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Human  mesenchymal  stem  cells  (hMSCs)  are  the primary  candidate  in  cell  therapy  and  have  demon-
strated  significant  potential  in  a wide  range  of  diseases.  The  clinical  translation  of hMSC  therapy  requires
robust  and  scalable  expansion  technology  for the biomanufacturing  of  therapeutically  competent  cells.
By nature,  hMSCs  are  highly  sensitive  and  responsive  to  the  microenvironments  and  their  therapeu-
tic  potency  is  significantly  influenced  by  the culture  conditions  during  expansion.  Here,  we  discuss  the
emerging  roles  of microenvironments  in  regulating  hMSC  fate  and  the  implication  of  regulating  hMSC
eywords:
ioreactors
arge scale cultivation
issue cell culture

microenvironment  to achieve  scalable  hMSC  expansion  in bioreactors.
© 2015  Elsevier  B.V.  All  rights  reserved.
icrocarriers
uman mesenchymal stem cell (hMSC)
icroenvironment

. Introduction

Human mesenchymal stem or stromal cells (hMSCs) have
ained considerable attention in cell therapy and tissue regener-
tion for non-hematopoietic tissues with bone marrow, adipose
issue, and umbilical cord as the major sources for hMSC derivation
1]. Clinical trials involving hMSCs are being conducted in a range
f human diseases with majority of the trials in the early stages. As
he use of hMSC is progressing through clinical development and

oving toward cell-based therapies, cell expansion technology for
MSC manufacturing as a cell therapy product that meets safety,
egulatory, and potency requirements is critical for the success in
linical translation.

Cell-based therapies are tightly regulated and complex biologi-
al products that are sensitive to their environment and processing
istory. To date, large-scale cultivation of mammalian cells has
een primarily used for the production of biologics such as viruses
nd recombinant proteins, in which cells are not the final prod-
ct. Apart from the chondrocytes used in autologous chondrocyte
ransplantation [2], hMSC expansion at clinical scale represents an
dventure for the production of anchorage dependent cells that

re directly used for clinical indications. To ensure the safety and
uality of the cells, cell expansion must significantly increase cell
umbers without negatively affecting hMSC’s therapeutic potency.

∗ Corresponding author.
E-mail address: teng@eng.fsu.edu (T. Ma).

ttp://dx.doi.org/10.1016/j.bej.2015.07.014
369-703X/© 2015 Elsevier B.V. All rights reserved.
From biomanufacturing perspective, variation in hMSC properties
comes from the input materials, process conditions, and processing
history. hMSCs are known to be sensitive to environmental cues
and their therapeutic potency deteriorates with time in conven-
tional planar culture [3]. As defining the biological markers that
are predictive of hMSC potency remains a challenge, understand-
ing the impact and effective control of in-process conditions are
important to ensure the quality and potency of the final products.

Stem cells have extraordinary proliferative capacity and multi-
lineage differentiation potential, and their fate choice is tightly
regulated by the extracellular microenvironment, or niche, that
includes signaling molecules, cell–cell interactions, and extracel-
lular matrices (ECM). In addition to the structural and humoral
factors, the stem cell microenvironment also includes acellular
components such as oxygen tension and localized biomechanical
properties such as matrix stiffness and elasticity [4]. Identifying the
key components of the stem cell niche and understanding their reg-
ulatory roles are important in recreating the specialized microen-
vironment and culture system capable of preserving hMSC innate
properties during in vitro expansion. This perspective highlights
the influence of microenvironmental factors on hMSC properties
and discusses their role in scaling up hMSC production process.

2. hMSC expansion and culture-induced changes in clinical

applications

Originally isolated from bone marrow aspirate, adhesion to
plastic surface is a defining property of hMSCs that allowed their

dx.doi.org/10.1016/j.bej.2015.07.014
http://www.sciencedirect.com/science/journal/1369703X
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solation from non-adherent hematopoietic cells [5]. Since then,
MSCs have been commonly expanded in monolayer culture on
lastic substrate for in vitro and preclinical studies. In bone mar-
ow, the concentration of hMSC is low and bone marrow aspirate
ypically contains less than 1 in 105 mononucleated cells, and
nly about 6000 MSCs can be obtained from a single procedure
6]. In preclinical studies, about 107–108 hMSCs are used whereas
linical doses in the range from 1 × 106 to 5 × 106 cells/kg are
eeded in clinical application. In addition to quantity, maintaining
MSC’s innate properties and therapeutic potency during large-
cale expansion is equally important for the translation of hMSC
herapy to clinical application. While hMSCs were initially stud-
ed for their multi-lineage potentiality, it is now accepted that
heir therapeutic effects derive from their trophic properties for
he secretion of anti-inflammatory, immune modulatory, and pro-
ngiogenic factors [7]. hMSC can home to the site of tissue injuries
nd repair damaged tissue through the creation of a milieu that
odulates immune responses and enhances the endogenous tis-

ue repair. These intricate tissue repair capacity along with their
nique sensing and migratory properties that respond to local stim-
li are crucial to their therapeutic potency. For the manufacturing
f hMSC-based therapies, preserving these properties is of primary
mportance in ensuring product potency; this must also be achieved
eproducibly in the large-scale cell manufacturing processes at rel-
tively low cost.

