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ABSTRACT
Caspase-1 is an inflammatory caspase that is activated

through formation of inflammasome complexes in

response to both pathogen-derived and endogenous

mediators. The most well-known function of active

caspase-1 is to cleave the proforms of inflammatory

cytokines IL-1b and -18 into their active forms in response

to inflammatory stimuli in immune cells. However, recent

evidence suggests that caspase-1 has multiple functions

in addition to this cytokine maturation role and that it is

at the center of many cell responses to stress and

inflammation. The current review focuses on roles for

caspase-1, and the closely related caspase-11, in in-

flammatory forms of cell death and protein cleavage and

also in protein secretion. These alternative caspase-1

functions can influence inflammatory responses, not just

in immune cells but in other cell types, such as epithelia,

where inflammatory cytokine production may not be a

primary cell function. J. Leukoc. Biol.

100: 961–967; 2016.

Introduction

PRRs drive innate immune responses to both pathogen-derived
mediators (PAMPs) during infection, and endogenously gener-
ated mediators (DAMPs) during cell and tissue injury or stress.
Much of the influence of PRRs is exerted through the up-
regulation of expression and the release of inflammatory
cytokines, such as IL-1b, IL-6, and TNFa from innate immune
cells. Several families of PRRs have been identified, and the
discovery and characterization of inflammasome formation by
NLR family members leading to caspase-1 activation was a major
advance in our understanding of the formation, maturation, and
release of inflammatory cytokines IL-1b and -18 [1]. These
findings were obviously exciting to the innate immunity field,
given that IL-1b is such an important inflammatory mediator in
multiple diseases [2].

However, the role of caspase-1 in innate immune responses is
now recognized to be far larger than the cytokine maturation
function originally identified, and there is now increasing
evidence that activation of caspase-1 regulates multiple cellular
functions during stress, even in cell types that do not produce
large amounts of inflammatory cytokine [3, 4]. Caspase-1 is
activated in many nonimmune cell types, such as keratinocytes,
astrocytes, hepatocytes, and cardiomyocytes [4, 5], where IL-1b
and -18 are not produced at a significant level, which suggests
alternative caspase-1 functions. Recent studies have begun to
implicate caspase-1 as a regulator of cellular responses to stress
through the regulation of cytoprotective responses, tissue repair,
and cell death [3, 6, 7] (Fig. 1). This aspect of caspase-1 function
may be especially important in epithelial cells, such as hepato-
cytes, neurons, and cardiomyocytes, where cell and tissue stress
or damage can be the major source for DAMP release within
organs [5, 8]. Caspase-1 in these cell types may therefore be a
critical driver of inflammatory responses to both sterile injury
and infectious stimuli. However, this area of research remains
largely understudied, and the noncytokine-maturation role of
caspase-1 is only beginning to emerge.

INFLAMMASOMES AND
CASPASE ACTIVATION

Inflammasomes are intracellular platforms of proteins that are
formed in response to wide-ranging stimuli and result in the
recruitment of procaspase-1 leading to its subsequent cleavage
into enzymatically active caspase-1 [9]. As caspase-1 is a
proinflammatory caspase, its activity is tightly regulated by signal-
dependent autoactivation within inflammasomes. The exact
nature of the regulation of inflammasome formation and how
inflammasomes are stimulated is a burgeoning area of innate
immune research, particularly given its relevance to the regula-
tion of IL-1b production. Four main inflammasomes have been
identified. They involve the NLR members NLRP1, NLRP3, and
NLRC4, as well as AIM2, a member of the pyrin and PYHIN
family of nucleic acid receptors [9]. Activation of individual
inflammasomes appears to be relatively specific and can be
induced by both PAMPs and DAMPs [10]. NLRP1 and NLRC4

1. Correspondence: Department of Surgery Labs, NW653 MUH, 3459 Fifth
Avenue, Pittsburgh, PA 15213, USA. E-mail: scottm@upmc.edu

Abbreviations: AIM = absent in melanoma, ASC = apoptosis-associated

speck-like protein containing a caspase-recruitment domain, BID = BH3

interacting-domain death agonist, DAMP = damage-associated molecular

pattern, FMF = familial Mediterranean fever, HMGB = high-mobility group

box protein, I/R = ischemia/reperfusion, MAVS = mitochondrial antiviral

signaling protein, NLRC = nod-like receptor family, CARD domain-containing,

(continued on next page)

