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Abstract. Desmocollin‑2 (DSC2), a transmembrane glycopro-
tein belonging to the desmosomal cadherin family, has been 
found to be differentially expressed in several types of cancer 
and to be involved in tumor progression. The tumor metastasis 
suppressing property of DSC2 in esophageal squamous cell 
carcinoma (ESCC) has been described, however, its contribu-
tion to cell cohesion in ESCC remains to be elucidated. In the 
present study, using RNA interference (RNAi), the expression 
of DSC2 was silenced in SHEEC and KYSE510 cells. Hanging 
drop and fragmentation assays were performed to investigate 
the role of DSC2 in cell‑cell adhesion. Western blot analysis 
and confocal microscopy were used to analyze the expression 
and localization of cell adhesion molecules and cytoskeletal 
arrangement. The results demonstrated that DSC2 knock down 
by RNAi caused defects in cell‑cell adhesion and a concomi-
tant reduction in desmosomal protein expression and adherens 
junction molecule distribution. A decrease in the expression 
of DSC2 caused an increase in free γ‑catenin levels, thus 
promoting its recruitment to the adherens junction complex. In 
addition, the RNAi‑mediated inhibition of DSC2 led to keratin 
intermediate filament retraction and filamentous‑actin cyto-
skeleton rearrangement. Taken together, these data support 
our previous findings and the proposal that DSC2 may be 
involved in the regulation of the invasive behavior of cells by a 
mechanism that controls cell‑cell attachment and cytoskeleton 
rearrangement.

Introduction

Adhering junctions, including adherens junctions and desmo-
somes, are essential for cell unity in sheets of epithelial cells (1). 
Generally, adhering junctions are comprised of a transmem-
brane cadherin component, which is involved in homophilic or 
heterophilic interactions in a subclass‑specific manner on the 
extracellular side and a variety of cytoplasmic adapter proteins 
that, in turn, link cytoskeletal structures to sites of cell‑cell 
contact (2). The issue of how adhesive dysfunction contributes 
to cancer biology has become an active area of investigation in 
cancer research (3). One such protein is desmocollin‑2 (DSC2), 
a transmembrane cadherin of the desmosomal cell‑cell adhe-
sion structure. DSC2 is involved in the interaction of plaque 
proteins and intermediate filaments mediating cell‑cell adhe-
sion, and may also contribute to epidermal cell positioning (4).

The desmosomal cadherins family members mediate 
a variety of biological processes, including cell growth, 
invasiveness, adhesion and apoptosis (5‑8). With respect to 
tumorigenesis, DSC2 has been demonstrated to be involved 
in the development of several types of tumor (9‑14). A reduc-
tion in the expression of DSC2 has been reported in numerous 
types of human carcinoma, including colorectal, pancreatic, 
gastric, lung and urothelial cancer (9‑14). It has been suggested 
that a reduction in the expression of DSC2 may act as an 
independent prognostic biomarker for reduced survival rate in 
patients (13,14). A previous study of RNA interference (RNAi) 
in transformed colonic epithelial cells revealed the promotion 
of tumor cell proliferation in vitro and growth in vivo following 
knock down of DSC2 (7).

In human esophageal squamous cell carcinoma (ESCC), 
the expression of DSC2 has only recently been described (14). 
Our previous study demonstrated that the expression of DSC2 
in ESCC gradually decreases between regions exhibiting 
esophageal hyperplasia to regions of dysplasia and carcinoma 
in situ (14). The depletion of DSC2 is highly associated with 
poor tumor differentiation, regional lymph node metastasis 
and a poor prognosis. Therefore, DSC2 may act as a new 
molecular marker in predicting the prognosis of patients with 
ESCC. In addition, our previous study also revealed that DSC2 
has a causative effect in esophageal cellular invasion and 
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metastasis (6). The loss of DSC2 initiates tumor cell metastasis 
by activating the β‑catenin pathway and eventually inducing an 
epithelial‑mesenchymal transition‑like process (6). However, 
the contribution of DSC2 to overall cell cohesion remains to 
be elucidated.

To investigate the possible role of DSC2 in cell‑cell adhe-
sion, the present in vitro study was performed based on the 
RNAi strategy in two ESCC cell lines, SHEEC and KYSE510. 
The results supported our previous findings and the proposal 
that DSC2 may be involved in the regulation of cell inva-
sion by a mechanism that controls cell‑cell attachment and 
cytoskeleton rearrangement. Altered DSC2 protein levels and 
localization may, therefore, have several unexpected effects in 
ESCC.