Extensive in vitro and pre-clinical studies have shown that cul-
ure conditions influence hMSC properties and functional outcome
Table 1). hMSCs are highly sensitive to biological, biomechani-
al, and physiochemical cues in the culture environment and that
enetic and phenotype changes occur immediately after isolation
nd are continuously acquired during culture expansion on pla-
ar surfaces [3]. This is compounded by the fact that hMSCs are
eing isolated from diverse tissue sources and applied in a vari-
ty of clinical indications. Despite effort, defining robust markers
hat are predictive of hMSC in vivo efficacy remains a challenge.
MSC potency, defined as a quantitative measure of relevant bio-

ogical functions, needs to be evaluated with respect to the specific
edical indication [8]. For example, the potential of hMSCs to

ndergo osteogenic differentiation is paramount to their appli-
ation in bone repair [9]. On the other hand, preserving hMSC’s
ecretion of immune-modulating and anti-inflammatory functions
s crucial for the outcome of hMSC’s application in graft-versus-
ost disease (GvHD) [10]. In these applications, hMSC expansion is

 significant factor that influences hMSC property for clinical appli-
ation. Clinical trials using hMSC that have undergone extensive
xpansion for the treatment of steroid refractory GvHD reported
egative results in phase III studies, whereas trials using hMSC
hat underwent substantially less expansion demonstrated posi-
ive clinical outcomes and improved patient survival [11,12]. Thus,
nderstanding the key factors of the in vitro culture system and
heir influence on hMSC properties is important in the development
f the hMSC production processes.

. Influence of microenvironment on large scale hMSC
xpansion

Increasing evidence suggests that MSCs or “MSC-like” cells
eside in the perivascular niche and are broadly distributed in vir-
ually all postnatal organs and tissues. The tissue resident MSCs
ctively participate in tissue repair and regeneration and are highly
esponsive to environmental cues. As stromal cells, MSCs have

xtensive capacity for the secretion of humoral and structural
roteins that actively modulate their immediate microenviron-
ent. In vitro studies have also revealed hMSC’s mechano-

ensing and responding capability suggesting the involvement of
g Journal 108 (2016) 44–50 45

mechanotransduction processes in response to physical cues. These
microenvironmental factors converge via a multitude of cellular
signaling pathways and collectively influence hMSC phenotype and
cell fate choice.

Exploiting the interactions of hMSC with their microenviron-
ment is crucial in defining optimal conditions for hMSC expansion
while preserving their therapeutic potency. To date conventional
T-flask culture has been the mainstay to obtain hMSCs in preclin-
ical studies whereas Cell FactoryTM are typically used in clinical
studies. Currently, there is an intense effort in developing micro-
carrier bioreactor technology as the main approach to scale up
hMSC expansion. Microcarriers in bioreactor provide cell adhe-
sion surfaces in suspension and microcarrier bioreactors are the
default manufacturing platform for large-scale expansion of adher-
ent cells. However, its adaption to large-scale hMSC expansion for
cell therapy also poses new challenges. The culture environments
in microcarrier bioreactor impact not only hMSC expansion kinetics
and expression of phenotypic markers but also their properties and
therapeutic potency. Indeed, recent studies comparing the effects
of flask culture and microcarrier bioreactor on hMSCs from different
donor and perinatal sources of umbilical cord and amniotic mem-
brane have shown clear clustering of gene expression profiles in
distinct groups solely depending on the expansion process [13].
These results suggest that the physiochemical and physiological
properties of the culture environment need to be characterized and
considered in developing large-scale hMSC expansion processes.
Compared to planar tissue culture plates, few studies have focused
on the characteristics and the regulatory roles of microenvironment
formed on the microcarriers in the dynamic culture environment.
As depicted in Fig. 1, the following sections discuss the unique fea-
tures of hMSC microenvironment in regulating cell fate and the
importance of understanding these microenvironmental factors in
scaling up hMSC expansion processes.

3.1. hMSC in vitro microenvironment and clonogenicity

As hMSC’s in vivo identity is still being debated, hMSCs have
been the subject of tissue culture experiments [14]. As stromal
cells, hMSCs have extensive capacity to secrete ECM and regula-
tory factors in vitro to form an interactive milieu that influence
cell fate. In 2D plastic culture, hMSCs are significantly influenced
by seeding density and have the ability to undergo clonal expan-
sion, in which discrete colonies arising from single precursor cells
exhibit a fibroblast-like morphology, termed colony-forming unit-
fibroblastic (CFU-F) [15]. Colony forming efficiency has been used
as a simple in vitro measure of the content of multipotent cells in a
heterogeneous hMSC population with differing phenotypic proper-
ties, and serves as a reliable predictor of hMSC multipotency and the
efficacy of hMSC therapies [16]. For example, Zhang et al. showed
that a clonally purified hMSC population is more potent to repair
infracted myocardium compared to the parent population [17], and
Prockop’s group showed that rapidly proliferating hMSCs exhibit
preferential tissue engraftment relative to more slowly proliferat-
ing hMSCs [18].

hMSC clonal culture also revealed hMSC’s unique ability to gen-
erate their own microenvironment and it reciprocal impact on
hMSC fate. Clonal analysis of single-cell derived colonies has shown
cellular heterogeneity even at clonal level with varying differenti-
ation capacity among cells derived from a single colony [19]. These
studies have also shown that the tri-potent clones have the high-
est proliferation rate compared to the bi-potent and uni-potent
clones, suggesting a hierarchically structured population. Because

the content of the clonogenic and multipotent subset in heteroge-
neous hMSC culture is not only correlated with cell proliferation but
also with therapeutic outcome, preservation of hMSC clonogenicy
is central to maintaining hMSC therapeutic potency. In standard
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Table 1
Influence of planar culture conditions on hMSC in vitro and in vivo properties.

