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ABSTRACT

Background: Globally, gastric cancer (GC) is still a major leading cause of cancer-associated deaths.
Downregulated desmocollin2 (DSC2) is considered to be closely related to tumor progression. However, the
underlying mechanisms of DSC2 in GC progression require further exploration.

Method: We initially constructed different GC cells based on DSC2 contents, established the mouse tumor
xenografts, and subsequently performed clonal formation, MTT, Caspase-3 activity, and sperm DNA
fragmentation assays to detect the functions of DSC2 in GC growth. Subsequently, we performed western blot,
Co-IP, and immunofluorescence assays to investigate the underlying mechanisms through pretreatment with
PI3K inhibitor, LY294002, and its activator, recombinant human insulin-like growth factor I (IGF1).

Result: DSC2 could significantly inhibit the viability of GC cells at both in vitro and in vivo levels. The underlying
mechanism may be that DSC2 binds the y-catenin to decrease its nuclear level, thereby downregulating the
anti-apoptotic factor BCL-2 expression and upregulating the pro-apoptotic factor P53 expression, which adjusts
the PTEN/PI3K/AKT signaling pathway to promote the cancer cell apoptosis.

Conclusions: Our finding suggests that DSC2 might be a potential therapeutic target for the treatment of
cancers, most especially GC.

INTRODUCTION numerous factors. Despite developmental surgery,
radiotherapy, and chemotherapy, the median survival
Gastric cancer (GC) is a huge threat to the global health time of GC patients remains short [2]. Therefore, there is
and has become the third leading cause of cancer-related an urgent need to further explore the mechanisms of GC
death worldwide [1]. The progression of GC involves progression, find new target biomarkers, and identify
multiple steps and is considerably complicated involving more optimal therapeutic schemes for GC patients [3].
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Generally, about 90% of malignant tumor cells originate
from the epithelium [4]. Among them, GC is mainly
derived from the mucosal epithelial cells of the stomach
wall. Desmocollins (DSCs) and Desmogleins (DSGs) are
transmembrane proteins belonging to the desmosome
cadherin family. Both of them play important roles in
maintaining epithelial internal environment stability [5].
Therefore, the abnormal expression of DSCs and DSGs
might affect cell differentiation, apoptosis, and
proliferation [6]. In normal stomach tissue, only the
DSC2 was found to be expressed among DSCs subtypes
(including DSC1, DSC2, DSC3) [7]. Khan K et al.
reported that colorectal adenocarcinoma patients with
decreased expression of DSC2 gene had shorter survival
time [4]. Kndsel T et al. demonstrated that deficiency of
DSC2 promoted the proliferation of colorectal cancer
cells [7, 8]. Furthermore, aberrant expression of DSC2
had been reported in a pancreatic ductal adenocarcinoma,
oral squamous carcinoma and esophageal squamous cell
carcinoma [9-11]. In addition, the level of DSC2 was
reported to be negatively correlated with lymph node
metastasis and pTNM stages in esophageal squamous cell
carcinoma [11]. DSC2 also was reported to inhibit the
migration and invasion ability of gastric cancer, lung
cancer, squamous cell carcinoma of head and neck
[12-14], and so on. Cancer Genome Atlas data
demonstrate the critical prognostic role of DSC2 in GC.
However, the underlying mechanism by which DSC2
drives the progression of GC is still unclear.

In this work, we constructed GC cells with both the
downregulation and upregulation of DSC2, established
mouse tumor xenograft models, and evaluated the
effect of DSC2 on GC cell viability in vitro and
in vivo. The associated mechanisms were detected
through pretreatment with PI3K inhibitor, LY294002,
and its activator, IGF1, and subsequently performing
western blot, co-immunoprecipitation (Co-IP), and
immunofluorescence assays. We aimed to establish a
novel target to inhibit the growth of GC.

RESULTS

DSC2 suppressed the growth of GC both in vitro and
in vivo

We first explored the expression profile of DSC2 in GC
patient specimens based on immunohistochemistry.
As compared to adjacent normal and paracancerous
tissues, DSC2 expression was downregulated in tumors
(Figure 1C, 1D). More importantly, volcano plot
analysis showed that DSC2 was downregulated in GC
tissues than in normal stomach specimens (Figure 1A),
and Kaplan-Meier analysis showed that GC patients
with high-expression of DSC2 had longer survival time
(Figure 1E). Then, we explored the role of DSC2 in the