Materials and methods

Cell culture and transfection. The human esophageal squa-
mous carcinoma cell lines SHEEC and KYSE510 (Chinese 
Academy of Sciences, Shanghai, China) were cultured 
in Dulbecco's modified Eagle's medium (Invitrogen Life 
Technologies, Carlsbad, CA, USA) supplemented with 
10% fetal calf serum (Invitrogen Life Technologies). For 
siRNA transfection, ~5x104 cells/well were inoculated into 
6‑well plates, cultured for 24 h and then transfected with 
the relevant siRNA (50 nM) using a Lipofectamine 2000 
transfection reagent (Invitrogen Life Technologies). The 
siRNA were synthesized by Shanghai GenePharma Co., Ltd. 
(Shanghai, China) and contained two siRNAs against human 
DSC2 (siDSC2‑1 5'‑CUGGAGAUGACAAAGUGUA‑3' and 
siDSC2‑2 5'‑CUUUACAGCUGCAAAUCUA‑3'). A control 
siRNA oligonucleotide, not matching any known human 
coding cDNA, was used as a control.

RNA extraction and reverse transcription quantitative poly‑
merase chain reaction (RT‑qPCR) analysis. Total RNA was 
extracted using TRIzol reagent (Invitrogen Life Technologies) 
according to the manufacturer's instructions. Reverse tran-
scription was performed using a total volume of 20 µl with 1 µg 
total RNA using a Reverse Transcription system (Promega 
Corporation, Madison, WI, USA). RT‑qPCR was performed 
on the Rotor‑Gene 6000 system (Corbett Life Science, 
Sydney, Australia). SYBR® Premix Ex Taq™ (Takara Bio, 
Inc., Shiga, Japan) was used according to the manufacturer's 
instructions. The DSC2 PCR primers were designed based 
on the human DSC2 mRNA sequence (GenBank accession 
no. NM_024422). The following sequences were used: forward 
5'‑CCCAAGCTTGAAAAGCCCCTTGGATGAGA‑3' and 
reverse 5'‑CGCGGATCCCCACTGGCTTTCAGAGACTT‑3'. 
As an internal control, a fragment of human β‑actin was 
amplified using the following primers: β‑actin, forward 
5'‑CAACTGGGACGACATGGAGAAA‑3' and reverse 
5'‑GATAGCAACGTACATGGCTGGG‑3'. The PCR condi-
tions were an initial denaturation step of 10  sec at 95˚C, 
followed by 40 cycles consisting of 5 sec at 95˚C, 20 sec at 
60˚C and 15 sec at 72˚C.

Western blot analysis. Total cell lysates were prepared 
in radioimmunoprecipitation assay buffer, separated by 
SDS‑PAGE and transferred onto polyvinylidene difluoride 

membranes (Millipore, Billerica, MA, USA). The membranes 
were incubated in 10 ml of blocking buffer [Tris‑buffered 
saline containing 0.1% (v/v) Tween‑20 and 5% (w/v) non‑fat 
dried milk powder (Sangon Biotech, Shanghai, China)] for 
1 h at room temperature and then incubated with the indi-
cated antibody. Finally, immunoreactive bands were revealed 
using a luminol reagent (Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA, USA). Images were captured and quantita-
tive analyses were performed using FluorChem™ IS‑8900 
(Alpha Innotech Co., San Leandro, CA, USA). The following 
antibodies were used: Mouse monoclonal anti‑DSC2 
(7G6; Invitrogen Life Technologies), mouse monoclonal 
anti‑DSG2 (10G11; Progen Biotechnik GmbH, Heidelberg, 
Germany), mouse monoclonal anti‑PKP2 (PP2/62, PP2/86, 
PP2/150; Progen Biotechnik GmbH) and mouse monoclonal 
anti‑β‑actin (Sigma, St. Louis, MO, USA).