Culture parameters MSC source Expansion conditions In vitro properties In vivo functions Reference

Passage hBMSCs Passaging up to P5 ↓Proliferation and
trilineage differentiations

↓Bone forming efficiency in
mice

[50]

hBMSCs Passaging up to P5 ↓Surface antigen
expression of CD106,
CD146, CD9, integrin alpha
11

n/a [51]

hASCs hBMSCs Passaging up to ∼P25
(∼60 PD)

↑Population heterogeneity;
↓Proliferation, CFU-F, and
differentiations

n/a [52]

hBMSCs Passaging up to P16 ↑DNA methylation, genetic
modification, and
senescence

n/a [53]

hBMSCs Passaging up to P5 ↑Cell size, population
heterogeneity

n/a [54]

hBMSCs P0 (freshly isolated) ↑CFU-F ↑Osteogenicity in a
engineered bone
substitutes

[55]

hBMSCs Expansion for 2–3
months

↑Senescence, changes of
DNA methylation patterns,
epigenetic modification;
↓Differentiation

n/a [56]

Density and confluence hBMSCs Clonal expansion ↑Differentiation into cells
of all 3 germ layers

↑Engraftment after
intra-myocardial
transplantation into mice
with myocardial infarction;
↑Onset angiogenic and
antiapoptotic cytokines
secretion

[57]

hBMSCs Clonal strains of BMNC ↑Expression of CD146 ↑Developing heterotopic
bone marrow in vivo by
regulating Ang-1
production

[58]

hBMSCs Plating density at
100 cells/cm2

↑Clonogenity and
migration capacity
associated with surface
antigen CD49f and PODXL

↑Retention rate after
intravenous infusion into
mice with myocardial
infarcts

[59]

hBMSCs Plating density at
100 cells/cm2

↑Motility associated with
CXCR4 expression

↑Engraftment in
hippocampal region in
anesthetized mice after
intravenous infusion

[60]

hBMSCshUMSCs Plating density (100%
confluence)

↑Senescence (�-gal
expression); ↓Proliferation
and CFU-F

n/a [21]

hBMSCs Density (90%
confluence)

↑Immunosuppression of
activated T cells

n/a [61]

hBMSCs Density (100%
confluence)

↓Expression of surface
antigen CD146, NG2;
↓CFU-F, differentiation,
and proliferation

n/a [62]

Accumulative oxidative
stress

hBMSCs Atmospheric oxygen
(21%)

↓Proliferation and
differentiation;
↑Senescence and growth
arrest

n/a [63]

hBMSCs Oxidative stress
(gamma irradiation)

↑Senescence, altered
secretory profile in
response to inflammation;
↓Migratory capacity

↓Protective activity in a
murine model of
LPS-induced lethal
endotoxemia

[64]

Abbreviations:  Human bone marrow derived mesenchymal stem cells (hBMSCs); human adipose derived stem cells (hASCs); human umbilical cord mesenchymal stem cells
(  marro
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hUMSCs); colony forming unit-fibroblast (CFU-F); lipopolysaccharides (LPS); bone

lanar plastic culture, hMSC undergo sharp transition from divi-
ion with high expression of genes related to cell cycle and DNA
epair and replication to the genes regulating cytoskeleton and
xtracellular matrix [20], highlighting the temporal changes in
MSC properties in culture. Additionally, cell–cell contact in hMSC

n culture leads to ROS accumulation and induce senescence that

ignificantly alters their secretory profiles [21]. In planar culture,
trategies such as low oxygen tension and addition of metabolic
odulators have been used in hMSC expansion to better preserve

heir clonogenic properties during culture expansion [22,23]. While
w nucleated cells (BMNC); Angiopoietin-1 (Ang-1); increased (↑); decreased (↓).

scalability remains a focus in bioreactor development, under-
standing the impact of microcarrier surface and physiochemical
properties on the development of hMSC microenvironment and its
role in large-scale expansion informs the development and opti-
mization of hMSC biomanufacturing process.
3.2. Mechanosensitivity

hMSCs are mechanosensitive and highly responsive to biophys-
ical properties of their immediate environment such as elasticity
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Fig. 1. (A) Planar culture plates routinely used in the laboratory can be expanded to parallelized monolayer culture devices such as CellFactoryTM to produce hMSC up to
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09–1011. Further increase in lot size requires the development of the fully automa
MSC  microenvironments between the planar culture plastics and the microcarrier
lanar culture plates and microcarriers.

r topographical features. hMSC sense and response to substrate
tiffness through cell adhesion apparatus, cytoskeleton, and sig-
aling pathways such as RhoA-Rock [24]. It has been observed that
MSC spreading on culture substrate with high rigidity enhances
steogenic differentiation, whereas intermediate stiffness pro-
otes muscular lineage and soft substrate leads to neuronal

ifferentiation [25]. On the substrate of high stiffness, hMSCs are
ble to form mature focal adhesion with more extensive and robust
tress fibers that promote osteogenic differentiation. On the soft
ubstrate, MSCs exhibit fewer and less developed focal adhesion
ith weak stress fibers, which favors the expression of adipogenic

enes. Regulation of cytoskeletal tension through geometric cues

as similar effects on hMSC fate and guides their lineage speci-
cation. In the presence of soluble factors permitting osteogenic
nd adipogenic differentiation, hMSCs at the perimeter of con-
ave islands, which are under higher mechanical stress, prefer to
ioreactor system such as suspension microcarrier bioreactor. (B, C) Comparison of
spension. (D) Summary of the key components of the hMSC microenvironments on

differentiate into osteogenic lineage. In contrast, hMSCs at the
interior of the island region have a low degree of stress and
tend to differentiate into adipocytes [26]. In addition to single
cells, geometric cues also regulate hMSC fate at the multicellu-
lar level with lower cytoskeletal tension in multicellular patterns
better maintained the expression of MSC  phenotypic makers [27].
Beyond multilineage potential, hMSC also exhibit stiffness depen-
dent secretion of secretion of trophic factors and angiogenic
properties with maximum influence on tubulogenesis observed
from fibronectin-modified hydrogel at 40 kPa [28]. Significant up-
regulation of IL-8, uPA, and VEGF has also been reported for hMSC
cultured on harder hydrogels of 20 kPa compared to soft ones of

2 kPa [29].