viability of GC cells. Clonal formation, MTT, Caspase-
3 activity, and sperm DNA fragmentation assays were
used to analyze the role of DSC2 in the viability of GC
cells. Overexpression of DSC2 significantly reduced
the colony numbers, survival rate of GC cells and
correspondingly increased caspase-3 activity and DNA
fragmentation level (Figure 2A-2D). Silencing the
DSC2 gene had the opposite effect (Figure 3A-3D).
Furthermore, suppression of DSC2 resulted in the
upregulation in the expression levels of BCL-2 in GC
cells, and downregulation in the expression levels of
Cyto-C (Figure 3E, 3F). Overexpression of DSC2 had
the opposite effects on the expression levels of BCL-2
and Cyto-C in GC cells (Figure 2E, 2F). These data
practically demonstrated that DSC2 inhibited the
progression of GC, the expression of DSC2 resulted in
the inhibition of wviability of GC cells, while the
downregulation of DSC2 increased the viability of GC
cells.

DSC2 suppressed GC growth in vivo

The effects of DSC2 on the in vivo growth of GC were
investigated by establishing mice xenograft models of
MGC-803 cells. We measured the volumes of
xenografts every three days (Figure 4D), while we
observed the growth of xenograft tumors with an IVIS
Kinetic in vivo imaging system at day 24 (Figure 4A).
Subsequently, the xenografts were removed from the
mice, the tumor were photographed (Figure 4B), the
volumes were measured (Figure 4E) and the xenografts
were weighed (Figure 4C). The xenograft tumor
volumes and weights of the sgRNA-DSC2 group were
markedly larger than those in the sgRNA-NC group. On
the contrary, the overexpression of DSC2 dampens
tumor growth in vivo whereby xenograft tumor sizes in
the Lenti-DSC2 group were significantly smaller than
those in the lenti-NC group. The tumor weights in the
SgRNA-NC group, sgRNA-DSC2 group, lenti-NC
group, and Lenti-DSC2 group were (2.43 £+ 0.33) g,
(4.29 + 0.38) g, (2.45 + 0.73) g, and (0.70 £ 0.19) g,
respectively. These data suggest that the upregulation in
DSC2 expression levels significantly inhibited the
primary tumor growth of MGC-803 cells in nude mice,
indicating that DSC2 suppressed tumor growth in vivo.

DSC2 suppressed the viability of GC cells by
inhibiting the nuclear translocation of y-catenin
through the formation of a DSC2/y-catenin complex

As an important component of functional desmosomes,
y-catenin links with DSC2 in cytoplasm. y-catenin is
an important transcription regulatory factor, which
mediates the transcription of target genes after
translocating to the nucleus, and plays important role in
inhibiting the growth of GC [15]. We performed liquid
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Figure 1. DSC2 is downregulated in GC tumors and its expression is prognostic for worse overall survival. (A) Volcano plot
displayed the pattern of upregulated and downregulated genes in normal and tumor specimens of GC patients from TCGA data, the red dots
in the right plot represented upregulated genes, blue dots denoted downregulated genes with statistical significance, and gray dots exhibited
no differentially expressed genes. (B, C) The expressions of DSC2 in adjacent normal tissues (N), paracancerous tissues (P), and GC tissues (T)
of clinical specimens were tested through IHC, blue is the nucleus and brownish yellow is the DSC2 expression, the scale bar = 25 um,
**%p<0.001 vs. N, ##p<0.01 vs. P. (D) The Kaplan-Meier curves (overall survival) of GC patients with different expression of DSC2, the data
was obtained from the website: https://kmplot.com/analysis/index.php?p=service.
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Figure 2. DSC2 suppressed viability of GC cells in vitro. After stably expressing DSC2 gene, the viability of cells was determined by
colony formation assay (A, in MGC-803 cells), MTT assay, Caspase-3 activity assay and sperm DNA fragmentation assay (B-D, in MGC-803 and
SGC-7901 cells). (E, F) The expression of BCL-2 and Cyto-C were determined by Western blot assay. Data are presented as mean + SEM from
three separate experiments. **p<0.01 and ***p<0.001 vs. BC. ##p<0.01 and ###p<0.001 vs. Lenti-NC group. BC: blank control group, Lenti-

