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Cell-cell contacts are crucial for intercellular cohesion and formation of endothelial and epithelial bar-
riers. Desmosomes are the adhesive contacts providing mechanical strength to epithelial intercellular
adhesion and therefore are most abundant in tissues subjected to high mechanical stress such as the
epidermis and heart muscle. Desmogleins (Dsg) besides intercellular adhesion serve as signalling hubs
regulating cell behaviour. In desmosomal diseases such as the autoimmune blistering skin disease pem-
phigus or arrhythmic cardiomyopathy (AC), which is caused by mutations of desmosomal components
of cardiomyocyte intercalated discs, the adhesive and signalling functions of desmosomes are impaired.
Therefore, our goal is to elucidate the mechanisms regulating adhesion of desmosomes in order to develop
new strategies to treat desmosomal diseases. For pemphigus, we have provided evidence that intracellu-
lar signalling is required for loss of keratinocyte cohesion and have characterized a first disease-relevant
adhesion receptor consisting of Dsg3 and p38MAPK. We propose that signalling patterns correlate with
autoantibody profiles and thereby define the clinical phenotypes of pemphigus. Besides direct modula-
tion of signalling pathways we have demonstrated that peptide-mediated crosslinking of Dsg molecules
can abolish skin blistering in vivo. A similar approach may be effective to stabilize adhesion in cardiomy-
ocytes of AC hearts. Since we observed that the adrenergic 31-receptor is localized at intercalated discs
we evaluate signalling pathways regulating cardiomyocyte cohesion. With adrenergic signalling we have
reported a first mechanism to stabilize desmosomal adhesion in intercalated discs and proposed a new

function of the sympathicus in the heart we refer to as positive adhesiotropy.

© 2018 Elsevier GmbH. All rights reserved.

1. Introduction

Desmosomes besides adherens junctions, are the adhesive con-
tacts providing mechanical coupling of neighboring cells and
have been shown to regulate tissue morphogenesis and function
(Johnson et al., 2014; Rubsam et al., 2017; Waschke, 2008). The
adhesion molecules of desmosomes belong to the cadherin super-
family and are anchored to the intermediate filament cytoskeleton
via adaptor proteins such as plakoglobin (Pg), plakophilin and
desmoplakin. These adaptor proteins organize desmosomes by
forming two electron-dense plaques underneath the cell mem-
brane which render the unique ultrastructural appearance of a
desmosome. In simple epithelia and cardiomyocytes Dsg2 and
desmocollin (Dsc) 2 are expressed as a single pair of desmosomal
cadherins. In contrast, in complex epithelia such as the epidermis
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four Dsg and three Dsc isoforms are expressed in layer-specific
patterns.

There is still matter of debate whether desmosomal cad-
herins predominantly undergo homophilic or heterophilic binding
(Vielmuth et al., 2018a). This can be tested by performing single-
molecule atomic force microscopy (AFM) under cell-free conditions
when interaction of recombinant Dsg isoforms is blocked by spe-
cific inhibitory antibodies. With this approach, in several studies
we have observed Ca%*-dependent homophilic adhesion of Dsg1-3
and Dsc3 (Heupel et al., 2009, 2008; Schlegel et al., 2010; Spindler
etal.,2009,2015,2013; Ungewiss etal.,2018,2017; Vielmuth et al.,
2015a, 2015b, 2018b, 2018c; Walter et al., 2017; Waschke et al.,
2005, 2007) whereas heterophilic binding was detectable between
Dsg1 and Dsc3 (Spindler et al., 2009) and Dsg2 and Dsg3 (Vielmuth
et al., 2018c) only. Besides, the extracellular domain of Dsg2 can
also interact directly with epidermal growth factor receptor (EGFR),
which maybe relevant to shape the function of EGFR from cell pro-
liferation towards cell adhesion (Ungewiss et al., 2018).

Desmosomal diseases are defined by dysfunction of desmo-
somes and comprise pemphigus and arrhythmic cardiomyopathy
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as the most-well entities (Waschke, 2008). Some people may won-
der whether desmosomes are important since they do not exist
in flies. However, as a physician I am convinced that desmosomal
diseases are a good indication that we are not flies and demon-
strate that desmosomes are of biomedical relevance. Desmosomal
diseases are rare but severe. For example, most patients suffering
from pemphigus until the sixties of last century, i.e. until sys-
temic glucocorticoids became available, died within two years.
Until today, therapy is limited to unspecific immunosuppression,
which is accompanied with significant side-effects. Similarly, in
arrhythmogenic cardiomyopathy (AC), young adults and primarily
athletes die from sudden cardiac death due to malign arrhythmia.
Therefore, our goal is to better characterize the adhesive and sig-
nalling functions of desmosomes and to elucidate the mechanisms
regulating adhesion of desmosomes in order to develop new strate-
gies to enhance desmosome function. In the long run, this may
provide the basis for new therapeutic approaches to cure patients
suffering from desmosomal diseases.