These results highlight the importance of the biomechanical
cues on hMSC properties and the need to investigate the impact
of microcarrier stiffness and topographical features in large-scale
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xpansion. Many microcarriers used in hMSC expansion are derived
rom base materials through polymerization with varying degree of
ydration and cross-linking, leading to a large variation in micro-
arrier biomechanical properties [30,31]. In addition to substrate
tiffness, topographical features of the substrate surface at nanome-
er scale regulate hMSC fate and induce a switch from osteogenic
timulation to the maintenance of multipotent markers [32]. Inter-
stingly, recent study has shown that hMSCs are able to retain
echanical information from past physical environments and that

he mechanical dosing influences hMSC fate decisions through the
ctivation of Yes-associated protein (YAP) and its transcriptional
o-factors [33]. Taking advantages of hMSC’s mechanosensitiv-
ty, modulating microcarrier biomechanical properties provides an
pportunity to control hMSC fate in the bioreactor to optimize
MSC growth environment in large-scale culture.

.3. Fluid microenvironment in suspension microcarrier
ioreactor

In biomanufacturing, stirred-tank bioreactors provide a well-
ixed environment with precisely controlled pH, nutrients, and

issolved oxygen and vessels up to 6000 L have been implemented
or production of viral vaccines using transformed adherent cells
34]. In stirred tank bioreactor, mixing by agitation ensures uni-
orm nutrient distribution but the spatial shear stress distribution
s far from homogenous with localized “hot spots” near the stir-
er and low shear stress near the top. For the transformed cell
ines, the negative impact of shear stress exposure on cell growth
nd protein production and properties has been well character-
zed. In the case of hMSCs, exposure to sustained shear stress

ith large variation may  significantly alter cell properties and
herapeutic potency without apparent changes in cell pheno-
ype markers. Using DNA microarray and quantitative real-time
everse transcription-PCR analysis, studies have revealed consis-
ent and marked up-regulation of IL-1� and mitogen-activated
rotein kinase (MAPK) signaling pathway within 1–10 dyn/cm2

35]. Other studies have shown that exposure to shear stress as low
s 0.3 dyn/cm2 on planar surface and 0.01 dyn/cm2 in 3D scaffolds
nduces hMSC osteogenic differentiation [36,37]. These studies
llustrate the need for detailed understanding on how the fluid

icroenvironment influences hMSC properties in order to optimize
ioreactor agitation conditions.

In addition to shear stress, convective flow also disrupts accu-
ulation of the cell-secreted regulatory macromolecuels that are

rucial for maintaining hMSC phenotype. hMSCs are potent source
f bioactive factors including ECM and growth factor and that the
icroenvironment formed by the endogenous biomacromolecules

rofoundly influences hMSC phenotype [38]. In 3D fibrous scaf-
olds, the endogenous microenvironment plays a key role in
egulating hMSC proliferation and osteogenic differentiation and
hat the convective removal of endogenous FGF-2 in 3D fibrous
caffolds significantly reduces hMSC proliferation and clonogenic
ctivities [39]. Thus, development of microcarriers with high affin-
ty to cell-secreted growth factors or ECM may  be an avenue to
ptimize the microcarrier microenvironment to enhance hMSC
roliferation.

. Perspectives

Advanced cell expansion technology is central to the manu-
acturing of therapeutically competent hMSC in the translation

f hMSC therapy to clinical application. In this process, a major
hallenge is to address the variation in cell properties and
educed therapeutic potency introduced during hMSC expansion
11]. Large-scale hMSC expansion processes inevitably introduce
g Journal 108 (2016) 44–50

selective pressure that can alter hMSC properties and the thera-
peutic outcome. It is important to identify these changes in hMSC
production because the unwanted cell population not only increase
overall production cost but also introduce side effects due to
differing phenotypic or secretory profiles. As discussed in the fol-
lowing, innovations in biomaterial, bioreactor design, and process
development play important roles in advancing the cell expansion
technology.

Innovation in biomaterials has led to the “synthetic niches”
that can be incorporated in large-scale cell expansion to regulate
hMSC fate. For example, cell detachment is a critical step for sub-
culturing and harvesting in large-scale microcarrier culture of the
adherent cells such as hMSCs. To overcome this barrier, thermal
responsive microcarriers using poly(N-isopropylacrylamide) and
microcarriers coated with a synthetic ECM composed of a disulfide-
crosslinked hyaluronan and gelatin hydrogel were developed to
allow for enzyme-free cell detachment under mild reductive
conditions or reduced temperature [40,41]. Apart from regulat-
ing cell–material interface, a recovery of more than 95% of the
hMSCs from microcarriers was  achieved by using a combination of
trypsinization and increased agitation rate to reduce Kolmogorov
eddy sizes [42]. These novel and potentially scalable solutions
demonstrate the potential of modulating the physiochemical and
biomechanical properties of the microenvironments to overcome
the barriers in scaling up cell expansion processes.

Microcarrier bioreactor is an established technology in large
scale expansion of adherent cells and offers many advantages. How-
ever, compared to pluripotent stem cells (PSCs) or the transformed
cell lines that form 3D aggregates or grow as multi-layers on the
microcarriers, hMSCs typically grow as monolayers and the for-
mation of 3D structure in adjacent carriers significantly reduces
cell proliferation. As a result, hMSC have significantly lower expan-
sion fold compared to PSC in the microcarrier bioreactor which
results in low bioreactor productivity and lot size [43]. As hMSCs
are highly responsive to biomechanical cues such as stiffness and
modulus, microcarriers’ biomechanical properties should be char-
acterized and optimized to control hMSC fate during expansion.
In addition to the improvement in microcarrier design, incorpo-
ration of novel 3D scaffolds in scalable bioreactor system may  be
an alternative that provides optimal cellular microenvironments
while maintaining scalability for large-scale expansion. Over the
last two  decades, research in tissue engineering and biomaterials
has provided a wide range of scaffolds with surface, structural, and
mechanical properties that recapitulate the bone marrow niche
environment by enriching endogenous ECM and growth factors
that preserve hMSC properties. On the other hand, packed-bed
bioreactors (PBB) using porous carriers or fibrous scaffolds provide
high carrier surface-area to volume ratio and support high density
culture up to 108 cells/mL in a fully controlled and automated envi-
ronment that is attractive for Good Manufacturing Practice (GMP)
facilities [44].

