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The Most Widespread Desmosomal Cadherin,
Desmoglein 2, Is a Novel Target of Caspase
3-Mediated Apoptotic Machinery
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Abstract Apoptotic cells are known to regulate the ordered dismantling of intercellular contacts through caspase
activity. Despite the important role of desmoglein (Dsg) 2 in epithelial cell-cell adhesion, the fate of this widespread
desmosomal cadherin during apoptosis is yet poorly understood. Here, by means of pharmacological approaches, we
investigated whether Dsg2 was targeted by caspases in HaCaT and HT-29 cell lines undergoing staurosporine (STS)-
induced apoptosis. Results showed that STS induced a caspase-dependent form of cell-death in both keratinocytes
(HaCaT) and enterocytes (HT-29), that associated with progressive depletion of Dsg2 from cell lysates. The proteolytic
processing of full-length Dsg2 resulted in the appearance of a 70-kDa fragment which was released into the cytosol.
Consistently, immunofluorescence studies revealed that Dsg2 staining was abolished from cell surface whereas the
cytoplasmic region of Dsg2 did localize intracellularly. Plakoglobin (Pg) also underwent cleavage and detached from
Dsg2. Apoptotic changes paralleled with progressive loss of intercellular adhesion strength. All these biochemical,
morphological, and functional changes were regulated by caspase 3. Indeed, in the presence of the caspase 3-inhibitor z-
DEVD-fmk, full-length Dsg2 protein levels were preserved, whereas the amount of the 70-kDa fragment was maintained
on control levels. Furthermore, cells pretreated with z-DEVD-fmk retained the membrane labeling of Dsg2. Taken
together, our data demonstrate that the apoptotic processing of Dsg2 is mediated by caspase 3 in epithelial cells. J. Cell.
Biochem. 103: 598-606, 2008. © 2007 Wiley-Liss, Inc.
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Desmosomes play an important role in
cell adhesion and maintenance of tissue archi-
tecture within epithelia and a small number
of other tissues [Schwarz et al., 1990]. The
desmosomal cadherins, transmembrane pro-
tein components of desmosomes, mediate adhe-
sion through calcium-dependent homophilic/
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heterophilic interactions [Garrod et al., 2002].
The human desmosomal cadherins’ family
includes four desmogleins (Dsgl-4) and three
desmocollins (Dsc1-3), which are expressed in a
cell-type and differentiation-specific manner
[King et al., 1997; Kljuic et al., 2003]. Dsg2
is the most widespread Dsg, as it is found in
all desmosome-assembling tissues including
epidermis, gastrointestinal mucosa, heart, and
meninges [Schafer et al., 1996]. Some tissues,
for example, simple epithelia, express Dsg2
and Dsc2 only. Dsg2 is also the unique Dsg
endogenously expressed at high levels by sev-
eral tumor cell lines [Chitaev and Troyanovsky,
1997].

The crucial role of Dsg2 in development and
disease is well established. Mice lacking Dsg2
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are unviable, as Dsg2-/- mouse embryos die
after implantation [Eshkind et al., 2002].
Mutations in DSG2 gene cause arrhythmogenic
right-ventricular dysplasia, a heritable form
of cardiomyopathy characterized by right-
ventricular dysfunction and life-threatening
ventricular arrhythmias [Awad et al., 2006].
Abnormal expression of Dsg2 associates to
several types of carcinoma, such as gastric and
skin cancers [Kurzen et al., 2003; Biedermann
et al., 2005].

Programmed cell-death [Lockshin and
Williams, 1965] or apoptosis [Kerr et al., 1972],
is a genetically regulated process of programmed
cell suicide. A dysfunctional apoptotic system
can lead to either excessive removal or prolonged
survival of cells. Hence, abnormalities in the
apoptotic machinery can cause diseases such as
cancer [Strasser et al., 1990], promote auto-
immunity [Beutler, 2001], and induce tissue-
specific disorders [Kaplan, 2004]. Apoptotic cells
are characterized by a number of morphological
criteria including cell shrinkage, alterations in
nuclear morphology, maintenance of membrane
integrity, and formation of apoptotic bodies
[Saraste and Pulkki, 2000; Hengartner, 2000].
Generally, these events are believed to be medi-
ated by the activation of a family of proteases
named caspases [Thornberry and Lazebnik,
1998]. The biochemical features observed during
this form of cell-death are dependent on caspase
activation and cleavage of specific cellular pro-
teins or “death” substrates within the cell
[Hengartner, 2000]. Of these, many are desmoso-
mal proteins, including Dsgl [Lanza and Cirillo,
2007], Dsg3, Dsc3, desmoplakin (Dpk) I and II,
plakophilin (Pkp)-1 [Weiske et al., 2001], and
plakoglobin (Pg) [Brancolini et al., 1998]. This
probably means that cells undergoing apoptosis
must disrupt intercellular contacts by triggering
the ordered dismantling of cell adhesion struc-
tures. However, recent papers suggest that these
events can occur independently of caspase activ-
ity, in particular when apoptosis is induced by
chemicals such as staurosporine (STS) and
cisplatin [Cummings et al., 2004].