0741-5400/16/0100-961 © Society for Leukocyte Biology Volume 100, November 2016 Journal of Leukocyte Biology 961

mailto:scottm@upmc.edu


inflammasomes have been shown to be activated only by PAMPs
such as muramyl dipeptide and flagellin, and AIM2 is specifically
activated by double-stranded DNA, which can be endogenous
or pathogen-derived. The NLRP3 inflammasome is particularly
interesting, as it appears to be activated by a wide-range of stimuli
that include both pathogen and endogenous mediators, such
as ROS, mitochondrial DAMPs, and ATP, as well as by crystalline
structures, such as uric acid [11]. A typical inflammasome
contains an NLR and the adaptor protein ASC, which allows
association through CARD-domain interactions with procaspase-1
[12]. Procaspase-1 then undergoes autocleavage to form the
active caspase-1 p10/p20 tetramer [12]. Active caspase-1 is
essential for the proteolytic maturation of pro-IL1b and -18 into
cleaved and active IL-1b and -18.

NONCANONICAL
INFLAMMASOME ACTIVATION

There is emerging evidence that caspase-11, another member of
the family of inflammatory caspases that is very closely related
in structure to caspase-1, mediates the noncanonical activation
of NLRP3 inflammasome and subsequent caspase-1 activation
in response to intracellular LPS [13]. The first evidence was
produced by Wang et al. [14] when they demonstrated an
essential role for caspase-11 in caspase-1 activation after septic
shock in vivo. More recently, Dixit and colleagues [13]
demonstrated that caspase-11 is critical for the noncanonical
activation and processing of caspase-1 and IL-1b production in
macrophages infected with Gram-negative bacteria and certain
pore-forming toxins from organisms such as Escherichia coli,
Citrobacter rodentium, and Vibrio cholera, but not after the
stimulation with ATP or monosodium urate crystals. During the

course of that study it was demonstrated that the available
caspase-12/2 mice actually lack both caspase-1 and -11, because
of a previously unrecognized inactivation mutation of caspase-11
in B129 mice used to generate the knockouts. The proximity of
caspase-1 and -11 in the mouse genome prevented recombina-
tion of functional caspase-11 in the knockout mice when
backcrossed with C57BL/6 mice, which leaves them deficient in
both inflammatory caspases [13]. Much of our current un-
derstanding of the role of caspase-1 hinges on previous studies
performed in what we now know are caspase-1/caspase-11
double-knockout mice, so it may be necessary to re-examine the
functions of both caspase-1 and -11 now that single-mutation
knockout mice are available.

CASPASE-1, AN
INFLAMMATORY EXECUTIONER

Cell death can occur in response to stress through various
pathways that can be either proinflammatory (e.g., pyroptosis
and necrosis) or anti-inflammatory (e.g., apoptosis) [15]. The
enzymatic activity of multiple caspases has been associated with
apoptosis, but caspase-1 has been strongly implicated in an
inflammatory form of cell death termed pyroptosis [15]. The
activation of the inflammasome and caspase-1 has been
associated with pyroptosis of immune cells in particular and is
characterized by swelling and rapid lysis of cells with the
release of the proinflammatory mediators IL-1a and HMGB1
[16–18] (Fig. 1). The release of IL-1a and HMGB1, as well as
the IL-1b already activated in cells such as monocytes, can
subsequently induce a variety of responses, including inflam-
matory cell chemotaxis and further release of proinflammatory
cytokines from immune cells [19]. Pyroptosis as a form of
caspase-1-dependent cell death was first described in macro-
phages after Salmonella infection [20, 21], but more recent
evidence suggests that pyroptosis can be induced by not only
PAMPs, but also DAMPs and ROS [22]. However, it is still
unclear whether this caspase-1-dependent cell death is medi-
ated by caspase-1 itself or by other mediators, including
caspase-11, which has also recently been identified as crucial
to initiation of pyroptosis.
Caspase-11 is known to be involved in TLR4- and caspase-1-