We also obtained data indicating that the desmosomal protein
desmoglein 2 (Dsg2) may contribute to the intestinal epithelial bar-
rier dysfunction in Crohn’s disease (Schlegel et al., 2010; Spindler
et al., 2015; Ungewiss et al., 2018, 2017), which is supported by
very recent in vivo studies from another group (Gross et al., 2018).
However, inflammatory bowel diseases are at present not regarded
as desmosomal diseases because their pathogenesis is multifacto-
rial. Therefore, this Mini-Review focuses on approaches to stabilize
desmosomal adhesion in pemphigus and in AC.

2. In pemphigus, autoantibodies interfere with the
adhesive and signaling function of desmosomes

Pemphigus is a model disease to study both mechanisms reg-
ulating the turn-over of desmosomes as well as the pathogenesis
of desmosomal diseases. This is due the fact that skin blistering
in pemphigus, which is mediated by intra-epidermal splitting, is
caused primarily by antibodies against Dsg1 and Dsg3 whereas
the significance of a plethora of other autoantibodies is unclear
yet (Spindler et al., 2018). This is different to most other autoim-
mune diseases where autoantibodies are produced during the
course of the disease but are better regarded as witnesses rather
than drivers of pathogenesis. In pemphigus, there are two main
forms with different clinical phenotype. In pemphigus vulgaris
(PV), which is the more common and more severe form, patients
usually begin with a mucosal-dominant phase which is charac-
terized by autoantibodies (PV-IgG) against Dsg3 and rarely also
Dsc3 (Kasperkiewicz et al., 2017). Later, when the epidermis is
involved also, antibodies against Dsg1 are found also. In pemphi-
gus foliaceus the situation is different since mucous membranes
are not affected and antibodies (PF-IgG) target Dsg1 only. Another
reason why pemphigus is a model disease to study desmosomes
comes from the fact that autoantibodies, which can be puri-
fied easily from patients’ sera, induce pathogenic effects in very
reductive model systems in the absence of immune cells or comple-
ment components. For example, autoantibodies induce structural
alterations of cultured keratinocytes and reduce loss of cell cohe-
sion, the latter of which can be easily quantified by dissociation
assays.

When we started this project, it was mainly believed that anti-
bodies against Dsg1 and Dsg3 interfere with keratinocyte cohesion
mainly by directly inhibiting the trans-interaction of molecules
from neighboring cells. This was the most likely explanation since
Dsg3 was discovered to be the pemphigus antigen (Amagai et al.,
1991). However, signaling in response to autoantibody binding was
detected early, however, the significance of this mechanism for
pemphigus pathogenesis was unknown (Seishima et al., 1995). In

order to keep the set-up simple, we used PF-IgG which target Dsg1
only and measured the effect on homophilic Dsg1 binding by cell-
free AFM. We were very surprised that in contrast to purchased
inhibitory antibodies we were not able to detect direct inhibition
of Dsg1 binding by PF patients’ IgG although antibodies induced
pathogenic effects in cell-culture (Waschke et al., 2005). Later, we
found that direct inhibition of Dsg3 binding is detectable in PV and
may explain the more severe phenotype compared to PF (Heupel
et al., 2008). However, during the last couple of years we observed
that direct inhibition of Dsg binding alone is not sufficient to induce
complete loss of cell cohesion but rather signaling pathways are
required, which in part are regulated by keratin filaments and mod-
ulate the binding properties of Dsg1 and 3 (Vielmuth et al., 2018b,
2018c, 2015b).