So far, the most widespread desmosomal
cadherin Dsg2 has not been investigated as a
potential target of caspases, although it repre-
sents the sole Dsg expressed at high levels in
both stratified and simple epithelia. Here, we
first assessed whether STS-induced apoptosis
works through caspase-dependent mecha-
nisms. Then, we presented an analysis of

the apoptotic changes affecting Dsg2 in both
keratinocytes and enterocytes.

MATERIALS AND METHODS
Antibodies and Reagents

Rabbit anti-Dsg2 H-145 antibodies against
the cytoplasmic domain of Dsg2, the E8A mouse
monoclonal antibody against the extracellular
domain of Dsg2, K-20 goat IgG to gamma-
catenin (Pg), and HRP-conjugated anti-rabbit
and anti-mouse antibodies were from Santa
Cruz Biotecnology (Santa Cruz, CA). FITC-
conjugated anti-rabbit IgG antibodies were
from DAKO (Dako Denmark A/S). Nitrocellu-
lose filters were purchased from Invitrogen
(Carlsbad, CA); ECL chemiluminescent immu-
nodetection system and Hyperfilms were from
Amersham (Buckinghamshire, UK). Caspase
inhibitors Z-VAD-fmk and Z-DEVD-fmk were
from Calbiochem (Darmstadt, Germany); ST'S,
DAPI, and cell culture reagents and media were
from Sigma (St. Louis, MO), except keratinocyte
growth medium (KGM), purchased from Gibco
BRL (Gaithersburg, MD).

Figures shown in the present paper were
representative of at least two independent
experiments.

Cell Cultures and Treatments

For our experiments, we used the HT-29
human adenocarcinoma cell line and HaCaT
cells, a nontumorigenic human keratinocyte
cell line. Keratinocytes were maintained in
serum-free KAD medium [Cirillo et al., 2007]
while HT-29 were grown in McCoy’s medium
plus 10% FBS, both subblemented with pen-
icillin (50 U/ml), streptomycin (50 ug/ml), and
fungizone (2.5 pg/ml) in a 5% CO; humidified
atmosphere. At the time of the experiment, cells
were seeded and grown for 3 days in 6-well
dishes. Apoptosis was induced by addition of
1 uM STS in DMSO. For inhibitor studies, cells
were preincubated for 30 min with 50 pM
caspase inhibitors.

Protein Extraction, Western Blotting, and
Immunoprecipitation

Adherent cells were rinsed with complete
PBS and scraped in PBS containing the
protease inhibitor phenylmethylsulfonylfluor-
ide (PMSF) at 1 mM. Pellets obtained after
centrifugation (800g for 10 min) at 4°C were
suspended in Cirillo’s high salt—urea (C-HSU)
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buffer (50 mM HEPES, 800 mM NaCl, 6 M urea,
0,2% Triton X-100, 1 mM DTT, 1 mM PMSF,
10 pg/ml leupeptin, and 10 pg/ml aprotinine)
and stored as whole cell lysates [Cirillo et al.,
2007]. In some experiments, cells were sub-
jected to sequential protein extraction, as
detailed elsewhere [Lanza et al., 2006].

Protein concentration of samples was deter-
mined using Bradford colorimetric assay (Bio-
Rad, Richmond, CA). For each lane, 50 ug
protein mixed with 4x SDS sample buffer
were separated by 8% SDS-—polyacrylamide
gel electrophoresis (PAGE), transferred over-
night onto nitrocellulose membranes and
Western blotting was carried out according
to standard procedures [Lanza et al., 2006].
Densitometry values, shown as a mean of
independent experiments, were obtained by
comparing band intensity with control Dsg2
protein levels (1) after normalization with
B-actin as a control.