Ensuring sufficient nutrient and oxygen supply has been an
important goal for cell expansion in bioreactor. However, sustained
stimulation of nutrient sensing and activation pathways induces
senescence with reduced therapeutic potency [45]. On the other
hand, environmental preconditioning such as hypoxia, low con-
centration of oxidative stress, and nutrient deprivation, is effective
in enhancing hMSC survival and trophic properties [46]. Com-
pared to the gene transfection strategy targeting specific genes
for cell survival or secretion, the environmental preconditioning
strategy does not have the risk associated with gene transfec-
tion and therefore does not require additional regulatory approval.

Some of the strategies such as hypoxia and nutrient deprivation
can be readily implemented in large-scale cell expansion pro-
cesses or as a post-expansion treatment step. Taking advantage
of hMSC’s responsiveness to environmental cues, targeted hMSC
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reconditioning by altering their environmental conditions may
rovide another implementable strategy to enhance hMSC thera-
eutic potential in hMSC biomanufacturing.

Apart from bioreactor design, innovation in production pro-
ess has provided fully closed systems that integrate sequential
nit operations from expansion and harvesting to cryopreservation
47]. Integrating cell expansion in a continuous perfusion bioreac-
or with a tangential flow filtration system for concentration and
ashing shortened hMSC expansion and process time and demon-

trated continued cell recovery without changes in cell properties
48]. These studies demonstrate the potential of integrated cell pro-
uction in an automated and closed system that is important to
nsure product quality and GMP-compliance.

Parallel to the advances in culture tools and processes, research
as focused on the identification of critical determinants of hMSC
hat link their in vitro attributes to in vivo tissue repair and
egeneration ability in clinically relevant animal models [49]. The
ombination of pre-clinical animal model with a broad set of in vitro
haracteristics provides quantifiable parameters that are predica-
ive of hMSC in vivo potency and can serve as benchmarks for the
evelopment of cell manufacturing technology. Establishment and
ubsequent incorporation of these criteria in the development of
ell manufacturing technology will significantly advance the com-
ercial realization of hMSC therapy.
hMSC-based therapies hold significant potential in a wide range

f diseases and hMSC-based products are undergoing a rapid
xpansion. In the development of large scale hMSC production
rocesses, the impact of the culture microenvironment and pro-
essing conditions on hMSC properties must be considered and
ddressed in process design. To this end, understanding the regula-
ory mechanism of hMSC microenvironment and how it regulates
MSC properties is the rational path to the successful development
f hMSC manufacturing technology.

ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at http://dx.doi.org/10.1016/j.bej.2015.07.014

eferences

[1] T.R. Heathman, A.W. Nienow, M.J. McCall, K. Coopman, B. Kara, C.J. Hewitt,
The  translation of cell-based therapies: clinical landscape and manufacturing
challenges, Regen. Med. 10 (2015) 49–64.

[2] M.  Brittberg, A. Lindahl, A. Nilsson, C. Ohlsson, O. Isaksson, L. Peterson, Treat-
ment of deep cartilage defects in the knee with autologous chondrocyte
transplantation, N. Engl. J. Med. 331 (1994) 889–895.

[3] J.J. Bara, R.G. Richards, M.  Alini, M.J. Stoddart, Concise review: bone marrow-
derived mesenchymal stem cells change phenotype following in vitro culture:
implications for basic research and the clinic, Stem Cells 32 (2014) 1713–1723.

[4] D.E. Discher, D.J. Mooney, P.W. Zandstra, Growth factors, matrices, and forces
combine and control stem cells, Science 324 (2009) 1673–1677.

[5] A. Friedenstein, R. Chailakhjan, K. Lalykina, The development of fibroblast
colonies in monolayer cultures of guinea-pig bone marrow and spleen cells,
Cell Prolif. 3 (1970) 393–403.

[6] A.I. Hoch, J.K. Leach, Concise review: optimizing expansion of bone marrow
mesenchymal stem/stromal cells for clinical applications, Stem Cells Transl.
Med. (2014) 2013–2196.

[7] K. English, Mechanisms of mesenchymal stromal cell immunomodulation,
Immunol. Cell Biol. 91 (2013) 19–26.

[8] M.  Mendicino, A.M. Bailey, K. Wonnacott, R.K. Puri, S.R. Bauer, MSC-based prod-
uct  characterization for clinical trials: an FDA perspective, Cell Stem Cell 14
(2014) 141–145.

[9] E.M. Horwitz, D.J. Prockop, L.A. Fitzpatrick, W.W.  Koo, P.L. Gordon, M. Neel,
M.  Sussman, P. Orchard, J.C. Marx, R.E. Pyeritz, Transplantability and thera-
peutic effects of bone marrow-derived mesenchymal cells in children with
osteogenesis imperfecta, Nat. Med. 5 (1999) 309–313.

10] F. Yin, M.  Battiwalla, S. Ito, X. Feng, F. Chinian, J.J. Melenhorst, E. Koklanaris, M.

Sabatino, D. Stroncek, L. Samsel, Bone marrow mesenchymal stromal cells to
treat tissue damage in allogeneic stem cell transplant recipients: correlation of
biological markers with clinical responses, Stem Cells 32 (2014) 1278–1288.

11] J. Galipeau, The mesenchymal stromal cells dilemma—does a negative phase
III  trial of random donor mesenchymal stromal cells in steroid-resistant

[

g Journal 108 (2016) 44–50 49

graft-versus-host disease represent a death knell or a bump in the road?
Cytotherapy 15 (2013) 2–8.

12] L. von Bahr, B. Sundberg, L. Lönnies, B. Sander, H. Karbach, H. Hägglund, P.
Ljungman, B. Gustafsson, H. Karlsson, K. Le Blanc, Long-term complications,
immunologic effects, and role of passage for outcome in mesenchymal stromal
cell therapy, Biol. Blood Marrow Transplant. 18 (2012) 557–564.