NC: lentivirus negative control group.
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Figure 3. Silencing the DSC2 gene promoted viability of GC cells in vitro. After being transfected with siDSC2(1+2), the viability of
cells was determined by colony formation assay (A, in MGC-803 cells), MTT assay, Caspase-3 activity assay and sperm DNA fragmentation
assay (B-D, in MGC-803 and SGC-7901 cells). (E, F) The expression of BCL-2 and Cyto-C were determined by Western blot assay. Data are
presented as mean + SEM from three separate experiments. **p<0.01 and ***p<0.001 vs. BC. ##p<0.01 and ###p<0.001 vs. Si-NC group. Si-
NC: Small interfering negative control group.
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Figure 4. DSC2 suppressed GC growth in vivo. (A) Representative IVIS imaging for scapular bearing tumor. At the day 24, mice were
sacrificed and tumors were surgically removed, photoed (B), weighed (C). Tumor volume of mice were measured every 3 days (D), and after
removing from the sacrificed mice (E). Data are presented as mean + SEM (n = 5). ¥**¥p<0.01 and ***p<0.001 vs. sgRNA-NC. ##p<0.01 and
###p<0.001 vs. Lenti-NC.
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chromatography-tandem mass spectrometry (LC-MS/
MS), Co-IP, Western blot, and immunofluorescence
staining assays to detect the levels of y-catenin that
combined with DSC2 and the nuclear translocation of
y-catenin. The results showed that y-catenin was an
interactor for DSC2 in GC cells (Supplementary Table 1)
[14]. Upon the overexpression of DSC2 in GC cells, the
levels of y-catenin combined with DSC2 were increased
(Figure 5D and Supplementary Figure 2A) [14], while
both in vitro and in vivo expression levels of y-catenin in
the nucleus were reduced (Figure 5A, 5B, SE and
Supplementary Figure 2B, 2D). Furthermore, the
suppression of DSC2 correspondingly increased the
nuclear translocation of y-catenin (Figure 6A, 6B and
Supplementary Figure 2B, 2C).

BCL-2 and p53 are the downstream signals of y-catenin
and are associated with cell viability. Our results showed
that overexpression of DSC2 downregulated BCL-2 and
upregulated p53 in the nuclei of GC cells (Figure 5A and

Supplementary Figure 2D), while the suppression of
DSC2 exhibited the opposite effects (Figure 6A and
Supplementary Figure 2C). Interestingly, neither the
suppression nor overexpression of DSC2 regulated the
total levels of y-catenin in either of the GC cells or
mouse tumor xenografts (Figures 5C, 6C, 7C and
Supplementary Figure 2E, 2F). These findings suggest
that DSC2 induced the formation of a DSC2/y-catenin
complex. The complex inhibited y-catenin dissolution
and nuclear translocation, resulting in the regulation of
the transcription of target genes and the suppression of
GC cell viability. DSC2 did not affect both the in vitro
and in vivo expression levels of y-catenin, but merely
induced the intracellular redistribution of y-catenin.

DSC2 downregulated the PTEN/PI3K/AKT pathway
to inhibit the viability of GC cells

The level of p53 in the nucleus was positively
correlated with the expression of DSC2 in the GC cells
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Figure 5. DSC2 inhibited the y-catenin nuclear translocation of MGC-803 cells by forming DSC2/y-catenin complex. After stably
expressing DSC2 gene of MGC-803 cells, (A) the expression levels of y-catenin, BCL-2 and P53 in nucleus was determined by Western blot
assay. (B) The level of y-catenin accumulated in the nucleus was detected by immunofluorescence assay. The scale bar = 20 um. (C) The
expressions of y-catenin and P53 were detected by Western blot assay. (D) Co-IP assay was performed to analyse the interaction between
DSC2/y-catenin by DSC2. The data are represented as mean + SEM, n=3. ¥***p<0.001 vs. BC. ###p<0.001 vs. Lenti-NC. (E) The expression of
y-catenin in the nucleus of tumor xenograft tissues were detected by Western blot assay. Data are presented as mean + SEM, n=5.
*#%p<0.001 vs. sgRNA-NC. ###p<0.001 vs. Lenti-NC.
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(Figures 5A, 6A).
PTEN; PTEN is

P53 is the transcriptional regulator of
reported as a key regulator of the

PI3K/AKT signaling pathway in certain cancers [9];
and the activation of the PI3K/AKT pathway is
involved in regulating the viability of GC cells [16]. We
detected the effects of DSC2 on the PTEN/PI3K/AKT
signaling pathway in GC cells. PTEN and p53

expression levels
the expression of

were both positively correlated with
DSC2 in GC cells (Figures 5C, 6C,

7A, 7B and Supplementary Figure 2E, 2F). The
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overexpression of DSC2 in MGC-803 and SGC-7901
cells markedly decreased the expression levels of p-
PI3K and p-AKT, while the suppression of DSC2
markedly increased the expression levels of these
proteins (Figure 7A, 7B and Supplementary Figure 2E,
2F). These findings were also observed in transplanted
tumor tissues in nude mice (Figure 7C).