Since direct inhibition was not detectable in PF, we focused on
signaling pathways and started with Rho GTPases because we came
from the endothelial field where we found that small GTPases are
the main regulators of the endothelial barrier and are important in
sepsis (Radeva and Waschke, 2018; Schlegel et al., 2009; Spindler
etal.,2010a; Waschke etal.,2004). We established a human ex-vivo
model in our lab and showed that specific activation of RhoA is suf-
ficient to prevent autoantibody-induced blistering (Spindler et al.,
2007; Waschke et al., 2006). Moreover, autoantibodies reduced the
activity of RhoA which was suggesting that Dsg1 and Dsg3 act as
signaling molecules. This event was dependent on p38MAPK, which
had been reported to be an important signaling molecule for pem-
phigus pathogenesis (Berkowitz et al., 2005, 2006). The underlying
mechanism how RhoA regulates desmosome assembly at least in
part appears to involve Rho kinase-mediated phosphorylation of
the actin-binding protein adducin (Rotzer et al., 2014).

However, still the question was how the signal upon antibody-
binding is transferred into the cell? To address this, we used
peptides to specifically interact with Dsg binding (Heupel et al.,
2009). Using a so-called tandem-peptide, which was designed to
cross-link Dsg molecules, we showed that this approach is effec-
tive to abolish skin blistering in a passive immune-transfer mouse
model in vivo (Spindler et al., 2013). Noteworthy, the peptide can
be applied topically as an ointment on the skin and penetrate
the epidermis. With this peptide, we identified a first disease-
relevant adhesion receptor consisting of Dsg3, Dsc3, plakoglobin
and p38MAPK, in which interaction of active p38MAPK increased
upon autoantibody-binding but was reduced by peptide-mediated
crosslinking of Dsg3 (Rotzer et al., 2016; Spindler et al., 2014,
2013). However, since in pemphigus there are several signal-
ing pathways involved, we proposed that signaling pattern exist
which correlate with autoantibody profile and define the dif-
ferent clinical phenotypes in pemphigus (Walter et al,, 2017).
We observed that antibodies from mucosal-dominant PV directed
against Dsg3 activate p38MAPK and Src whereas autoantibod-
ies from cutaneous pemphigus including autoantibodies against
Dsg1 besides p38MAPK activate Erk1 and induce rapid influx of
CaZ*. We now started to evaluate all these signaling pathways
in human skin ex vivo and meanwhile showed that inhibition of
P38MAPK is effective to abrogate blistering in human skin (Egu
et al., 2017). Apparently, human skin more closely reflected the
pemphigus phenotype of patients compared to mouse skin where
selective inactivation of Dsg3 by an autoantibody or by genetic
knock-out can cause blistering (Egu et al., 2017; Rotzer et al.,
2016; Spindler et al., 2013). Another advantage of the human skin
model besides the fact that it reduces the need of animal exper-
iments is that it allows to study the ultrastructural alterations of
desmosomes which have been characterized in detail in lesions
of pemphigus patients (Sokol et al., 2015) and to relate them to
a specific signaling pathway involved in pemphigus pathogene-
sis. By this approach, we demonstrated that p38MAPK regulates
desmosome size, number and keratin filament insertion and sug-
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Fig. 1. In keratinocytes the Dsg3/p38MAPK coordinates desmosomal adhesion with migration.

We propose that in keratinocytes p38MAPK activity is controlled by Dsg3. When intercellular cohesion is intact such as in healthy skin, p38MAPK is kept inactive which
allows stable adhesion of desmosomes. When Dsg3 binding is compromised as in pemphigus or after wounding, desmosomes are destabilized and migration of keratinocytes
is facilitated, both of which is required for would healing and closure of pemphigus skin lesions.

gested that the parameter most closely correlating with blister
formation is the number of desmosomes. We conclude that the
pathogenesis of pemphigus is complex and that autoantibodies
interfere with desmosome turn-over on the level of desmosome
formation as well as by un-coupling of desmosomes from the
intermediate filament cytoskeleton, events which involve a set of
signaling pathways (Spindler et al., 2018; Spindler and Waschke,
2018).

Based on these studies we proposed that desmosomal contacts
orchestrate signaling hubs which regulate assembly and disassem-
bly of desmosomes and thereby control cell cohesion and other
cell type-specific functions (Spindler and Waschke, 2014; Waschke
and Spindler, 2014), which is a key message of this article. These
signaling hubs for instance regulate p38MAPK, Src and PKC. With
this respect, we found that p38MAPK is bound to Dsg3 both within
desmosomes as well as outside of desmosome, i.e. extradesmo-
somal (Hartlieb et al., 2014; Spindler et al.,, 2013). In contrast,
PKC was shown to be recruited to desmosomes specifically via
keratin-mediated sequestration (Kroger et al., 2013) whereas Src
was bound to extradesmosomal Dsg3 only (Rotzer et al., 2015).
In contrast to p38MAPK, which impairs desmosome turn-over by
depletion of Dsg3 and keratin filament retraction (Berkowitz et al.,
2005; Jolly et al., 2010; Spindler et al., 2013), Src appears to be
important for desmosome formation and to form a kind of inter-
mediate complex between AJ] and desmosomes which besides Dsg3
also contains E-cadherin (Rotzer et al., 2015). The latter may also
explain why upon cell contact AJ form first and are required for
desmosome assembly.