Confocal laser scanning microscopy. Staining was 
performed, as previously described (6). The cells were fixed 
in 4% paraformaldehyde solution (Thermo Fisher Scientific 
Inc., Rockford, IL, USA) for 15  min, following which 
they were incubated with donkey serum blocking buffer 
[Tris‑buffered saline containing 5% (w/v) normal donkey 
serum (Jackson ImmunoResearch, Hamburg, Germany)] for 
30 min and the primary antibody for 60 min. Subsequently, 
the cells were incubated with donkey anti‑mouse polyclonal 
immunoglobulin G (IgG) and/or donkey anti‑rabbit poly-
clonal IgG (DyLight 488 and 594, respectively; Jackson 
ImmunoResearch) for 60  min at room temperature. The 
following antibodies were used: Mouse monoclonal 
anti‑DSC2 (7G6; Invitrogen Life Technologies), rabbit 
polyclonal anti‑E‑cadherin (Santa Cruz Biotechnology, Inc.), 
mouse monoclonal anti‑γ‑catenin (Santa Cruz Biotechnology, 
Inc.), mouse monoclonal anti‑DSG2 (10G11; Progen 
Biotechnik GmbH), mouse monoclonal anti‑PKP2 (PP2/62, 
PP2/86, PP2/150, Progen Biotechnik GmbH), mouse mono-
clonal anti‑pan‑cytokeratin (Santa Cruz Biotechnology, Inc.) 
and Acti‑stain™ 555 Fluorescent Phalloidin (Cytoskeleton 
Inc., Denver, CO, USA).

Hanging drop assay. Hanging drop cultures of aggregated 
cells were generated from 1x103 cells. The cells were left 
overnight to enable aggregation on the underside of a culture 
dish, as previously described (15). Following this, pipetting 
was performed 30 times on the resulting cell clusters through 
a 200 µl Gilson pipette (Gilson Scientific Ltd., Luton, UK). 
The degree of dissociation was then determined by counting 
the number of particles present following trituration.

Dispase‑based dissociation assay. The cell cultures were 
seeded in triplicate into 6‑well plates. Subsequently, 24 h 
after reaching confluency, the cultures were washed twice 
in phosphate‑buffered saline (PBS) and incubated in 
1 ml dispase (2.4 U/ml; Sigma) for 30 min, as previously 
described (15). The monolayers liberated during this process 
were carefully washed two times in PBS and then transferred 
into 15 ml conical tubes. Additional PBS was added to reach 
a final volume of 2 ml. The tubes were secured to a rocker 
and subjected to 50 inversion cycles. The fragments were 
then counted using an inverted microscope (Olympus).
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Statistical analysis. All data are expressed as the 
mean ± standard deviation and were analyzed using SPSS 
statistical software (SPSS 13.0; SPSS, Inc., Chicago, IL, 
USA). Comparisons between data sets were performed using 
the χ2 test and a two-tailed independent sample t-test when 
appropriate. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of DSC2 in ESCC cell lines. Initially, the mRNA 
expression levels of DSC2 were examined in several ESCC 
cell lines by RT‑qPCR. As shown in Fig. 1A, DSC2 mRNA 
expression was detected in all the cell lines evaluated, with 
SHEEC and KYSE510 cells containing the highest levels. 
Therefore, these cell lines were selected for use as the model 
in the subsequent functional studies.

DSC2 knockdown by transient siRNA transfection in ESCC 
cells. Two double‑stranded siRNAs (siRNA‑1 and 2) targeting 
the human DSC2 gene were synthesized. These sequences 
were specific to DSC2 mRNA and matched no other genes 
in the NCBI nucleotide database, in particular, they matched 
no other desmosomal cadherins family members, in BLAST 
searching. RT‑qPCR and western blot analysis revealed that 
the DSC2 mRNA and protein expression decreased mark-
edly in the treated cells compared with the control cells 
(Fig. 1B and C). Transfection with DSC2 siRNAs resulted 
in a 70‑80% reduction in the expression of DSC2 in the 
SHEEC cells (Fig. 1C, upper panel) and a 60‑70% reduction in 

expression in the KYSE510 cells (Fig. 1C, lower panel), when 
compared with those transfected with the scramble sequence. 
In addition, confocal analysis of the cells labeled for DSC2 
revealed a significant reduction in the membrane localization 
of DSC2 in the cells treated with siRNA (Fig. 1D).