To further investigate the effects of DSC2 on the
PIBK/AKT signaling pathway in GC cells, MGC-803
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blot assay. (B) The distribution of y-catenin in cells was detected by immunofluorescence assay. The scale bar = 20 um. (C) The
expressions of y-catenin and P53 were detected by Western blot assay. The data are represented as mean + SEM, n=3. ***p<0.001 vs.
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and SGC-7901 cells were pretreated with PI3K inhibitor,
LY294002 (30 uM), and its activator, IGF1 (20 uM), for
24 h or 48 h. Then, MTT, Caspase-3 activity, and sperm
DNA fragmentation assays were performed. Quantitative
data showed that overexpression of DSC2 increased
caspase-3 activity and DNA fragmentation levels in GC
cells, with the attendant inhibition of cell viability.
LY294002 markedly enhanced caspase-3 activity and
DNA fragmentation levels in Lenti-DSC2 GC cells.
However, IGF1 dramatically reversed the inhibitory
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effect of DSC2 on the survival rate of Lenti-DSC2 GC
cells, accompanied by reversal of the increased caspase-
3 activity and DNA fragmentation level in GC cells as
induced by DSC2 (Figure 8A—8C and Supplementary
Figure 3A-3C). These results demonstrated that
PI3K activation reversed the proliferation-inhibiting
effects of DSC2 in GC cells. Moreover, neither the PI3K
inhibitor nor its activator affected the expression and
nuclear translocation of y-catenin (Figure 8D, 8E, and
Supplementary Figure 3D, 3E). These findings suggest
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MGC-803 cells, (A, B) the expressions of PTEN, pro-PI3K, p-PI3K, pro-AKT, p-AKT were detected by Western blot assay. Data are presented as
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that DSC2 inhibited the viability of GC cells via the
regulation of the PI3K/AKT signaling pathway. In
DSC2-deficient GC cells, the increased nuclear
translocation and transcriptional activity of y-catenin
were not related to the PI3K/AKT signaling pathway.

DISCUSSION

GC is a malignant tumor with mucosa epithelial origin
[17].

driven by complicated molecular processes
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Figure 8. DSC2 inhibited the viability of MGC-803 cells through suppressing PI3K/AKT/mTOR signaling pathway. Effect of
DSC2 on the viability of GC cells in the presence of LY294002 and IGF1 was determined by Caspase-3 activity assay (A), Sperm DNA
fragmentation assay (B) and MTT assay (C). Data are presented as mean + SEM from three separate experiments. **p<0.01 and
**%¥p<0.001 vs. Lenti-NC or Lenti-DSC2 group. (D, E) The levels of y-catenin both in cells and in the nucleus among MGC-803 cells
that treated with LY294002 or IGF1, were tested by Western blot assay. The data are represented as mean + SEM, n=3. ***p<0.001 vs.

Lenti-NC.
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that has been detected in the stomach tissues. The role
of DSC2 in GC growth is still unclear and need to
further exploration. However, in the present study, we
found that the upregulation of DSC2 suppressed the in
vitro and in vivo viability of MGC-803 and SGC-7901
cells. Recovered DSC2 in GC cells did not only
significantly suppress the nuclear translocation of y-
catenin, but also inhibited the PTEN/PI3K/AKT
signaling pathway (Figure 9).

y-Catenin is a transcriptional regulatory factor belongs
to the member of the Armadillo (ARM) family. y-
catenin always accumulate in the nucleus and mediates
the transcription of target genes, including viability-
associated biomarkers [4, 8, 20, 21]. As an important
component of functional desmosomes, 7y-catenin
connects with DSC2 in the cytoplasm to form a
complex anchor which binds filaments to the cell
membrane. The complexes of DSC2/y-catenin form a
supracellular scaffold and hamper mechanical stress,
contributing to the maintenance of intercellular
adhesion and epithelial tissue stability [22, 23]. We
speculated that the formation of a DSC2/y-catenin
complex may keep free vy-catenin at very low