To immunoprecipitate cytosolic and mem-
brane extracts we followed the procedures
reported by us previously [Lanza et al., 2006].

Immunofluorescence Microscopy

For immunofluorescence studies, we followed
methods published by us previously [Cirillo
et al., 2006]. Cells were grown on glass cover-
slips and treated with 1 uM STS for 6 h. After
washing with PBS, cells were fixed and per-
meabilized in 4% paraformaldehyde plus 0.1%
Triton X-100 for 10 min on ice and then washed
three times in PBS containing 2% BSA to block
nonspecific sites. Samples were then incubated
with the appropriate primary antibody (1:10)
for 1 h on ice, washed in BSA/PBS, and finally
exposed to specie—specific antibodies (1:100)
conjugated to FITC.

Specimens were examined with a Zeiss
Axiophot microscope (Calr Zeiss, Inc., Thorn-
wood, NY) at X 400 magnification and fluores-
cence images were acquired with an Evolution
VF fast digital camera (MediaCybernetics,
Marlow, UK).

Quantitation of Apoptosis

Apoptosis was assessed by nuclear morphology
analysis according to the procedures reported
previously [Dusek et al, 2006], with some
modifications. Briefly, HaCaT or HT-29 floating
or adherent cells were collected 24 h after treat-
ment with STS and fixed in 4% formaldehyde
solution for 10 min. Cells were then washed in

PBS and stained with the nuclear dye DAPI (2 ug/
ml) for 20 min. Condensed/fragmented appear-
ance of nuclear morphology (at least 100 nuclei for
sample) was examined by immunofluorescence
microscopy with an excitation wavelength of
355—425 nm. Apoptotic nuclei were scored
based on the appearance of at least one
of three different morphologies: chromatin
condensation = chromatin margination without
nuclear condensation; nuclear fragmentation
= chromatin margination with nuclear condensa-
tion; nuclear condensation = nuclear condensa-
tion without chromatin margination. The percent
cell-death in each sample was calculated based on
the following formula: number of apoptotic nuclei/
(number of normal nuclei + number of apoptotic
nuclei) x 100. Each experiment was performed in
triplicate.

Quantitation of Cell-Cell Adhesion

Morphometric analysis of cell-cell
detachment. The extent of cell detachment
in cell monolayers was measured by modifying
previously published protocols [Arredondo
et al., 2005]. Cells were subjected to immuno-
fluorescence procedures and the images of 10
representative  microscopic  fields were
recorded. The percentage of acantholysis in
each field observed by immunofluorescence
was computed (Adobe Photoshop) by subtract-
ing the percentage of the area covered by the
cells from the total areas of the microscopic field,
taken as 100%.

Cell dissociation assay. Dispase-based dis-
sociation assay was carried out following stand-
ard procedures [Cirillo et al., 2007]. Briefly, cells
were exposed to STS for 12 h with or without
caspase inhibitors, then media were removed and
cells washed three times in PBS. To release
monolayers from substrate, both HT-29 and
HaCaT were incubated for 1 h in 0.25% dispase.
Epithelial sheets were transferred to 15 ml conical
tubes containing 4 ml PBS and subjected to
mechanical stress by turning tubes upside down
20 times. Cells were returned to Petri dishes and
the degree of fragmentation was estimated by
counting particles of more than 3 mm.