independent macrophage cell death, which plays a significant
role in LPS-induced lethality in vivo [23, 24]. Part of the
mechanism of caspase-11 activation to induce cell death was
demonstrated in a model of Gram negative bacteria, which are
able to escape into the cytosol after uptake by macrophages and
trigger caspase-11-dependent cell death via a TRIF-dependent
pathway leading to IFN-b release and autocrine/paracrine IFN-b
signaling to up-regulate caspase-11 expression [25–27]. Very
recently more of the mechanism behind pyroptosis has been
described. Two groups have independently shown that gasder-
min D, a protein associated with the regulation of epithelial
apoptosis and proliferation, is essential for caspase-11-dependent
pyroptotic cell death and IL-1b maturation in models of
endotoxic shock [28, 29] (Table 1). Another study has also
demonstrated that gasdermin D can be cleaved by caspase-1 [30],
and it may therefore represent a more common pyroptosis
pathway. Similarly, another substrate of caspase-11, pannexin-1,

Figure 1. Noncytokine maturation functions of caspase-1.
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was recently identified by Yang et al. [31] and implicated in
LPS-mediated pyroptosis. Cleavage of pannexin-1 prevents
channel formation and efflux of ATP from cells and thus
prevents the subsequent influx of ATP via P2X7 ATP channels
that mediate pyroptosis in response to cytosolic LPS.
The role of caspase-1 in the induction of another form of

inflammatory cell death, necrosis, has also been investigated in
several studies. Squires et al. [32] have shown that the
impairment of plasma membrane integrity and necrosis can be
triggered by caspase-1 activation in macrophages after anthrax
lethal toxin treatment. However, the cell death triggered by
anthrax lethal toxin is characterized by rapid cell lysis, which is
also a feature of pyroptosis. It is therefore unclear whether in
this instance caspase-1-mediated cell death is through a
distinct pathway leading to necrosis or another example of
pyroptosis. Another study by Motani et al. [33] demonstrated
that caspase-1 promoted ASC-mediated necrotic cell death in
monocytes independently of the proteolytic activity of
caspase-1. This study highlights the potential of caspase-1 to
serve as a molecular determinant of the type of cell death.
Activation of ASC induces necrosis in cells that express
caspase-1, whereas knockdown of caspase-1 results in cell
apoptosis, perhaps suggesting a distinct pathway of cell death
triggered through caspase-1, independent of the catalytic
activity that is required for pyroptosis [34].
It is worth mentioning at this point that caspase-1 and -11

activation in macrophages and monocytes seems to represent a
death knell to these cells. However, this is not necessarily the case
in long-lived parenchymal cells such as hepatocytes. In these
cells, which have important tissue-specific functions that would
be detrimental if grossly interrupted, caspase-1 activation can be
protective and does not result in pyroptosis [3]. Cell type
differences in function of inflammatory mediators such as
caspase-1 will be important to take into consideration before

attempting indiscriminately to block harmful inflammatory
responses throughout an organism.

CASPASE-1 AND APOPTOSIS

Even though caspase-1 is often not associated with inflammatory
cell death in nonmyeloid cells, there are some studies that
suggest in some cases that the activation of caspase-1 can be
associated with apoptotic cell death independent of IL-1b. Zhang
et al. [35] have shown that caspase-1 mediates neuronal cell
death in a model of ischemia/reperfusion (I/R) through
cleavage of BID, a proapoptotic protein, resulting in activation of
the apoptotic caspase cascade (Fig. 1). Another study, involving
serum deprivation of human neurons in vitro, induced caspase-1
activation, which then cleaved and activated caspase-6, an
apoptotic caspase, resulting in downstream apoptosis pathway
activation and cell death [36]. Caspase-11 has also been shown to
cleave procaspase-3, an apoptosis executioner caspase, to activate
apoptosis after ischemic brain injury [37]. Although cleavage
of caspase-3 has been shown in vitro and in the stroke model,
more studies are needed to determine whether caspase-11
has this effect in other immune and nonimmune cell types.
Cardiomyocytes may also be susceptible to caspase-1-mediated

apoptosis in certain in vitro and mouse models. In models of
cardiac I/R, caspase-1 is activated in myeloid cells as well as in
nonmyeloid cells in the heart, including cardiomyocytes,
fibroblasts, and endothelial cells in the peri-infarct region [38,
39]. In these studies activation of caspase-1 via a pathway
involving ATP-mediated inflammasome activation was dependent
on P2X7 receptor was associated with increased cardiomyocyte
cell death after acute ischemia in mice, and this may contribute
to heart failure [38]. Syed et al. [39] also demonstrated that
caspase-1 activation after hypoxia in cultured cardiomyocytes also
leads to cleavage/activation of caspase-3 and subsequent