y-catenin
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concentrations in the cells, while dissociative y-catenin
from the complex could translocate to the nuclei of GC
cells when DSC2 is destroyed or suppressed. In the
present study, we found that DSC2 inhibited the nuclear
translocation of y-catenin, while downregulation of
DSC2 promoted its nuclear translocation, without
affecting the total level of y-catenin in GC cells. The
data repositories of Biological General Repository for
Interaction Datasets (BioGRID) and LC-MS/MS assay
were used to predict protein-protein interaction for
DSC2. Results showed that y-catenin might be a protein
linked with DSC2 (Supplementary Table 1). We
deduced that DSC2 induced the formation of a DSC2/y-
catenin complex, inhibited the dissolution of y-catenin,
and suppressed the nuclear translocation of free y-
catenin. Furthermore, y-catenin expression in the
nucleus was positively associated with BCL-2 but
negatively associated with important tumor suppressors,
such as p53 and PTEN. y-Catenin is an important
transcription regulatory factor that mediates the
transcription of target genes such as LEF/TCF in
the nucleus, and plays the important role in inhibiting
the growth of GC [15, 24]. BCL-2 and P53 are
considered to be the target genes of y-catenin [25]. So
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Figure 9. Role of DSC2 in the survival of gastric cancer cells. (A) DSC2 binds the y-catenin to decrease its nuclear level, thereby
downregulating BCL-2 expression, which adjusts the expression of Cyto-C negatively, and upregulating P53 expression, which adjusts the
PTEN/PI3K/AKT signaling pathway to promote the GC cell apoptosis. (B) Dissociated y-catenin translocates to the nuclei of GC cells when
DSC2 is destroyed or suppressed, thereby upregulating BCL-2 expression, which suppresses the expression of Cyto-C, and downregulating P53
expression, which adjusts the PTEN/PI3K/AKT signaling pathway to promote the GC cell survival.
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we concluded that when the DSC2 was destroyed, free
y-catenin were translocated into the nucleus and then
regulated the transcription of viability-associated genes
to promote GC growth (Figure 9).

The PTEN/PI3K/AKT signaling pathway is one of the
most frequently dysregulated pathways in the
development of GC, which was obviously suppressed
via the inactivation of this pathway [26, 27]. Kolegraff
et al. demonstrated that DSC2 downregulation
contributed to the proliferation and metastasis of
colorectal cancer cells by activating the AKT/B-catenin
signaling pathway [8]. Here, we found that the
suppression of DSC2 resulted in the upregulation of the
PI3K/AKT signaling pathway and downregulation in
p53 and PTEN levels, while the overexpression of
DSC2 reversed these regulatory effects. These findings
indicated that the levels of PTEN was positively
correlated with DSC2 expression, which was consistent
with RNA-Seq data. P53 and PTEN are important
tumor suppressors and could suppress the PI3K/AKT
signaling pathway [28]. In the present study, the PI3K
activator significantly reversed the inhibitory effects of
DSC2 on the viability of GC cells, while the PI3K
inhibitor exhibited no obvious effects. Furthermore, we
found that neither the PI3K inhibitor nor its activator
had any effects on DSC2 expression, indicating that the
PI3K/AKT signaling pathway is a downstream signal of
DSC2. In addition, neither the PI3K inhibitor nor its
activator had any effects on the expression levels and
nuclear translocation of vy-catenin. Therefore, we
deduced that the PI3K/AKT signaling pathway is
involved in GC progression when DSC2 is deficient,
while it does not regulate the transcriptional activity of
y-catenin.

Unfortunately, there were still some limitations in this
work. We were unable to find out the specific
transcriptional activity inhibitor of y-catenin. We were
not yet able to verify the direct regulatory effect of y-
catenin on the expression of BCL2 and P53. So we just
inferred from the experimental results that DSC2
suppressed the nuclear translocation and transcriptional
activity of y-catenin, then inhibited the growth of GC
through downregulating the expression of BCL-2 and
inhibiting the P53/PTEN/PI3K/AKT signaling pathway,
respectively. In the future study, we will continue to
search for suitable transcriptional inhibitor of y-catenin
and perform further research.

CONCLUSIONS

Here, we identified that DSC2 functioned as a pivotal
tumor suppressor in GC by inhibiting the nuclear
translocation of y-catenin and inactivating the
PTEN/PI3K/AKT signaling pathway. Our finding

suggests that DSC2 might be a potential therapeutic
target for the treatment of cancers, most especially GC.

MATERIALS AND METHODS
Materials

LY294002 was purchased from Beyotime Institute of
Biotechnology (Jiangsu, China), while recombinant
human insulin-like growth factor I (IGF1) was
purchased from R&D Systems (Minnesota, USA).

Cell culture and collection of tissue samples

Human GC cell lines, MGC-803 and SGC-7901, were
kindly provided by the School of Basic Medical
Sciences, Shandong University, Jinan, China. SGC-
7901 cells were cultured in RPMI-1640 medium, while
MGC-803 cells were cultured in DMEM medium. Both
media were supplemented with 10% fetal bovine serum
(Gibco, CA, USA) and 100 pg/pul
streptomycin/penicillin with the cells cultured in a
humidified 5% CO?2 incubator at 37° C.

