates: clues from border and distal tip
cells. Curr Opin Genet Dev 2001;11:457-63.

[93] Blelloch R, Anna-Arriola SS, Gao D, Li Y, Hodgkin ], Kimble J. The gon-1 gene
is required for gonadal morphogenesis in Caenorhabditis elegans. Dev Biol
1999;216:382-93.

[94] Ainsworth C, Wan S, Skaer H. Coordinating cell fate and morphogenesis in
Drosophila renal tubules. Philos Trans R Soc Lond B: Biol Sci 2000;355:931-7.

[95] Jarecki ], Johnson E, Krasnow MA. Oxygen regulation of airway branching in
Drosophila is mediated by branchless FGF. Cell 1999;99:211-20.

[96] Krock BL, Skuli N, Simon MC. Hypoxia-induced angiogenesis: good and evil.
Genes Cancer 2011;2:1117-33.

[97] Hazelton S, Parker S, Spring J. Excretion in the housecricket (Achetadomesti-
cus): finestructure of the Malpighian tubules. Tissue Cell 1988;20:443-60.

[98] Beyenbach KW, Skaer H, Dow JAT. The developmental, molecular, and transport
biology of Malpighian tubules. Annu Rev Entomol 2010;55:351-74.

[99] Denholm B, Hu N, Fauquier T, Caubit X, Fasano L, Skaer H. The tiptop/teashirt
genes regulate cell differentiation and renal physiology in Drosophila. Devel-
opment 2013;140:1100-10.


http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00080-9/sbref0495

	Tip cells: Master regulators of tubulogenesis?
	1 Introduction
	2 Tip cell specification and selection
	3 Tip cells regulate tubulogenesis
	3.1 Mitogenic signalling: tip cells pattern cell proliferation
	3.2 Tip cell-directed tube migration and navigation
	3.3 Tip cells promote branching morphogenesis
	3.4 Tip cell-driven tube elongation by cell intercalation
	3.5 Tip cell anchorage and looping morphogenesis
	3.6 Fusion at the tips: creating tubular networks
	3.7 Tip cells as ‘master regulators’ in tubulogenesis

	4 Tip cell roles in tubule physiology
	5 Concluding remarks
	Acknowledgements
	References