TABLE 1. Substrates cleaved by caspase-1 and caspase-11

Protein Substrate Cell type Experimental system
Downstream

signaling pathway

Experiments performed
using caspase-1/11

double-knockout mice References

Cas-1 BID Neuron Neuronal I/R Apoptosis Yes [35]
Caspase-3 Cardiomyocyte Hypoxia Apoptosis No [38]
SIRT1 Adipose tissue High-fat diet Insulin secretion No [43]
Glycolysis
enzymes

Macrophage Salmonella infection Glycolysis Yes [41]

MAVS Neuroblast Dengue virus
infection

IFN production No [48]

Pyrin Epithelial
cells/macrophage

Familial
Mediterranean fever

NF-kB activation No [42, 51]

TRIF Macrophage Pseudomonas infection Autophagy/IFN-b
production

Yes [49]

GATA4 cardiomyocyte Doxorubicin
treatment

Cell death Yes [40]

Gasdermin D Macrophage LPS and Nigericin Cell death No [30]
Cas-11 Gasdermin D Epithelial

cells/macrophage
Sepsis/cytosolic LPS pyroptosis No [28, 29]

Pannexin-1 Macrophage Sepsis/cytosolic LPS P2X7-mediated
pyroptosis

No [31]

Caspase-3 Brain tissue Stroke apoptosis No [37]
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apoptosis. Another potential cleavage target for caspase-1 in
cardiomyocytes was identified in another study by Aries et al. [40]
who showed that activation of caspase-1 results in cleavage and
degradation of GATA4, a transcription factor that is necessary for
cardiomyocyte survival. Decreased levels of GATA4 subsequently
sensitize cardiomyocytes to drug-induced cell death, but its role in
other models such as cardiac I/R has not been studied.
Our own research has focused on a role for caspase-1 in

hepatocytes in a model of mild global I/R induced by
hemorrhagic shock in mice. In this cell type, activation of
caspase-1 is essential to prevent hepatocytes from undergoing
apoptosis through the activation of mitochondrial autophagy.
Caspase-1 activation during shock and resuscitation increases
the expression of beclin-1, an important autophagy initiator
protein, and allows the removal of damaged mitochondria to
reduce excessive ROS production [22]. We are still investigating
the exact mechanism involved in caspase-1-mediated beclin-1
expression, but our early data suggest that caspase-1 acts to
prevent beclin-1 cleavage, and this may involve caspase-1-
mediated protection through cleavage of other caspases or
calpains [unpublished results].

CASPASE-1 REGULATION OF
METABOLISM AND INFLAMMATION

As an aspartate-specific cysteine protease, caspase-1 is known to
cleave IL-1b and -18. In addition to this well-established function,
studies have identified multiple other caspase-1 targets, including
proteins involved in energy metabolism and inflammation
[41–43]. Using a proteomic approach, Shao et al. [41] identified
proteins essential for mitochondrial respiration and glycolysis
as potential targets of caspase-1 in their diagonal gel screen.
These included malate dehydrogenase, b subunit precursor of
ATP synthase and several glycolytic enzymes that were further
verified by in vitro caspase cleavage assays. Their experiments
also confirmed that caspase-1 activation after Salmonella infection
leads to the cleavage of the glycolysis enzymes and reduction
of the cellular glycolytic rate in macrophages, a cell type that
largely depends on glycolysis for energy demand [44]. This
regulation of metabolism was suggested to contribute to caspase-
1-dependent cell death [41]. In addition, in a high-fat diet mouse
model, caspase-1 can cleave SIRT1 [43], a histone deacetylase
that promotes insulin secretion by b cells [45] and increases
insulin sensitivity in peripheral tissues [46] (Fig. 1). The
processing of SIRT1 by caspase-1 after the formation of NLRP3
inflammasome results in a reduction of SIRT1 function in cells
[43], providing an explanation for why mice lacking caspase-1 or
NLRP3 are protected from high-fat diet–induced insulin re-
sistance, metabolic dysfunction, and obesity [47]. This role for
caspase-1 in regulating metabolism may turn out to be one of the
most important functions for this inflammatory caspase and
highlights the links between obesity, metabolic dysfunction, and
inflammation.
Catalytic cleavage by caspase-1 also leads to the loss- or gain-of-