Cell transfection-silenced DSC2 gene

Cells were dispensed into 6-well culture plates and grew
to 60%—70% confluence. Transfection with 8 pL. DSC2
siRNA-1 and DSC2 siRNA-2 was performed using 8
puL Lipofectamine 2000 Reagent in 500 uL Opti-MEM
culture medium (siDSC2 group). The coding strand of
DSC2 siRNA-1 was 5-CUUUACAGCUGCAAAU
CUATTUAGAUUUGCAGCUGUAAAGTT-3’, DSC2
siRNA-2 was 5'-CUGGAGAUGACAAAGUGUATTU
ACACUUUGUCA UCUCCAGTT-3', and the negative
control coding strand (NC group) was 5'-UUCU
CCGAACGUGUCACGUTTACGUGACACGUUCGG
AGAATT-3'. After incubation for 6 h, the Opti-MEM
culture medium was replaced with culture medium with
10% fetal bovine serum (without antibiotics). Then, the
cells were incubated in a 5% CO2 incubator at 37° C for
48 h.

CRISPR/Cas9-induced knockout of the DSC2 gene

Designed primers with NM_024422.6, then constructed
sgRNA vectors targeting the human DSC2 gene. gRNA
Sequence (target exon 1+2), DSC2-gRNA 1: GGCTAG
ATGGTGTCTATACATGG, DSC2-gRNA 2: CACT
TAGACATTTCTAGACAAGG. Reaction conditions: 5
min at 94° C, 10 min at 70° C, 10 min at 55° C, and
10 min at 40° C. Subsequently, the vectors of sgRNA-
DSC2 or Cas9 were inserted into the CRISPR EGFP
plasmid. Then, cells (2 x 107 cells per well) were seeded
into 6-well plates. After transfecting with CRISPR
DSC2-EGFP plasmid for 48 h, EGFP-positive cells
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were sorted. After six weeks, the clones were collected
and the knockout of DSC2 expression (sgRNA-DSC2
group) was detected by photo and qRT-PCR
(Supplementary Figure 1). Negative control cells
(sgRNA-NC group) were transfected with the empty
vector.

Stable overexpression of human DSC2 gene

Cells (2x10° cells per well) were seeded into 6-well
plates. After transfecting with LV-EFS promoter>
hDSC2[NM _024422.6]-CMV>EGFP/T2A/Puro plasmid
for 48 h, EGFP-positive cells (Lenti-DSC2 group)
were sorted. Negative control cells (lenti-NC group)
were transfected with the vector of LV-CMV>EGFP/
T2A/Puro.

Western blot analysis

Cells or tissues were lysed in RIPA buffer and protein
concentration was determined by BCA protein assay.
Nuclear extraction from total lysis was performed using
Subcellular ~ Structure Cytoplasmic and Nuclear
Extraction Kit. Then, proteins were separated by 10%
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). After electrophoresis, the
proteins were electrotransferred to PVDF membrane
(Millipore, Billerica, USA) and then blocked with 5%
non-fat milk for 4 h. The primary antibodies against
DSC2 (#53485, Santa Cruz Biotechnology, USA), p-
PI3K (#0854, ABclonal Technology, Wuhan, China),
PI3K (#4255, Cell  Signaling  Technology,
Massachusetts, USA), p-AKT (#66444, Proteintech,
Wuhan, China), Akt (#60203, Proteintech, Wubhan,
China), Cyto-C (#4280, Cell Signaling Technology,
Massachusetts, USA), caspase-3 (#66470, Proteintech,
Wuhan, China), BCL-2 (#12789, Proteintech, Wuhan,
China), p53 (#AF0879, Affinity Biotechnology, USA),
PTEN (#60300, Proteintech, Wuhan, China), y-catenin
(#66445, Proteintech, Wuhan, China), Lamin BI1
(internal reference for the nucleus, #AF5161, Affinity
Biotechnology, USA), and B-actin (internal reference
for the total cell, #ZF-0313, ZS Bio, Beijing, China)
were used.

Co-immunoprecipitation (Co-IP)

Cells of each group were lysed in lysis buffer, and the
supernatants were removed after centrifugation. Half of
the supernatant was taken as the input sample. The
remainder was used as the IP sample. Antibodies
conjugated with magnetic protein G beads (Santa Cruz
Biotechnology, Beijing, China) were added to the IP
samples for an overnight incubation at 4° C.
Subsequently, the immunocomplexes of DSC2/y-
catenin were recovered and boiled. Thereafter, the

expressions of associated proteins were detected by
western blot.

MTT assay

Cells from each group (3-4 x 10° cells per well) were
dispensed into 96-well plates and incubated for 24 h.
After washing with PBS, cells were incubated in culture
medium containing 20 pL of MTT solution (5 mg/mL in
phosphate-buffered saline; PBS) for a further 4 h at
37° C. The medium was removed and replaced with
150 uL of DMSO to dissolve the formazan crystal. The
absorbance was measured at 570 nm using Thermo
Multiskan GO microplate reader (Thermo-1510, CA,
USA).