13] J. Hupfeld, I.H. Gorr, C. Schwald, N. Beaucamp, K. Wiechmann, K. Kuentzer,
R.  Huss, B. Rieger, M. Neubauer, H. Wegmeyer, Modulation of mesenchymal
stromal cell characteristics by microcarrier culture in bioreactors, Biotechnol.
Bioeng. 111 (2014) 2290–2302.

14] P. Bianco, P.G. Robey, P.J. Simmons, Mesenchymal stem cells: revisiting history,
concepts, and assays, Cell Stem Cell 2 (2008) 313–319.

15] S.A. Kuznetsov, M.H. Mankani, P. Bianco, P.G. Robey, Enumeration of the colony-
forming units—fibroblast from mouse and human bone marrow in normal and
pathological conditions, Stem Cell Res. 2 (2009) 83–94.

16] K.C. Russell, M.R. Lacey, J.K. Gilliam, H.A. Tucker, D.G. Phinney, K.C. O’Connor,
Clonal analysis of the proliferation potential of human bone marrow mes-
enchymal stem cells as a function of potency, Biotechnol. Bioeng. 108 (2011)
2716–2726.

17] S. Zhang, J. Ge, A. Sun, D. Xu, J. Qian, J. Lin, Y. Zhao, H. Hu, Y. Li, K. Wang, Com-
parison of various kinds of bone marrow stem cells for the repair of infarcted
myocardium: single clonally purified non-hematopoietic mesenchymal stem
cells serve as a superior source, J. Cell. Biochem. 99 (2006) 1132–1147.

18] R.H. Lee, S.C. Hsu, J. Munoz, J.S. Jung, N.R. Lee, R. Pochampally, D.J. Prockop,
A  subset of human rapidly self-renewing marrow stromal cells preferentially
engraft in mice, Blood 107 (2006) 2153–2161.

19] K.C. Russell, D.G. Phinney, M.R. Lacey, B.L. Barrilleaux, K.E. Meyertholen, K.C.
O’Connor, In vitro high-capacity assay to quantify the clonal heterogeneity in
trilineage potential of mesenchymal stem cells reveals a complex hierarchy of
lineage commitment, Stem Cells 28 (2010) 788–798.

20] B.L. Larson, J. Ylöstalo, D.J. Prockop, Human multipotent stromal cells undergo
sharp transition from division to development in culture, Stem Cells 26 (2008)
193–201.

21] J.H. Ho, Y.-F. Chen, W.-H. Ma,  T.-C. Tseng, M.-H. Chen, O.K. Lee, Cell contact accel-
erates replicative senescence of human mesenchymal stem cells independent
of  telomere shortening and p53 activation: roles of Ras and oxidative stress,
Cell Transplant. 20 (2011) 1209–1220.

22] W.L. Grayson, F. Zhao, B. Bunnell, T. Ma,  Hypoxia enhances proliferation and
tissue formation of human mesenchymal stem cells, Biochem. Biophys. Res.
Commun. 358 (2007) 948–953.

23] B. Gharibi, S. Farzadi, M.  Ghuman, F.J. Hughes, Inhibition of Akt/mTOR atten-
uates age-related changes in mesenchymal stem cells, Stem Cells 32 (2014)
2256–2266.

24] R. McBeath, D.M. Pirone, C.M. Nelson, K. Bhadriraju, C.S. Chen, Cell shape,
cytoskeletal tension, and RhoA regulate stem cell lineage commitment, Dev.
Cell 6 (2004) 483–495.

25] A.J. Engler, S. Sen, H.L. Sweeney, D.E. Discher, Matrix elasticity directs stem cell
lineage specification, Cell 126 (2006) 677–689.

26] S.A. Ruiz, C.S. Chen, Emergence of patterned stem cell differentiation within
multicellular structures, Stem Cells 26 (2008) 2921–2927.

27] J. Lee, A.A. Abdeen, A.S. Kim, K.A. Kilian, The influence of biophysical parameters
on maintaining the mesenchymal stem cell phenotype, ACS Biomater. Sci. Eng.
(2015).

28] A.A. Abdeen, J.B. Weiss, J. Lee, K.A. Kilian, Matrix composition and mechanics
direct proangiogenic signaling from mesenchymal stem cells, Tissue Eng. A 20
(2014) 2737–2745.

29] F.P. Seib, M.  Prewitz, C. Werner, M.  Bornhäuser, Matrix elasticity regulates the
secretory profile of human bone marrow-derived multipotent mesenchymal
stromal cells (MSCs), Biochem. Biophys. Res. Commun. 389 (2009) 663–667.

30] R.J. Stenekes, S.C. De Smedt, J. Demeester, G. Sun, Z. Zhang, W.E. Hennink, Pore
sizes in hydrated dextran microspheres, Biomacromolecules 1 (2000) 696–703.

31] N. Abraham Cohn, B.-S. Kim, R.Q. Erkamp, D.J. Mooney, S.Y. Emelianov, A.R.
Skovoroda, M.  O’Donnell, High-resolution elasticity imaging for tissue engi-
neering, IEEE Trans. Ultrason. Ferroelectr. Freq. Control 47 (2000) 956–966.

32] R.J. McMurray, N. Gadegaard, P.M. Tsimbouri, K.V. Burgess, L.E. McNamara, R.
Tare, K. Murawski, E. Kingham, R.O. Oreffo, M.J. Dalby, Nanoscale surfaces for
the  long-term maintenance of mesenchymal stem cell phenotype and multi-
potency, Nat. Mater. 10 (2011) 637–644.

33] C. Yang, M.W.  Tibbitt, L. Basta, K.S. Anseth, Mechanical memory and dosing
influence stem cell fate, Nat. Mater. 13 (2014) 645–652.