function of proteins involved in inflammatory responses, such as
TRIF, MAVS, and pyrin [42,48, 49]. caspase-1 has been shown to
cleave TRIF and diminish TRIF-dependent autophagy and type I
IFN production in macrophages After Pseudomonas aeruginosa

infection [49]. Similarly, Yu et al. [48] demonstrated that
caspase-1 cleaves MAVS at residue D429 after Dengue virus
infection, abolishing its ability to induce IFN production and
therefore restricting inflammatory response after viral infection.
Chae and colleagues [42, 50] suggested pyrin, a protein mutated
in FMF, can be cleaved by caspase-1 at Asp330. In contrast to
the loss of function of MAVS and TRIF after their cleavage by
caspase-1, the processing of pyrin by caspase-1 produced a 330-
residue N-terminal fragment that enhances NF-kB activation
[42]. Moreover, they suggested that pyrin mutants associated
with FMF are more susceptible to catalytic cleavage by caspase-1
than WT pyrin, indicating a possible role for caspase-1 in
promoting inflammation through the NF-kB pathway in the
autoinflammatory disease FMF. Understanding pyrin processing
may also be important for our understanding of other in-
flammatory diseases, not just a relatively rare genetic disease, as
pyrin has been shown to form and inflammasome with ASC to
activate caspase-1 [51]. The regulation of these pathways during
inflammation is therefore likely to be complex and require
specific study. In addition, caspase-1 activation has recently been
shown to trigger the release of eicosanoids through calcium
signaling and activation of cytosolic phospholipase A2, sub-
sequently leading to inflammation and rapid vascular fluid loss
after cytosolic delivery of flagellin [52]. This mechanism
represents yet another means by which caspase-1 rapidly initiates
systemic inflammation.

CASPASE-1 AND PROTEIN SECRETION

There is emerging evidence that associates caspase-1 activation
with unconventional secretion of proteins. Some of those include
substrates of caspase-1, such as pro-IL-1b and -18, components
of the inflammasome such as caspase-1 itself, as well as many
other proteins involved in inflammation, cytoprotection, or tissue
repair [6, 7, 53]. Pro-IL-1b and -18 lack the signaling peptide
necessary for conventional endoplasmic reticulum–to–Golgi
secretion [54, 55]. Instead, their secretion can be mediated by
caspase-1 in addition to other mechanisms, such as exosomal
secretion and pathways involving lysosome exocytosis [7, 56]. In 2
separate models, one following infection by NLRC4-activating
pathogenic bacteria and the other upon the activation of NLRP3
by ATP in LPS-primed macrophages, IL-1b secretion was
dependent on caspase-1 activation [20, 57]. However, in both of
these models IL-1b release is accompanied by cell death, with
cytokine release occurring either at the same time as, or right
before, lysis of the cell. It is therefore unclear whether the
caspase-1-mediated secretion of cytokines is an active and
regulated response or a passive release upon death of the
inflammatory cell; further investigation is needed to resolve this
question. Caspase-1 itself can be released into the extracellular
space through this nonclassic secretion pathway from macro-
phages after stimulation with LPS or from UV-irradiated
keratinocytes [7]. The extracellular function of caspase-1 is still
largely unknown, but one recent study suggests that after its
release from macrophages, procaspase-1 can be further cleaved
and activated by NLRP3 to subsequently induce extracellular
IL-1b maturation, thus perpetuating an inflammatory cascade
during infection [6].
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Caspase-1 also regulates the secretion of other proteins
involved in inflammation and tissue repair and therefore may
play a role in restoring tissue homeostasis after major stress.
Among proteins with caspase-1-regulated secretion, the most
well-studied are IL-1a and RIG-I [6, 53, 58]. IL-1a is constitutively
produced by activated macrophages, as well as by nonimmune
cells such as keratinocytes, and it is known to trigger proin-
flammatory responses [79]. In vitro studies have indicated that
caspase-1 is required for IL-1a secretion after the activation of
NLRP1, NLRP3, AIM2, and NLRC4 inflammasomes [6, 7].
Although IL-1a processing can also be mediated by calpain [60],
Fettelschoss et al. [61] have shown that caspase and calpain-
mediated release are 2 separate mechanisms. Whereas the
expression of cell-surface–associated IL-1a is dependent on
calpain, the release of mature IL-1a requires additional
activation of the inflammasome and caspase-1. Given the
essential role of caspase-1 in mediating IL-1a secretion, it is likely
that caspase-1 serves as an important regulator of IL-1a signaling.
Lee et al. [58] have shown that caspase-1 activation after the
assembly of the NLRP3 inflammasome is able to induce IL-1a
secretion, which results in increased basal keratinocyte pro-
liferation via the IL-1R1 and NF-kB pathways. However, whether
this unconventional secretion pathway for IL-1a requires the
enzymatic activity of caspase-1 remains controversial [6].
RIG-I is a PRR that recognizes nonself (viral) dsRNA [62] and