Sperm DNA fragmentation assay

Cells from each group were labeled with 5-
bromodeoxyuridine (BrdU), and then Ilysed in
incubation buffer. The supernatant was collected after
centrifugation and treated with anti-DNA antibody
coated Quantikine ELISA kits (R&D Systems, MN,
USA) overnight at 4° C. In brief, 100 uL of supernatant
from each well was added into the Quantikine ELISA
kits, and cultured at room temperature for 90 min. The
DNA was denatured by heating with medium fire for 5
min to expose BrdU for easy detection. Then, the
samples were incubated with 100 puL of anti-BrdU-POD
antibody per well at room temperature for 90 min. We
added 100 pL tetramethylbenzidine (TMB) per well,
and the absorbance was detected at 450 nm with a
Thermo Multiskan GO microplate reader (Thermo-
1510, CA, USA).

Caspase-3 activity assay

Cells from each group were lysed in lysis buffer. Then,
the protein concentration was determined by Bradford
protein assay. Protein (150 pg), 10 pL caspase-3
substrate (5 UM Ac-DEVD-AMC), and 10 pL caspase-3
inhibitor (1 pM Ac-DEVD-CHO) were mixed and
seeded into 96-well plates at 37° C for 1 h. The
absorbance was determined at 355 nm using the
Microplate Luminometer (LB960, Berthold, German).

Immunofluorescence staining

Cells, from each group, seeded into 24-well plates with
a coverslip per well were subsequently fixed in 4%
paraformaldehyde prepared with PBS at room
temperature for 20 min, and permeabilized with PBS for
30 min, then incubated with DSC2 antibody at 4° C
overnight. Subsequently, the cells were washed with
PBS and incubated with secondary antibody at room
temperature for 1 h. After that, cells were labeled with
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Hoechst 33342 to stain the nuclei, and fluorescence
images were taken with a fluorescence microscope
(NIKON Ti-U, Nikon, Japan).

Mouse tumor xenograft and IVIS imaging

Five-week-old BALB/c nude mice were raised under
sterile conditions. All mice were purchased from the
Animal Center of China Academy of Medical Science
(Beijing, China). All animal experimental procedures
conformed to the Institutional Guidelines of Animal
Care and Use Committee of Shandong University. The
mice were divided randomly into four groups (n =5 per
group): sgRNA-NC group, sgRNA-DSC2 group, lenti-
NC group, and Lenti-DSC2 group.

MGC-803 cells (I x 107) from each group were
inoculated to the scapular region of each nude mouse.
The mouse weights and tumor sizes were measured
every three days. The fluorescence signals of xenografts
in all mice were taken with the IVIS Kinetic in vivo
imaging system at day 24. Then, all mice were
euthanized and the xenografts were surgically removed
and weighed. Both the long and short axes of removed
tumors were determined by vernier caliper
measurements. The formula V =L x W2 /2 was used to
determine the tumor volume (V); W refers to the short
axis and L refers to the long axis.

Liquid chromatography-tandem mass spectrometry
(LC-MS/MS) assay

Extracted the protein of MGC-803 cells in lenti-NC or
Lenti-DSC2  group. Antibodies conjugated with
magnetic protein G beads (Santa Cruz Biotechnology,
Beijing, China) were added to the samples for an
overnight incubation at 4° C. Subsequently, the samples
were recovered and boiled. Then, immunoprecipitation
elution was loaded onto an SDS-PAGE gel for the next
phase of protein separation. Gel pieces were cut from
SDS-PAGE and dimensional gel was excised, trypsin-
digested, and desalted. Each fraction was injected for
nano LC-MS/MS analysis. The instrument was run with
the peptide recognition mode enabled. Spectra were
searched using the MASCOT engine (Matrix Science,
London, UK; version 2.2) against a nonredundant
International Protein Index arabidopsis sequence
database v3.85 from the European Bioinformatics
Institute (http://www.ebi.ac.uk/).

Statistical analysis

Unless stated otherwise, all quantitative data are
expressed as mean = SEM. Statistical comparisons
were performed by one-way analysis of variance.
A P-value < 0.05 was considered statistically

significant. Statistical analysis was performed using
the SPSS/Win 16.0 software. Kaplan-meier survival
analysis was perform on “KM-plotter” (accessed on:
https://kmplot.com/analysis/index.php?p=service.)
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SUPPLEMENTARY MATERIALS