DSC2 silencing in ESCC cells compromises cell‑cell adhe‑
sion. To assess the cell‑cell adhesion capacity of ESCC cells 
following the suppression of DSC2, a hanging drop assay was 
performed. After 24 h aggregation, in a hanging drop on the 
underside of a culture dish, the cells were subjected to tritura-
tion through a 200 µl Gilson pipette tip to disrupt intercellular 
adhesion. The degree of dissociation was then calculated by 
counting the particles that dissociated from the original cluster. 
The results indicated a significant increase in the number of 
particles and reduction in particle size in the DSC2‑depleted 
SHEEC and KYSE510 cells  (Fig. 2A; P<0.01). To further 
confirm this effect, a Dispase‑based dissociation assay was 
also performed. Confluent monolayers of siRNA‑transfected 
SHEEC and KYSE510 cells were harvested from tissue culture 
dishes by incubation with dispase. The monolayers were then 
transferred into 15‑ml conical tubes and, following inversion 
of the tubes 50 times on a rocker, the monolayer fragments 
were counted. As shown in Fig. 2B, following siRNA transfec-
tion for 2 days, the DSC2‑knockdown cells were less cohesive 
and formed smaller aggregates compared with the control 
cells (P<0.01).

Effects of DSC2 depletion on desmosomal proteins and 
adherens junction molecules. To assess the effects of 

  A   B

  C   D

Figure 1. DSC2 silencing in ESCC cells by siRNAs. (A) RT‑qPCR analysis of the expression of DSC2 in ESCC cell lines. The expression levels of DSC2 were 
normalized to that of β‑actin. (B) RT‑qPCR analysis of DSC2 silencing by siRNAs. Cells were transfected with DSC2 siRNA or control siRNA. (C) DSC2 
silencing in SHEEC and KYSE510 cells was evaluated using western blot analysis. β‑actin served as a loading control. (D) Immunofluorescence analysis 
of DSC2 silencing by siRNAs (magnification, x400). DSC2, desmocollin‑2; ESCC, esophageal squamous cell carcinoma; RT‑qPCR, reverse transcription 
quantitative polymerase chain reaction.
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Figure 2. Alterations of cell‑cell adhesion exerted by RNA interference‑mediated knock down of DSC2. (A) Hanging drop assay. Cells were seeded into 
hanging drop cultures and allowed to aggregate for 24 h. Following trituration by passing the cell cluster 30 times through a 200 µl pipette tip, the degree of 
dissociation of the cell cluster was visualized using microscopy and quantified by manual counting using a dissecting microscope. (B) Dispase‑based dissocia-
tion assay. Cell monolayers were separated from culture dishes via incubation with dispase. Monolayers were transferred to 15 ml conical tubes containing 
2 ml phosphate‑buffered saline. Following 50 inversions, the degree of fragmentation of the monolayer was examined. The dissociation assay was quantified 
by counting the number of total particles. **P<0.001, compared with the control group. DSC2, desmocollin‑2; siDSC2, DSC2‑specific siRNA.

Figure 3. RNA interference‑mediated inhibition of DSC2 affects desmosome protein expression and localization. (A) Immunofluorescence analysis of the sub-
cellular localizations of the DSG2 and PKP2 proteins (magnification, x400). Of note, knocking down the expression of DSC2 caused reduced DSG2 and PKP2 
membrane localization (white arrows). (B) Western blot analyses of DSG2 and PKP2 protein expression in the DSC2‑specific siRNA or control‑transfected 
SHEEC cells. β‑actin served as a loading control. DSC2, desmocollin‑2; siDSC2, DSC2‑specific siRNA; DSG2, desmoglein‑2; PKP2, plakophilin‑2.

  A   B
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RNAi‑mediated DSC2 silencing on desmosome junctions 
in esophageal carcinoma cells, the cells treated with either 
scrambled or DSC2‑specific siRNA were analyzed using 
fluorescence confocal microscopy to examine the impact on 
desmosomal junction formation. As shown in Fig. 3A, marked 
staining for desmoglein‑2 (DSG2) and plakophilin‑2 (PKP2) 
was observed in the control cells with localization at the 
cell membrane. Silencing DSC2 had a marked effect on the 
membrane localization of these desmosomal proteins and on 
desmosomal junction formation (Fig. 3A; arrows). To further 
confirm this effect, the levels of desmosomal protein expres-
sion were examined using western blot analysis. The protein 
expression levels of DSG2 and PKP2 were significantly 
reduced in the DSC2‑specific siRNA‑transfected SHEEC 
cells (Fig. 3B). These results suggested that DSC2 silencing in 
ESCC cells affects the expression and localization of desmo-
some proteins and the formation of desmosomal junctions.