34] P.N. Barrett, W.  Mundt, O. Kistner, M.K. Howard, Vero cell platform in vac-
cine production: moving towards cell culture-based viral vaccines, Expert Rev.
Vaccines 8 (2009) 607–618.

35] J.R. Glossop, S.H. Cartmell, Effect of fluid flow-induced shear stress on human
mesenchymal stem cells: differential gene expression of IL1B and MAP3K8 in
MAPK signaling, Genes Expr. Pattern 9 (2009) 381–388.

36] F. Zhao, R. Chella, T. Ma,  Effects of shear stress on 3-D human mesenchymal stem
cell  construct development in a perfusion bioreactor system: experiments and
hydrodynamic modeling, Biotechnol. Bioeng. 96 (2007) 584–595.

37] M.R. Kreke, A.S. Goldstein, Hydrodynamic shear stimulates osteocalcin expres-
sion but not proliferation of bone marrow stromal cells, Tissue Eng. 10 (2004)

780–788.

38] X.D. Chen, V. Dusevich, J.Q. Feng, S.C. Manolagas, R.L. Jilka, Extracellular matrix
made by bone marrow cells facilitates expansion of marrow-derived mes-
enchymal progenitor cells and prevents their differentiation into osteoblasts,
J.  Bone Miner. Res. 22 (2007) 1943–1956.

http://dx.doi.org/10.1016/j.bej.2015.07.014
http://dx.doi.org/10.1016/j.bej.2015.07.014
http://dx.doi.org/10.1016/j.bej.2015.07.014
http://dx.doi.org/10.1016/j.bej.2015.07.014
http://dx.doi.org/10.1016/j.bej.2015.07.014
http://dx.doi.org/10.1016/j.bej.2015.07.014
http://dx.doi.org/10.1016/j.bej.2015.07.014
http://dx.doi.org/10.1016/j.bej.2015.07.014
http://dx.doi.org/10.1016/j.bej.2015.07.014
http://dx.doi.org/10.1016/j.bej.2015.07.014
http://dx.doi.org/10.1016/j.bej.2015.07.014
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0290
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0295
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0300
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0305
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0310
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0315
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0320
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0325
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0330
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0335
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0340
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0345
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0350
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0355
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0360
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0365
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0370
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0375
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0380
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0385
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0390
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0395
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0400
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0405
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0410
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0415
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0420
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0425
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0430
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0435
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0440
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0445
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0450
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0455
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0460
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0465
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0470
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0475


5 ineerin

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

0 T. Ma et al. / Biochemical Eng

39] J. Kim, T. Ma,  Regulation of autocrine fibroblast growth factor-2 signaling by
perfusion flow in 3D human mesenchymal stem cell constructs, Biotechnol.
Progr. 28 (2012) 1384–1388.

40] A. Tamura, J. Kobayashi, M.  Yamato, T. Okano, Thermally responsive microcar-
riers with optimal poly (N-isopropylacrylamide) grafted density for facilitating
cell adhesion/detachment in suspension culture, Acta Biomater. 8 (2012)
3904–3913.

41] A. Skardal, S.F. Sarker, A. Crabbé, C.A. Nickerson, G.D. Prestwich, The
generation of 3-D tissue models based on hyaluronan hydrogel-coated micro-
carriers within a rotating wall vessel bioreactor, Biomaterials 31 (2010)
8426–8435.

42] A.W. Nienow, Q.A. Rafiq, K. Coopman, C.J. Hewitt, A potentially scalable method
for the harvesting of hMSCs from microcarriers, Biochem. Eng. J. 85 (2014)
79–88.

43] S. Sart, S.N. Agathos, Y. Li, Engineering stem cell fate with biochemical
and biomechanical properties of microcarriers, Biotechnol. Prog. 29 (2013)
1354–1366.

44] F. Meuwly, P.-A. Ruffieux, A. Kadouri, U. Von Stockar, Packed-bed bioreactors for
mammalian cell culture: bioprocess and biomedical applications, Biotechnol.
Adv. 25 (2007) 45–56.

45] Y. Liu, T. Ma, Metabolic regulation of mesenchymal stem cell in expansion and
therapeutic application, Biotechnol. Prog. 31 (2015) 468–481.

46] S. Sart, T. Ma,  Y. Li, Preconditioning stem cells for in vivo delivery, Biores. Open
Access 3 (2014) 137–149.

47] T.R. Heathman, V.A. Glyn, A. Picken, Q.A. Rafiq, K. Coopman, A.W. Nienow, B.
Kara, C.J. Hewitt, Expansion, harvest and cryopreservation of human mesenchy-
mal  stem cells in a serum-free microcarrier process, Biotechnol. Bioeng. 112
(2015) 1696–1707.

48] B. Cunha, T. Aguiar, M.M.  Silva, R.J. Silva, M.F. Sousa, E. Pineda, C. Peixoto, M.J.
Carrondo, M.  Serra, P.M. Alves, Exploring continuous and integrated strategies
for the up- and downstream processing of human mesenchymal stem cells, J.
Biotechnol. (2015), http://dx.doi.org/10.1016/j.jbiotec.2015.02.023

49] R.M. Samsonraj, B. Rai, P. Sathiyanathan, K.J. Puan, O. Rotzschke, J.H. Hui, M.
Raghunath, L.W. Stanton, V. Nurcombe, S.M. Cool, Establishing criteria for
human mesenchymal stem cell potency, Stem Cells 33 (2015) 1878–1891.

50] A. Banfi, A. Muraglia, B. Dozin, M.  Mastrogiacomo, R. Cancedda, R. Quarto, Prolif-
eration kinetics and differentiation potential of ex vivo expanded human bone
marrow stromal cells: implications for their use in cell therapy, Exp. Hematol.
28 (2000) 707–715.

51] S. Halfon, N. Abramov, B. Grinblat, I. Ginis, Markers distinguishing mesenchy-

mal  stem cells from fibroblasts are downregulated with passaging, Stem Cells
Dev. 20 (2010) 53–66.