Supplementary Figures
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Supplementary Figure 1. DSC2 was knocked down in MGC-803 cells significantly after transfecting with vectors that were
inserted into the CRISPR EGFP plasmid. (A) Positive clone MGC-803 cells were photoed (100 x). (B) DSC2 gene in sgRNA-NC and sgRNA-
DSC2 were detected by qRT-PCR. Data are presented as mean + SEM from three separate experiments. ***p<0.001 vs. sgRNA-NC.
(C) Comparison of DSC2 expression of paired samples in breast invasive carcinoma (BRCA), colon adenocarcinoma (COAD), rectum
adenocarcinoma (READ), which was collected from the TCGA database. ***p<0.001 vs. Tumor tissues.
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Supplementary Figure 2. DSC2 inhibited the y-catenin nuclear translocation and suppressed the PI3K/AKT signaling pathway
of SGC-7901 cells. (A) Co-IP assay was performed to analyze the interaction of DSC2/y-catenin by DSC2. The data are represented as mean
+ SEM, n=3. ¥**p<0.001 vs. Lenti-NC. After being transfected with siDSC2 or stably expressing DSC2 gene of SGC-7901 cells, (B) the level of y-
catenin accumulated in the nucleus was detected by immunofluorescence assay. The scale bar = 20 um. (C) The expression of y-catenin, BCL-
2 and P53 in nucleus was determined by Western blot assay. (D) The expressions of y-catenin, P53, PTEN, pro-PI3K, p-PI3K, pro-AKT, p-AKT
were detected by Western blot assay. The data are represented as mean = SEM, n=3. **p<0.01 and ***p<0.001 vs. BC. ##p<0.01 and
###p<0.001 vs. Si-NC or Lenti-NC group. (E, F) the expressions of PTEN, pro-PI3K, p-PI3K, pro-AKT, p-AKT were detected by Western blot
assay. Data are presented as mean + SEM from three separate experiments. ***p<0.001 vs. BC. ###p<0.001 vs. Si-NC or Lenti-NC.
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Supplementary Figure 3. DSC2 inhibited viability of SGC-7901 cells through suppressing PI3K/AKT signaling pathway. Effect of
DSC2 on the viability of GC cells in the presence of LY294002 and IGF1 was determined by Caspase-3 activity assay (A), Sperm DNA
fragmentation assay (B) and MTT assay (C). Data are presented as mean + SEM from three separate experiments. *¥p<0.05 and ***p<0.001 vs.
Lenti-NC or Lenti-DSC2 group. (D, E) The levels of y-catenin both in cells and in the nucleus among SGC-7901 cells that treated with LY294002
or IGF1, were tested by Western blot assay. The data are represented as mean + SEM, n=3. ***p<0.001 vs. Lenti-NC.
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Supplementary Tables

Supplementary Table 1. Proteomic analysis of proteins linked by DSC2.

% Coverage of

Gene name Protein Name Pfgl;t;/dois con9fi5((1ye:)nce
intervals
DSP Desmoplakin 48 18
KRTI Cytokeratin-1 35 60
TFRC Transferrin receptor protein 1 30 47
KRT9 Keratin, type I cytoskeletal 9 30 65
BRD4 Bromodomain-containing protein 4 29 55
ALB Albumin 26 43
PLEC Plectin 20 6
Cation-independent mannose-6-phosphate
IGF2R receptor 20 9
HSPD1 60 kDa chaperonin 20 47
JUP Junction plakoglobin 19 35
Acyl-Coenzyme A dehydrogenase family,
ACAD9 member 9, isoform CRA b 19 42
PKM Pyruvate kinase PKM 17 41
HSPA1B Heat shock 70 kDa protein 1B 16 39
KRAS KRAS protein 16 25
CTNNA1 Catenin alpha-1 16 22
TRIM21 E3 ubiquitin-protein ligase TRIM21 15 32
LTF Lactotransferrin 15 26
EEF2 Elongation factor 2 15 22
ANXA?2 Annexin A2 15 44
ITGB1 Integrin beta 14 21
HSPAS Heat shock cognate 71 kDa protein 14 45
Lysosome-associated membrane
LAMPI glycoprotein 1 14 23
HSP90ABI Heat shock protein HSP 90-beta 14 34
DSGl1 Desmoglein-1 14 18
TUFM Elongation factor Tu 13 28
KRT80 Keratin, type II cytoskeletal 80 13 31
DDXS5 DEAD box protein 5 12 29
VIM Vimentin 11 28
RPS4X RPS4X protein 11 44
LMNBI Lamin-B1 11 34
ITGAV Integrin alpha-V 11 10
DDX3X ATP-dependent RNA helicase DDX3X 11 22
Sarcoplasmic/endoplasmic reticulum
ATP2A1 calcium ATPase 1 11 11
AZGP1 Zinc-alpha-2-glycoprotein 10 30
ALDOA Fructose-bisphosphate aldolase A 10 34
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