RESULTS

Staurosporine Induces Apoptosis Through
Caspase-Dependent Mechanisms

Although STS is a well-known apoptosis
inducer, we tested optimal conditions in pilot
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assays and then incubated cells with 1 uM STS.
Changes in morphology, detachment from the
substrate, and nuclear condensation (Fig. 1a)
demonstrated that keratinocytes responded to
the apoptotic stimulus. These findings were also
observed and quantified in the HT-29 cell line
(Fig. 1b), confirming that induction of apoptosis
by STS is not dependent on a specific epithelial
cell line. To investigate whether STS-induced
cell-death works through activation of caspases
in both HaCaT and HT-29, cells were preincu-
bated with the broad caspase inhibitor Z-VAD-
fmk. Nuclear condensation was observed in
about 70% keratinocytes and 50% enterocytes
12 h after treatment with STS. Conversely,
pretreatment with Z-VAD-fmk dropped the
amount of apoptotic cells to rates comparable
with controls (Fig. 1).
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Fig. 1. Induction of apoptosis by staurosporine (STS) (a) Within
12 h after treatment with STS, keratinocytes displayed dramatic
alterations in both cell and nuclear morphology. As assessed by
Dsg3 staining, STS-treated keratinocytes underwent cell shrink-
age, changes in cell shape, and ultimately detached from
the substrate. These alterations associated with nuclear con-
densation and fragmentation. These changes were markedly
reduced in the presence of the general caspase inhibitor z-VAD-
fmk. b: For quantitation of apoptosis, nuclei of both floating and
adherent cells previously treated with 1 uM STS were scored for
their condensed/fragmented appearance. Both keratinocytes
(HaCaT) and enterocytes (HT-29) responded to the apoptotic
stimulus, whereas the induction of cell-death was abrogated by
pre-treatment with z-VAD-fmk. Values shown represent the
average £ SD of two independent experiments.

Taken together, these results demonstrate
that STS induces apoptotic changesin epithelial
cells via caspase-dependent pathways.

Dsg2 Processing and Its Progressive
Depletion During Apoptosis

The apoptotic fate of Dsg2 was investigated in
whole cell lysates by Western blotting. Dsg2
protein was first detected through the E8A
monoclonal antibody, which recognizes the
extracellular domain of Dsg2. As shown in
Figure 2a, the amount of full-length Dsg2
dramatically decreased in a time-dependent
manner upon induction of apoptosis. Indeed,
Dsg2 was almost completely cleaved within 24 h
after treatment with STS, although no low
molecular mass proteolytic fragments were
revealed (Fig. 2a,c). When instead cell lysates
were analyzed with the H145 IgG against the
cytoplasmic domain of Dsg2, depletion of full-
length Dsg2 paralleled with the appearance of a
70-kDa fragmentation product (Fig. 2b). Quan-
tification of signal intensities showed that the
70-kDa fragment, which was also detectable in
normal conditions at lower levels, reached the
peak within 1 h after exposure to STS (Fig. 2d).
Subsequently, it gradually returned to normal
levels within 12 h. The fragment was no more
well detectable in cell lysates 24 after STS
treatment, probably due to further proteolytic
degradation. No changes in the amount of
full-length Dsg2 were observed in untreated
control cells over the 24-h time course, through
neither E8A nor H145 antibodies (not shown).
Pg, a cell-adhesion protein which interacts
intracellularly with Dsg, was also fragmented
in ~55-kDa and ~65-kDa products (Fig. 3a,c),
and detached from membrane (Triton X-100
soluble) Dsg2 (Fig. 3b). However, no marked
changes in the total amount of full-length Pg
was revealed in cell lysates from HT-29
(Fig. 3a). Apoptotic behavior of Pg in HaCaT
keratinocytes was comparable to that observed
in HT-29 enterocytes (not shown).

Apoptotic Cleavage of Dsg2 is
Mediated by Caspase 3

Members of the Dsg family have previously
shown to be targeted by caspase 3 [Dusek et al.,
2006; Lanza and Cirillo, 2007]. To test whether
formation of the 70-kDa cleavage product of
Dsg2 was mediated by this type of protease, we
carried out inhibitor studies. In the presence of
the caspase-3 inhibitor Z-DEVD-fmk, levels of
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Fig. 2. Processing of Dsg2 in apoptotic cells. a—c: The amount of Dsg2 protein levels drastically diminished
while cells underwent apoptosis, as assessed by E8A (a) and H-145 (b) antibodies against the external and
internal region of Dsg2, respectively. Depletion of full-length Dsg2 from cell lysates paralleled with the
appearance of a 70-kDa fragment (b,d). The band marked with an asterisk represents an unidentified and
unspecific band (b). Densitometry values were obtained by comparing band intensities with Dsg2 protein
levels at Time O (=1) after normalization with B-actin as a control. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]
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Fig. 3. Cytosolic extracts from HT-29 cells were subjected to Western blotting (WB) against plakoglobin
(Pg) (@). Dsg2 was immunoprecipitated with H-145 IgG from Triton X-100 soluble cell lysates and probed
against Pg in WB (b). Densitometry values (c) were obtained by comparing band intensities with Pg fragment
levels at time O (1) after normalization with B-actin as a control. Figure represents the typical aspect of bands
seen in duplicate experiments.
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full-length Dsg2 protein maintained com-
parable to controls, and formation of the
70-kDa fragment was significantly reduced
(Fig. 4a), suggesting that caspase 3 plays a
central role within the pathway leading to
proteolysis of Dsg2.