The interesting question is why humans need a desmosome dis-
assembly complex including p38MAPK if not only to make us prone
to get pemphigus? This reminded us of a puzzling observation in
Dsg3-k.o. mice which has not been reported before: Dsg3-depleted
mice have pemphigus-like lesions in skin and conjunctiva in which
P38MAPK is activated (Koch et al., 1997; Vielmuth et al., 2016)
and which heal spontaneously with several days (Rotzer et al.,

2016). We found that loss of Dsg3 adhesion facilitates keratinocyte
migration and wound healing and propose that in intact skin, Dsg3
inactivates p38MAPK to stabilize cell cohesion and to suppress
migration. In contrast, after wounding or in pemphigus, loss of Dsg3
adhesion facilitates p38MAPK activation, which destabilizes exist-
ing desmosomes and induces migration, both of which is required
for wound closure (Fig. 1). This may also explain why in PV and PF
the site of cleavage within the epidermis is different. Unfortunately,
this finding also limits the use of an approach to treat pemphigus
patients with already existing blisters by inhibition of p38MAPK
since it may have negative effects on healing of lesions.

3. Adrenergic signaling stabilizes cardiomyocyte cohesion
which we refer to as positive adhesiotropy

ACis arare heart disease manifesting mostly when young adults
and primarily athletes die from sudden cardiac death resulting
from arrhythmia. It is well-established that AC is caused primarily
by mutations in genes coding the desmosomal components of the
intercalated disc (Corrado et al., 2017). As outlined above, our goal
is to characterize AC pathogenesis in order to establish new strate-
gies for therapy. Therefore, we transfer the insights gained from
regulation of desmosomal adhesion in keratinocytes to evaluate
whether compromised cell adhesion as under condition of AC can
be compensated by signaling mechanisms stabilizing cardiomy-
ocyte cohesion. Interestingly, although several signaling pathways
have been shown to be involved in AC pathogenesis (Corrado et al.,
2017), regulation of cardiomyocyte cell-cell adhesion has not been
studied in detail.

Based on the observations that adrenergic signaling can stabi-
lize desmosomal adhesion in keratinocytes and protect epidermis
against pemphigus IgG in mouse skin in vivo (Spindler et al., 2010b)
and the finding that the 31 -adrenergic receptor in cardiomyocytes
is localized in intercalated discs (Schlipp et al., 2014), we worked
on the question whether adrenergic signaling would modulate
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Fig. 2. Positive adhesiotropy stabilizes cardiomyocyte cohesion during adrenergic stimulation.
Adrenergic signaling via PKA-mediated phosphorylation of plakoglobin stabilizes cardiomyocyte cohesion. We believe that this is important to withstand the increased

mechanical load during enhanced cardiac contraction.

cardiomyocyte cohesion. We generated a cardiomyocyte-specific
Pg-deficient AC mouse model in our lab (Schinner et al., 2017),
in which hearts are structurally normal at two weeks but become
dramatically enlarged and fibrotic within 12 weeks. Interestingly,
intercalated discs still formed with the only other component
besides Pg missing was Dsg2 suggesting that Pg may be especially
important toregulate Dsg2 turnover. We tested adult hearts by Lan-
gendorff perfusion where mutants in contrast to wild-type hearts
upon adrenergic signaling failed to display a positive inotropic
and chronotropic response. Rather, intercalated discs were rup-
tured after the adrenergic challenge suggesting that enhanced
or at least intact cardiomyocyte cohesion was required to with-
stand the mechanical load induced by cardiomyocyte contraction.
Indeed, adrenergic signaling enhanced cardiomyocyte cohesion
and recruited Dsg2-specific binding events as to cell borders as
revealed by AFM. We refer to this new function of the sympathi-
cus in the heart as positive adhesiotropy (Schinner et al., 2017) and
found that the response is dependent on Pg. As part of this mecha-
nism, PKA directly phosphorylates Pg at S665 which appears to be
required to increase adhesion (Fig. 2).