Desmosomes and adherens junctions have associated 
effects in maintaining cellular adhesion and have similar struc-
tural compositions. In addition, E‑cadherin and DSC2 protein 
bind directly to an armadillo family member, γ‑catenin (16). 
Therefore, the present study investigated the effects of DSC2 
knock down on the localization of γ‑catenin and E‑cadherin. 
As shown in Fig. 4, depletion of DSC2 resulted in increased 
levels of free γ‑catenin levels, promoting the recruitment of 
γ‑catenin to the adherens junction complex. This contributes 
to our previous findings and supports the concept that DSC2 
may be involved in the regulation of cell invasive behavior 
by a mechanism that controls cell‑cell attachment, including 
adherens junctions and desmosomes.

DSC2 depletion leads to keratin intermediate filament retrac‑
tion and filamentous (F)‑actin cytoskeleton rearrangement. 
Tumor metastasis requires the rearrangement of the adhesive 
contacts of tumor cells to enable cells to migrate relative to 
neighboring cells It has been suggested that, in this process, 

actin filament and intermediate filament‑based junctions act 
synergistically to affect cell‑cell adhesion (15). Therefore, the 
present study investigated whether DSC2 depletion affects 
cytoskeleton rearrangement. Immunofluorescence analysis 
revealed retracted keratin intermediate filaments from the 
plasma membranes in DSC2‑specific siRNA‑transfected 
SHEEC cells, whereas, in cells transfected with the scramble 
sequence, the keratin intermediate filaments lining the 
plasma membranes remained  (Fig.  5A). Furthermore, 
phalloidin‑coumarin staining indicated that DSC2 depletion 
affected the F‑actin arrangement (Fig. 5B). Compared with 
the control group, the cells with reduced DSC2 exhibited 
more filopodia. These results indicated that DSC2 depletion 
resulted in cytoskeleton rearrangement, ultimately promoting 
cell invasive behavior.

Discussion

The present study is one of the first attempts, to the best of 
our knowledge, to associate the expression of DSC2 with 
cell‑cell adhesion and cytoskeleton rearrangement in ESCC. 
Several studies have found that DSC2 proteins are abnormally 
expressed in various types of cancer and correlate with cell 
proliferation and invasive behavior  (6,7). However, fewer 
studies have focused on investigating the role of DSC2 in 
regulating adhesive strength. In the present study, an RNAi 
strategy was adopted to investigate whether DSC2 has a role in 
the regulation of cell‑cell adhesion in ESCC cell lines. Using 
various approaches, the present study demonstrated that knock 
down of DSC2 in these cell lines caused defects in cell‑cell 
adhesion, accompanied by reduced desmosomal junction 
formation, retraction of keratin intermediate filaments and 
F‑actin cytoskeleton rearrangement.

Our previous studies have demonstrated that DSC2 has a 
causative effect in cellular invasion and metastasis in labora-
tory models and in clinical ESCC samples  (6,14). DSC2 

Figure 4. Alterations in the expression of DSC2 reversibly affects the localization of adherens junction molecules. Control siRNA and siDSC2‑transfected 
SHEEC cells were stained using antibodies against γ‑catenin and E‑cadherin and the representative images are shown. A reduction in DSC2 in the SHEEC 
cells led to free γ‑catenin release and to increased γ‑catenin and E‑cadherin co‑localization (white arrows; magnification, x400). **P<0.001, compared with the 
control group. DSC2, desmocollin‑2; siDSC2, DSC2‑specific siRNA.
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depletion is highly associated with poor tumor differentiation, 
regional lymph node metastasis and poor prognosis. In the 
present study, the results revealed that DSC2 may be involved 
in the regulation of cell invasive behavior by a mechanism that 
controls cell‑cell attachment, including adherens junctions and 
desmosomes. As a junctional protein, DSC2 interacts extra-
cellularly with DSG2/3 to mediate cell‑cell adhesion (17). It 
has been suggested that specific desmosomal cadherins have 
a different contribution in cell‑cell adhesion (18). Consistent 
with this observation, the data presented in the present study 
suggested that a decreased level of DSC2 in ESCC cells leads 
to a decrease in the expression of desmosomal proteins and 
desmosomal junction formation, which was accompanied by 
a decrease in cell‑cell attachment. These results are consis-
tent with data from Mannan et al that DSG3 silencing in 
HaCaT cells causes disruption of desmosome junctions and 
compromises cell‑cell adhesion (19). This leads to the conclu-
sion that knocking down the expression of DSC2 by siRNA 
destabilizes other desmosomal proteins. Although, it remains 
unclear whether this represents transcriptional downregula-
tion or increased protein turnover, possibly complexed with 
DSC2, the reduction of cell adhesion protein suggests that the 