The progressive depletion of Dsg2 mediated
by caspase 3 was further investigated by
immunofluorescence. As the predicted molec-
ular mass of the intracellular domain of Dsg2 is
about 75-80 kDa, cleavage of the Dsg2
cytoplasmic domain was expected to release
the 70-kDa product within the cytosol. Thus,
permeabilized cells were stained with the H-145
antibody recognizing the cytoplasmic domain
of Dsg2. Cell-surface Dsg2 was reduced after
the onset of apoptosis (Fig. 5), although these
changes were more markedly observed in
keratinocytes than in enterocytes. Consis-
tently, the reduction of membrane-associated
FITC fluorescence was concomitant with the
staining of Dsg2 into the cytosol (Fig. 5b,e).
These changes were prevented in cells pre-
treated with Z-DEVD-fmk. Indeed, in the
presence of this caspase 3 inhibitor, membrane
staining of Dsg2 was preserved, and cyto-
plasmic localization of FITC fluorescence
appeared comparable with controls as well
(Fig. 5 ¢,f).
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Fig. 4. Role of caspase 3 in apoptotic cleavage of Dsg2.
a: Generation of the 70-kDa fragment was blocked in both
HaCaT and HT-29 cell lines in the presence of caspase 3-
inhibitor z-DEVD-fmk. b: Loss of intercellular adhesion strength
in 12 h-STS-treated cells was abrogated by preincubation with z-
DEVD-fmk, as revealed by dispase-based assay.

Overall, data from inhibitor studies demon-
strate that caspase 3 is the major responsible for
cleavage of Dsg2 in epithelial cells undergoing
STS-induced apoptosis.

Pharmacological Inhibition of Caspase
3-Mediated Pathways Prevents Apoptotic
Loss of Cell-Cell Adhesion

Dsg2 plays a major role in establishing
intercellular contacts in both enterocytes and
keratinocytes. Under morphological means,
induction of apoptosis by STS and accompany-
ing cleavage of Dsg2 paralleled with detach-
ment of cells from one another (Fig. 5m). In the
presence of Z-DEVD-fmk, however, the rate of
cell—cell dissociation dramatically decreased
(Fig. 5m).

To test whether apoptotic cleavage of cell
adhesion proteins, such as Dsg2, resulted in
reduction of the adhesion strength among
epithelial cells, we carried out a dispase-based
assay. By disrupting cell-matrix interactions
without affecting intercellular contacts,
dispase enabled us to study the specific changes
occurring in cell—cell adhesion. Along the 12-h
incubation with STS, keratinocytes underwent
dramatic reduction in the strength of intercel-
lular adhesion (Fig. 4b). Apoptosis also affected
enterocyte ability in maintaining cell cohesion,
although to a less extent if compared with
keratinocytes. In both cell lines inhibition of
caspase-3 activation by Z-DEVD-fmk drasti-
cally reduced the effects of STS in dismantling
the integrity of the adhesion complexes
(Fig. 5¢,f), as the cohesion strength among cells
was comparable to controls (Fig. 4b).

Collectively, these data demonstrate that the
disruption of cell-cell adhesion in apoptotic
epithelial cells is orchestrated by caspase 3.

DISCUSSION

The apoptotic processing of tissue-restricted
Dsg, such as Dsgl and Dsg3, has been
extensively studied in human keratinocytes.
Here, we investigated for the first time the fate
of the most widespread Dsg, Dsg2, in cells
undergoing STS-induced apoptosis. Indeed,
although Dsg?2 is expressed along with Dsgl,
Dsg3, and Dsg4 in keratinocytes, it is the
sole Dsg found in simple epithelia, where it
plays a critical role in cell adhesion. Results
showed that Dsg2 is subjected to apoptotic
cleavage mediated by caspase 3. This proteolytic
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Fig. 5. Cell-cell detachment, depletion of membrane-associ-
ated Dsg2 and release of its apoptotic fragment within the
cytosol. a,d: In normal conditions, Dsg2 was labelled mainly on
cell periphery. b,e: Within 6 h after induction of apoptosis by STS,
membrane staining of Dsg2 underwent dramatic reduction.
Under these conditions the cytoplasmic region of Dsg2 localized
prevalently into the cytoplasm, as assessed by the H-145
antibody. ¢ f: In the presence of z-DEVD-fmk, Dsg2 staining

processing leads to the formation of a fragment
with apparent molecular mass of 70 kDa, which
is released into the cytosol.