In summary, for establishment of new therapeutic strategies to
treat desmosomal diseases it is required to delineate the cell-type
specific functions of the desmosomal contacts related to both adhe-
sion and signaling regulation in order to restore or at least enhance
desmosome function. Based on our results it seems to be at least
possible that these strategies may involve peptide-mediated Dsg
crosslinking or signaling pathways which strengthen adhesion of
desmosomes. However, this still is a long road to go and many
additional studies would be required to test feasibility and efficacy
before any recommendations can be made to treat patients.

Acknowledgements

At the XXVIInternational Symposium of Morphological Sciences
(ISMS) 2018, held in Prague from July 5-7, 2018, it was my huge
honor and great pleasure to deliver the 11th lecture of the European
Federation for Experimental Morphology (EFEM). The theme of the
symposium was “From molecule to organ in the heart of Europe”.
In this article, I outlined the main thoughts of the lecture. In all our
projects we study the interplay between cell cohesion and signaling
and have a strong medical focus on the pathogenesis of diseases
during which cadherin-mediated adhesion is impaired. However,

in this lecture I focused on two projects related to desmosomal
diseases.

Herewith, I would like to thank all present and former members
of my group and all collaboration partners, who contributed most
of the data reported and discussed here. First of all, I thank Volker
Spindler, who has significantly contributed to our projects for many
years and now is a professor for anatomy in Basel, Switzerland,
and also Franziska Vielmuth, who meanwhile is a long-standing
co-worker of mine. Other data discussed in this article were from
the doctoral theses and post-doctoral research of Paola Brugge-
man, Moritz Heupel, Eva Arnold (née Hartlieb), Vera R6tzer, Camilla
Schinner, Elias Walter, Desalegn Tadesse Egu, and Hanna Ungewiss.
Moreover, I would like to acknowledge Mariya Radeva and Daniela
Kugelmann, who supported these projects with their expertise. The
projects were funded via several projects by the DFG including the
SPP 1782 and FOR 2497.

References

Amagai, M., Klaus-Kovtun, V., Stanley, J.R., 1991. Autoantibodies against a novel
epithelial cadherin in pemphigus vulgaris, a disease of cell adhesion. Cell 67,
869-877.

Berkowitz, P., Hu, P., Liu, Z., Diaz, L.A., Enghild, ].J., Chua, M.P., Rubenstein, D.S., 2005.
Desmosome signaling. Inhibition of pP38MAPK prevents pemphigus vulgaris IgG-
induced cytoskeleton reorganization. J. Biol. Chem. 280, 23778-23784.

Berkowitz, P, Hu, P., Warren, S., Liu, Z., Diaz, L.A., Rubenstein, D.S., 2006. p38MAPK
inhibition prevents disease in pemphigus vulgaris mice. Proc. Natl. Acad. Sci. U.
S.A. 103, 12855-12860.

Corrado, D., Link, M.S., Calkins, H.,2017. Arrhythmogenic right ventricular cardiomy-
opathy. N. Engl. J. Med. 376, 1489-1490.

Egu, D.T., Walter, E., Spindler, V., Waschke, ]., 2017. Inhibition of p38MAPK sig-
nalling prevents epidermal blistering and alterations of desmosome structure
induced by pemphigus autoantibodies in human epidermis. Br. J. Dermatol. 177,
1612-1618.

Gross, A., Pack, L.A.P., Schacht, G.M,, Kant, S., Ungewiss, H., Meir, M., Schlegel, N.,
Preisinger, C., Boor, P., Guldiken, N., Krusche, C.A., Sellge, G., Trautwein, C.,
Waschke, J., Heuser, A., Leube, RE., Strnad, P., 2018. Desmoglein 2, but not
desmocollin 2, protects intestinal epithelia from injury. Mucosal Immunol.

Hartlieb, E., Rotzer, V., Radeva, M., Spindler, V., Waschke, J., 2014. Desmoglein 2
compensates for desmoglein 3 but does not control cell adhesion via regulation
of p38 mitogen-activated protein kinase in keratinocytes. ]J. Biol. Chem. 289,
17043-17053.

Heupel, W.M., Muller, T., Efthymiadis, A., Schmidt, E., Drenckhahn, D., Waschke,
J., 2009. Peptides targeting the desmoglein 3 adhesive interface pre-
vent autoantibody-induced acantholysis in pemphigus. ]. Biol. Chem. 284,
8589-8595.