inhibition of cell‑cell adhesion is partly dependent upon the 
interaction of DSC2 with other desmosomal molecules.

Previous studies have revealed that adherens junctions 
and desmosomes are dependant on each other for appropriate 
assembly and maintenance (15,16). In addition to their indepen-
dent roles in tissue morphogenesis and homeostasis, adherens 
junctions and desmosomes‑based cell‑cell adhesive contacts 
engage in ‘cross‑talk’ mechanisms, in which one junction 
type affects the expression, assembly, turnover and/or func-
tion of the other junctions or junction components. It has been 
suggested that achieving maximal mechanical integrity of the 
epithelial cell sheet requires proper junctional attachment to 
intermediate filaments and cortical actin (15). Furthermore, 
it has been demonstrated that the loss of desmosomal compo-
nents leads to defects in the maturation of adherens junctions 
and the associated cortical actin cytoskeleton (20). In compar-
ison, the present study demonstrated that DSC2 suppresses 
tumor cell‑cell adhesion by opposing the localization of 
adherens junction molecules and keratin intermediate filament 
retraction and F‑actin cytoskeleton rearrangement. DSC2 
depletion from the desmosome structure may compromise 
adhesive strength in several ways. DSC2 may destabilize the 

  A

  B

Figure 5. DSC2 depletion leads to keratin intermediate filament retraction and F‑actin cytoskeleton rearrangement. (A) Immunofluorescence analysis shows 
retracted keratin intermediate filaments from plasma membranes in siDSC2‑transfected SHEEC cells, whereas the plasma membranes of neighboring cells 
remained adjacent in the control‑transfected SHEEC cells (magnification, x400). (B) SHEEC and KYSE510 cells were transiently transfected with control 
siRNA and siDSC2. The transfected cells were then fixed and F‑actin organization was analyzed using phalloidin staining (magnification, x400). DSC2, 
desmocollin‑2; siDSC2, DSC2‑specific siRNA.
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desmosomal cadherin clusters formed and affect the proper 
disposition of desmosomal cadherin extracellular domains, 
as discussed previously. Another possibility is that DSC2 
anchors the armadillo repeat‑containing proteins γ‑catenin 
and PKP2 that, in turn, recruit the keratin intermediate fila-
ment cytoskeleton to sites of cell‑cell contact. Uncoupling of 
these connections results in increased levels of free γ‑catenin 
and PKP2. It has been suggested that PKP2 may functionally 
link the Ras homolog (Rho)A and protein kinase C‑dependent 
pathways to drive actin reorganization and to regulate the 
assembly of desmosomes (21,22). PKP2 may provide a struc-
tural link between junctional components and the actin and 
the intermediate filament cytoskeletons to coordinate their 
activities during assembly of junctions. In addition, γ‑catenin 
is required for effective anchorage of intermediate filaments 
to desmosomes  (23). A study by Todorović  et al reported 
that γ‑catenin regulates cell motility through Rho‑and fibro-
nectin‑dependent Src signaling (24). Therefore, in esophageal 
carcinoma cells, DSC2 may affect cytoskeleton rearrangement 
via alternative signaling pathways, which requires extensive 
investigation to determine.

Taken together, the present study suggests that DSC2 is 
important in the regulation of cell‑cell adhesion dependent 
motility. Depletion of the transmembrane desmosomal 
cadherin components is likely to occur by destabilizing 
other desmosomal proteins. Uncoupling of these connec-
tions resulted in increased levels of free desmosomal plaque 
proteins. This in turn affected cytoskeleton arrangement, 
possibly through alternative signaling pathways, which ulti-
mately led to uncontrolled migration of tumor cells lacking 
DSC2.
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