52] A. Schellenberg, T. Stiehl, P. Horn, S. Joussen, N. Pallua, A.D. Ho, W.  Wagner,
Population dynamics of mesenchymal stromal cells during culture expansion,
Cytotherapy 14 (2012) 401–411.

[

g Journal 108 (2016) 44–50

53] S. Redaelli, A. Bentivegna, D. Foudah, M.  Miloso, J. Redondo, G. Riva, S.
Baronchelli, L. Dalprà, G. Tredici, From cytogenomic to epigenomic profiles:
monitoring the biologic behavior of in vitro cultured human bone marrow
mesenchymal stem cells, Stem Cell Res. Ther. 3 (2012) 47.

54] M.J. Whitfield, W.C.J. Lee, K.J. Van Vliet, Onset of heterogeneity in culture-
expanded bone marrow stromal cells, Stem Cell Res. 11 (2013) 1365–1377.

55] A. Braccini, D. Wendt, J. Farhadi, S. Schaeren, M.  Heberer, I. Martin, The
osteogenicity of implanted engineered bone constructs is related to the density
of clonogenic bone marrow stromal cells, J. Tissue Eng. Regen. Med. 1 (2007)
60–65.

56] S. Bork, S. Pfister, H. Witt, P. Horn, B. Korn, A.D. Ho, W.  Wagner, DNA  methylation
pattern changes upon long-term culture and aging of human mesenchymal
stromal cells, Aging Cell 9 (2010) 54–63.

57] Y.S. Yoon, A. Wecker, L. Heyd, J.-S. Park, T. Tkebuchava, K. Kusano, A. Hanley,
H. Scadova, G. Qin, D.-H. Cha, Clonally expanded novel multipotent stem cells
from human bone marrow regenerate myocardium after myocardial infarction,
J.  Clin. Invest. 115 (2005) 326.

58] B. Sacchetti, A. Funari, S. Michienzi, S. Di Cesare, S. Piersanti, I. Saggio, E. Tagli-
afico, S. Ferrari, P.G. Robey, M. Riminucci, Self-renewing osteoprogenitors in
bone marrow sinusoids can organize a hematopoietic microenvironment, Cell
131 (2007) 324–336.

59] R.H. Lee, M.J. Seo, A.A. Pulin, C.A. Gregory, J. Ylostalo, D.J. Prockop, The CD34-
like  protein PODXL and �6-integrin (CD49f) identify early progenitor MSCs
with increased clonogenicity and migration to infarcted heart in mice, Blood
113 (2009) 816–826.

60] R.H. Lee, S.C. Hsu, J. Munoz, J.S. Jung, N.R. Lee, R. Pochampally, D.J. Prockop,
A  subset of human rapidly self-renewing marrow stromal cells preferentially
engraft in mice, Blood 107 (2006) 2153–2161.

61] M.W.  Lee, D.S. Kim, S. Ryu, I.K. Jang, H.J. Kim, J.M. Yang, D.-H. Lee, S.H. Lee, M.H.
Son, H.W. Cheuh, Effect of ex vivo culture conditions on immunosuppression
by human mesenchymal stem cells, Biomed. Res. Int. (2013) 2013.

62] K.C. Russell, H.A. Tucker, B.A. Bunnell, M.  Andreeff, W. Schober, A.S. Gaynor,
K.L. Strickler, S. Lin, M.R. Lacey, K.C. O’Connor, Cell-surface expression of
neuron-glial antigen 2 (NG2) and melanoma cell adhesion molecule (CD146)
in  heterogeneous cultures of marrow-derived mesenchymal stem cells, Tissue
Eng. A 19 (2013) 2253–2266.

63] S.V. Boregowda, V. Krishnappa, J.W. Chambers, P.V. Lograsso, W.T. Lai, L.A.
Ortiz, D.G. Phinney, Atmospheric oxygen inhibits growth and differentiation of
marrow-derived mouse mesenchymal stem cells via a p53-dependent mech-
anism: implications for long-term culture expansion, Stem Cells 30 (2012)

975–987.

64] J. Carlos Sepúlveda, M.  Tomé, M.  Eugenia Fernández, M.  Delgado, J. Campisi, A.
Bernad, M.A. González, Cell senescence abrogates the therapeutic potential of
human mesenchymal stem cells in the lethal endotoxemia model, Stem Cells
32  (2014) 1865–1877.

http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0480
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0485
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0490
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0495
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0500
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0520
dx.doi.org/10.1016/j.jbiotec.2015.02.023
dx.doi.org/10.1016/j.jbiotec.2015.02.023
dx.doi.org/10.1016/j.jbiotec.2015.02.023
dx.doi.org/10.1016/j.jbiotec.2015.02.023
dx.doi.org/10.1016/j.jbiotec.2015.02.023
dx.doi.org/10.1016/j.jbiotec.2015.02.023
dx.doi.org/10.1016/j.jbiotec.2015.02.023
dx.doi.org/10.1016/j.jbiotec.2015.02.023
dx.doi.org/10.1016/j.jbiotec.2015.02.023
dx.doi.org/10.1016/j.jbiotec.2015.02.023
dx.doi.org/10.1016/j.jbiotec.2015.02.023
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1505
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1510
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1515
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1520
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1525
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1530
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0535
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0540
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0545
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0550
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref1555
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0560
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0565
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570
http://refhub.elsevier.com/S1369-703X(15)30022-X/sbref0570

	Biomanufacturing of human mesenchymal stem cells in cell therapy: Influence of microenvironment on scalable expansion in b...
	1 Introduction
	2 hMSC expansion and culture-induced changes in clinical applications
	3 Influence of microenvironment on large scale hMSC expansion
	3.1 hMSC in vitro microenvironment and clonogenicity
	3.2 Mechanosensitivity
	3.3 Fluid microenvironment in suspension microcarrier bioreactor

	4 Perspectives
	Appendix A Supplementary data
	References