Heupel, W.M,, Zillikens, D., Drenckhahn, D., Waschke, J., 2008. Pemphigus vulgaris
IgG directly inhibit desmoglein 3-mediated transinteraction. J. Immunol. 181,
1825-1834.


http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0005
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0010
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0015
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0020
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0025
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0030
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0035
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0040
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0045

100 J. Waschke / Annals of Anatomy 226 (2019) 96-100

Johnson, J.L,, Najor, N.A,, Green, KJ., 2014. Desmosomes: regulators of cellular sig-
naling and adhesion in epidermal health and disease. Cold Spring Harb. Perspect.
Med. 4, a015297.

Jolly, P.S., Berkowitz, P., Bektas, M., Lee, H.E., Chua, M., Diaz, L.A., Rubenstein, D.S.,
2010. p38MAPK signaling and desmoglein-3 internalization are linked events in
pemphigus acantholysis. J. Biol. Chem. 285, 8936-8941.

Kasperkiewicz, M., Ellebrecht, C.T., Takahashi, H., Yamagami, J., Zillikens, D., Payne,
A.S., Amagai, M., 2017. Pemphigus. Nat. Rev. Dis. Primers 3, 17026.

Koch, PJ., Mahoney, M.G., Ishikawa, H., Pulkkinen, L., Uitto, ]., Shultz, L., Murphy,
G.F.,, Whitaker-Menezes, D., Stanley, J.R., 1997. Targeted disruption of the pem-
phigus vulgaris antigen (desmoglein 3) gene in mice causes loss of keratinocyte
cell adhesion with a phenotype similar to pemphigus vulgaris. J. Cell Biol. 137,
1091-1102.

Kroger, C., Loschke, F., Schwarz, N., Windoffer, R., Leube, R.E., Magin, T.M., 2013. Ker-
atins control intercellular adhesion involving PKC-alpha-mediated desmoplakin
phosphorylation. J. Cell Biol. 201, 681-692.

Radeva, M.Y., Waschke, J., 2018. Mind the gap: mechanisms regulating the endothe-
lial barrier. Acta Physiol. (Oxf) 222.

Rotzer, V., Breit, A., Waschke, J., Spindler, V., 2014. Adducin is required for desmo-
somal cohesion in keratinocytes. J. Biol. Chem. 289, 14925-14940.

Rotzer, V., Hartlieb, E., Vielmuth, F., Gliem, M., Spindler, V., Waschke, ]., 2015.
E-cadherin and Src associate with extradesmosomal Dsg3 and modulate desmo-
some assembly and adhesion. Cell. Mol. Life Sci. CMLS 72, 4885-4897.

Rotzer, V., Hartlieb, E., Winkler, J., Walter, E., Schlipp, A., Sardy, M., Spindler, V.,
Waschke, J., 2016. Desmoglein 3-dependent signaling regulates keratinocyte
migration and wound healing. J. Invest. Dermatol. 136, 301-310.

Rubsam, M., Broussard, J.A., Wickstrom, S.A., Nekrasova, O., Green, K.J., Niessen, C.M.,
2017. Adherens junctions and desmosomes coordinate mechanics and signaling
to orchestrate tissue morphogenesis and function: an evolutionary perspective.
Cold Spring Harb. Perspect. Biol.

Schinner, C., Vielmuth, F., Rotzer, V., Hiermaier, M., Radeva, M.Y., Co, T.K., Hartlieb, E.,
Schmidt, A., Imhof, A., Messoudi, A., Horn, A., Schlipp, A., Spindler, V., Waschke,
J., 2017. Adrenergic signaling strengthens cardiac myocyte cohesion. Circ. Res.
120, 1305-1317.

Schlegel, N., Baumer, Y., Drenckhahn, D., Waschke, J., 2009. Lipopolysaccharide-
induced endothelial barrier breakdown is cyclic adenosine monophosphate
dependent in vivo and in vitro. Crit. Care Med. 37, 1735-1743.

Schlegel, N., Meir, M., Heupel, W.M., Holthofer, B., Leube, R.E., Waschke, ]J., 2010.
Desmoglein 2-mediated adhesion is required for intestinal epithelial barrier
integrity. Am. J. Physiol. Gastrointest. Liver Physiol. 298, G774-G783.