initiates an antiviral response through the activation of MAVS,
which leads to the production of type 1 IFN [63]. Kim and Yoo
[53] demonstrated that caspase-1 activation mediates RIG-I
secretion, thereby reducing its intracellular level. Therefore,
caspase-1 activation has been thought to be a checkpoint to
prevent overproduction of type 1 IFN through the inhibition of
RIG-I-mediated intracellular signaling activity, thus limiting
inflammation during viral and microbial infection. However,
although it is known that this secretion of RIG-I is independent of
the proteolytic activity of caspase-1, the exact mechanism of the
caspase-1-mediated RIG-I secretion is still not clear. In vivo
studies should be performed to confirm the finding in the
settings of viral infection.
Some other proteins that rely on caspase-1 for secretion

include those involved in regulating the dynamics of the actin
cytoskeleton, including actin interacting protein 1, ARPC1,
EPLIN, and actin-binding protein coronin-3 [7]. It has recently
been shown that caspase-1 mediates extracellular actin exposure
in platelets, which plays an essential role in the release of
procoagulant microparticles [64]. Activation of NLRC4 inflam-
masome is also associated with actin polymerization, which may
serve to limit the uptake of bacteria in a cell and so may help to
regulate pyroptotic cell death [65].

CASPASE-1 AND LYSOSOMAL FUNCTION

Lysosomes are organelles that are responsible for the degrada-
tion of misfolded proteins, engulfed virus, bacteria, and
dysfunctional organelles such as mitochondria [66]. Caspase-1
has been shown to promote lysosomal degradation in macro-
phages after Legionella [67] and Salmonella infections [56].
NLRC4-mediated activation of caspase-1 restricts intracellular
replication of the bacterium after Legionella infection by

promoting the maturation of Legionella-containing phagolyso-
somes and intracellular degradation of Legionella [67]. This effect
is demonstrated to be mediated by caspase-1-dependent caspase-7
activation and is independent of IL-1b and -18 [68]. Caspase-1
activation has also been shown to activate lysosome exocytosis,
another step of the lysosomal degradation process, through
increasing intracellular calcium levels during pyroptosis [56].
Because lysosomal degradation of mitochondria (or mitochon-
drial autophagy) is crucial for mitochondrial quality control under
stress conditions [69], it is of great interest to investigate the
relationship between caspase-1 activation and lysosomal function
after sterile injury. We have found that caspase-1 increases the
degradation of mitochondria through up-regulation of mito-
chondrial autophagy in hepatocytes after sterile injury of
hemorrhagic shock [3]. Therefore, it seems that, in response to
danger signals, whether they are derived from pathogens or cell
damage, caspase-1 protects the host by promoting lysosomal
degradation of pathogens and dysfunctional organelles.

CONCLUDING REMARKS

Caspase-1 is expressed in multiple cell types, including in non-
immune cells, where IL-1b and -18 are not produced at high levels.
Instead, caspase-1 may function to regulate protein secretion, cell
death, and it may also regulate lysosomal function in cell
type–specific ways. These noncytokine maturation roles of caspase-1
may be especially important in nonimmune cells, as they may
serve to restore tissue homeostasis after major stresses, including
infection and sterile injury. Understanding these alternative
functions of capase-1 and its closely related inflammatory caspase,
caspase-11, will be important to any therapies designed to limit
caspase-1 activity and IL-1b-mediated inflammation. It may be that,
to gain improved outcomes in inflammatory diseases, inhibition
of pathways must be targeted to specific cell types.
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45. Biason-Lauber, A., Böni-Schnetzler, M., Hubbard, B. P., Bouzakri, K.,
Brunner, A., Cavelti-Weder, C., Keller, C., Meyer-Böni, M., Meier, D. T.,
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