A number of physiological and pathological
stimuli including lack of nutrients, activation of
cell-surface death receptors, chemicals, ionizing
radiation, and direct physical injury can acti-
vate the apoptotic programme [Frisch and
Screaton, 2001; Green and Kroemer, 2004].
These stimuli trigger different intracellular
signals leading to apoptosis, that often
involve the activation of caspases through two
main pathways. Both death receptor and mito-
chondrial pathways converge at the level of
effector-caspase activation. Then, the apoptotic
programme branches into a multitude of sub-
programmes, the sum of which results in the
ordered dismantling of the cell. However,
although caspases are important in mediating
apoptosis, recent studies indicate caspases not
to be required for all forms of cell-death and
their activation not always leading to cell-death
[Abraham and Shaham, 2004]. Such data have
clinical implications. For example, the efficacy
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was overall retained on cell surface. g-I: Note that samples were
processed simultaneously and photographic procedures held
constant to obtain semiquantitative results Graphs g—I refer to
as quantitation of fluorescence of the panels a—f, respectively
(Adobe Photoshop). m: Quantitation of cell—cell detachment
(seetextfor details). [Color figure can be viewed inthe online issue,
which is available at www.interscience.wiley.com.]

of caspase inhibitor treatment on acute organ
dysfunction following ischemic/reperfusion
injury is dependent upon a major role of
caspases in apoptosis [Iwata et al., 2002]. In
cancer, the elucidation of apoptosis in the
absence of caspase activity may identify new
pharmacological targets for cancer treatment
[Johnstone et al., 1999; Kolenko et al., 2000].
With regard to this, it has been reported that
STS-induced apoptosis in several cancer cell
lines does not require caspase activity [Nutt
et al., 2002; Cummings et al., 2004]. We showed
here that induction of apoptotic changes by STS
requires caspase activity in both nontumori-
genic (HaCaT) and neoplastic (HT-29) epithelial
cell lines. In general, the effect of ST'S was more
rapid in keratinocytes as well as the consequen-
ces of caspase inhibition were more pronounced.
However, both induction of apoptosis and
cleavage of Dsg2 were clearly related to caspase
activity also in tumorigenic HT-29.

In epithelia, cadherin complexes are the main
mediators of intercellular adhesion [Green
and Gaudry, 2000; Ishii and Green, 2001].
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The extracellular domains of desmosomal cad-
herins interact in a calcium-dependent manner,
whereas the cytoplasmic domain serves as a
membrane anchor for Pg, Pkp, and Dpk, that
ultimately connect the desmosomal plaque with
the keratin cytoskeleton. As the cells undergo
apoptosis, desmosome is dismantled by the
targeted proteolysis of its constituents. In most
cases, the cleavage of desmosomal proteins is
orchestrated by caspases, leading to dissolution
of cell structure and morphology [Weiske et al.,
2001]. In this study we demonstrated that, upon
induction of apoptosis by STS, caspase 3
mediates the intracellular cleavage of Dsg2
leading to its progressive depletion from the
cell and accumulation of a 70-kDa fragment
into the cytosol. These results were obtained
through targeted pharmacological approaches
in both HaCaT keratinocytes and HT-29 enter-
ocytes, thus demonstrating that the apoptotic
proteolysis of Dsg2 occurs in a similar fashion in
both stratified and simple epithelia, respec-
tively. Furthermore, the pivotal role of Dsg2
in cell-cell adhesion among keratinocytes is
corroborated by the correlation between Dsg2
cleavage and loss of intercellular adhesion,
although further studies are needed to shed
more light on this field.

In conclusion, in this study, we showed for the
first time that Dsg2 is targeted for proteolysis
during STS-induced, caspase-mediated apopto-
sis. The fate of Dsg2 depends on caspase 3
activity and its proteolysis correlates well with
the reduction of intercellular adhesion strength
in keratinocyte and enterocyte cell lines.
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