Schlipp, A., Schinner, C., Spindler, V., Vielmuth, F., Gehmlich, K., Syrris, P., McKenna,
W.J., Dendorfer, A., Hartlieb, E., Waschke, ]., 2014. Desmoglein-2 interaction is
crucial for cardiomyocyte cohesion and function. Cardiovasc. Res. 104, 245-257.

Seishima, M., Esaki, C., Osada, K., Mori, S., Hashimoto, T., Kitajima, Y., 1995. Pem-
phigus IgG, but not bullous pemphigoid IgG, causes a transient increase in
intracellular calcium and inositol 1,4,5-triphosphate in DJM-1 cells, a squamous
cell carcinoma line. J. Invest. Dermatol. 104, 33-37.

Sokol, E., Kramer, D., Diercks, G.F.H., Kuipers, J., Jonkman, M.F., Pas, H.H., Giepmans,
B.N.G., 2015. Large-scale electron microscopy maps of patient skin and mucosa
provide insight into pathogenesis of blistering diseases. J. Invest. Dermatol. 135,
1763-1770.

Spindler, V., Dehner, C., Hubner, S., Waschke, ]J., 2014. Plakoglobin but not desmo-
plakin regulates keratinocyte cohesion via modulation of p38MAPK signaling. J.
Invest. Dermatol. 134, 1655-1664.

Spindler, V., Drenckhahn, D., Zillikens, D., Waschke, ]., 2007. Pemphigus IgG causes
skin splitting in the presence of both desmoglein 1 and desmoglein 3. Am. J.
Pathol. 171, 906-916.

Spindler, V., Eming, R., Schmidt, E., Amagai, M., Grando, S., Jonkman, M.F., Kowalczyk,
A.P., Muller, EJ., Payne, A.S., Pincelli, C., Sinha, A.A., Sprecher, E., Zillikens, D.,
Hertl, M., Waschke, J., 2018. Mechanisms causing loss of keratinocyte cohesion
in pemphigus. J. Invest. Dermatol. 138, 32-37.

Spindler, V., Heupel, W.M., Efthymiadis, A., Schmidt, E., Eming, R., Rankl, C., Hinter-
dorfer, P., Muller, T., Drenckhahn, D., Waschke, J., 2009. Desmocollin 3-mediated
binding is crucial for keratinocyte cohesion and is impaired in pemphigus. J. Biol.
Chem. 284, 30556-30564.

Spindler, V., Meir, M., Vigh, B., Flemming, S., Hutz, K., Germer, C.T., Waschke, ]J.,
Schlegel, N., 2015. Loss of desmoglein 2 contributes to the pathogenesis of
Crohn'’s disease. Inflamm. Bowel Dis.

Spindler, V., Rotzer, V., Dehner, C., Kempf, B., Gliem, M., Radeva, M., Hartlieb, E.,
Harms, G.S., Schmidt, E., Waschke, J., 2013. Peptide-mediated desmoglein 3
crosslinking prevents pemphigus vulgaris autoantibody-induced skin blistering.
J. Clin. Invest. 123, 800-811.

Spindler, V., Schlegel, N., Waschke, J., 2010a. Role of GTPases in control of microvas-
cular permeability. Cardiovasc. Res. 87, 243-253.

Spindler, V., Vielmuth, F., Schmidt, E., Rubenstein, D.S., Waschke, ]., 2010b. Pro-
tective endogenous cyclic adenosine 5'-monophosphate signaling triggered by
pemphigus autoantibodies. J. Immunol. 185, 6831-6838.

Spindler, V., Waschke, J., 2014. Desmosomal cadherins and signaling: lessons from
autoimmune disease. Cell Commun. Adhes. 21, 77-84.

Spindler, V., Waschke, J., 2018. Pemphigus—a disease of desmosome dysfunction
caused by multiple mechanisms. Front. Immunol. 9, 136.

Ungewiss, H., Rotzer, V., Meir, M., Fey, C., Diefenbacher, M., Schlegel, N., Waschke,
J., 2018. Dsg2 via Src-mediated transactivation shapes EGFR signaling towards
cell adhesion. Cell. Mol. Life Sci. CMLS.

Ungewiss, H., Vielmuth, F., Suzuki, S.T., Maiser, A., Harz, H., Leonhardt, H., Kugel-
mann, D., Schlegel, N., Waschke, J., 2017. Desmoglein 2 regulates the intestinal
epithelial barrier via p38 mitogen-activated protein kinase. Sci. Rep. 7, 6329.

Vielmuth, F., Hartlieb, E., Kugelmann, D., Waschke, ]., Spindler, V., 2015a. Atomic
force microscopy identifies regions of distinct desmoglein 3 adhesive properties
on living keratinocytes. Nanomed. Nanotechnol. Biol. Med. 11, 511-520.

Vielmuth, F., Waschke, ]., Spindler, V., 2015b. Loss of desmoglein binding is not
sufficient for keratinocyte dissociation in pemphigus. J. Invest. Dermatol. 135,
3068-3077.

Vielmuth, F., Rotzer, V., Hartlieb, E., Hirneiss, C., Waschke, ]J., Spindler, V., 2016.
Pemphigus autoantibodies induce blistering in human conjunctiva. Invest. Oph-
thalmol. Vis. Sci. 57, 4442-4449.

Vielmuth, F., Spindler, V., Waschke, J., 2018a. Atomic force microscopy provides
new mechanistic insights into the pathogenesis of pemphigus. Front. Immunol.
9, 485.

Vielmuth, F.,, Walter, E., Fuchs, M., Radeva, M.Y., Buechau, F., Magin, T.M., Spindler, V.,
Waschke, J., 2018b. Keratins regulate p38MAPK-dependent desmoglein binding
properties in pemphigus. Front. Immunol. 9, 528.

Vielmuth, F., Wanuske, M.T., Radeva, M.Y., Hiermaier, M., Kugelmann, D., Walter,
E., Buechau, F., Magin, T.M., Waschke, ]., Spindler, V., 2018c. Keratins regulate
the adhesive properties of desmosomal cadherins through signaling. J. Invest.
Dermatol. 138, 121-131.

Walter, E., Vielmuth, F., Rotkopf, L., Sardy, M., Horvath, O.N., Goebeler, M., Schmidt, E.,
Eming, R., Hertl, M., Spindler, V., Waschke, J., 2017. Different signaling patterns
contribute to loss of keratinocyte cohesion dependent on autoantibody profile
in pemphigus. Sci. Rep. 7, 3579.

Waschke, J., 2008. The desmosome and pemphigus. Histochem. Cell Biol. 130, 21-54.

Waschke, J., Baumgartner, W., Adamson, R.H., Zeng, M., Aktories, K., Barth, H., Wilde,
C., Curry, F.E., Drenckhahn, D.,2004. Requirement of Rac activity for maintenance
of capillary endothelial barrier properties. Am. J. Physiol. Heart Circ. Physiol. 286,
H394-401.

Waschke, J., Bruggeman, P., Baumgartner, W., Zillikens, D., Drenckhahn, D., 2005.
Pemphigus foliaceus IgG causes dissociation of desmoglein 1-containing junc-
tions without blocking desmoglein 1 transinteraction. J. Clin. Invest. 115,
3157-3165.

Waschke, J., Menendez-Castro, C., Bruggeman, P., Koob, R., Amagai, M., Gruber,
H.J., Drenckhahn, D., Baumgartner, W., 2007. Imaging and force spectroscopy
on desmoglein 1 using atomic force microscopy reveal multivalent Ca(2+)-
dependent, low-affinity trans-interaction. J. Membr. Biol. 216, 83-92.

Waschke, |., Spindler, V., 2014. Desmosomes and extradesmosomal adhesive signal-
ing contacts in pemphigus. Med. Res. Rev. 34, 1127-1145.

Waschke, J., Spindler, V., Bruggeman, P., Zillikens, D., Schmidt, G., Drenckhahn, D.,
2006. Inhibition of Rho A activity causes pemphigus skin blistering. J. Cell Biol.
175, 721-727.


http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0050
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0055
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0060
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0065
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0070
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0075
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0080
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0085
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0090
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0095
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0100
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0105
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0110
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0115
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0120
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0125
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0130
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0135
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0140
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0145
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0150
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0155
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0160
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0165
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0170
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0175
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0180
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0185
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0190
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0195
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0200
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0205
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0210
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0215
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0220
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0225
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0230
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0235
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0240
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0245
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250
http://refhub.elsevier.com/S0940-9602(18)30156-0/sbref0250

	Desmogleins as signaling hubs regulating cell cohesion and tissue/organ function in skin and heart — EFEM lecture 2018
	1 Introduction
	2 In pemphigus, autoantibodies interfere with the adhesive and signaling function of desmosomes
	3 Adrenergic signaling stabilizes cardiomyocyte cohesion which we refer to as positive adhesiotropy
	Acknowledgements
	References


