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Ovarian cancer is the deadliest of all gynecologic malignancies. Metastatic ovarian cancer cells exist mainly
in the form of multi-cellular spheroids (MCSs) in the ascites of patients with advanced ovarian cancer. We
hypothesized that E-cadherin, as an important cell-adhesion molecule, might play an important role in the
formation and survival of MCSs. Therefore, we established a three-dimensional suspension culture model of
ovarian cancer cells that express high levels of E-cadherin to investigate their growth, proliferation, and
resistance to chemotherapeutic drugs by CCK-8 assays. Compared to the cell suspension masses formed by
cells with low or absent E-cadherin expression, the MCSs of high E-cadherin SKOV-3 cells had larger
volumes, tighter cellular connections, and longer survival times. Although the suspension cell masses of all
three cell lines were proliferatively stagnant, possibly due to cell cycle arrest at G1/S, cell mortality at 72 h
after cisplatin treatment was significantly decreased in the high E-cadherin SKOV-3 cells compared to
SKOV-3 cells without E-cadherin expression and to OVCAR-3 cells with low E-cadherin expression. We
conclude, therefore, E-cadherin plays a vital role in MCS formation, maintenance, and drug resistance in
ovarian cancer and could be a potential target for late-stage ovarian cancer treatment.

O
varian cancer is one of the most common cancers in women and is the deadliest of all malignant
gynecological tumors1,2. Due to the absence of symptoms in early ovarian cancer, most patients are
diagnosed at a late stage with extensive abdominal metastasis3. In late-stage cancer, the development of

refractory ascites will not only aggravate the patient’s pain, but also provide a suitable environment for the
survival and transfer of the metastatic cancer cells leading to the poor prognosis of advanced ovarian cancer4,5.
Ovarian cancer cells exist in the ovary as single cells or as a spherical multi-cell aggregated mass known as a multi-
cell spheroid (MCS) in ascites. Increasing evidence has shown that the formation of MCSs is necessary for ovarian
cancer cells to survive and metastasize after shedding from original tumor lesions6. Kristy found that suspended
ovarian cancer cell masses cultured in an appropriate media could survive more than 10 days and expand in
volume, but suspended normal ovarian cells could survive only up to 2 days7. Suspension MCSs behave in a
similar manner to tumor cell masses in vivo. This property overcomes the limitations of using adherent mono-
layer cells in research because such monolayers have different biological behaviors, including differences in drug
resistance, and are poor representations of in vivo tumor cells8–11. Therefore, it is of great clinical relevance to
establish a stable suspension MCS model of ovarian cancer cells because this will enable us to properly study the
characteristics of tumor cells in the ascites of late-stage ovarian cancer, especially in terms of resistance to
chemotherapy drugs.

MCSs allow for the anchorage-independent growth of tumor cells, and the maintenance and function of MCSs
in suspension depends to large extent on intracellular adhesion molecules12. Kin suggested that members of the
cadherin family play an important role in the formation of MCS suspensions13. Shane demonstrated that tight
junctions among HT29 colon tumor cells in MCS suspensions desensitized the cells to cytotoxic drugs and that
disruption of E-cadherin–mediated cell-cell adhesion could restore the sensitivity to chemotherapeutics14. E-
cadherin, as an intercellular adhesion molecule, was initially believed to be a tumor suppressor15–19. However,
recent research has revealed that E-cadherin plays a more complicated role than just inhibiting the metastasis of
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tumor cells20. In breast cancer, the down-regulation or loss of E-
cadherin indicates tumor aggressiveness and poor prognosis, but
the expression of E-cadherin is necessary for the adhesion and
aggregation of cells in MCS suspensions21. It is noteworthy that E-
cadherin might play different roles in ovarian cancer compared to
other types of cancers. For instance, in normal ovarian surface epi-
thelium (OSE), E-cadherin over-expression is found only in the OSE
located in the deep clefts, invaginations, and inclusion cysts that are
prone to cancerization22,23. OSE exhibits remarkable phenotypic plas-
ticity that displays both epithelial and mesenchymal characteristics
and undergoes mesenchymal to epithelial transition (MET) with ele-
vated expression of E-cadherin and other epithelial markers during
transformation24,25. Stable expression of E-cadherin was also found in
advanced ovarian cancer and its metastases22,26. The E-cadherin
expression level is significantly higher in ovarian cancer cells than
in normal ovarian epithelial cells, and it activates the PI3K/AKT and
MEK/ERK signaling pathways by mediating cell-cell adhesion27–30.
This promotes the growth and proliferation of ovarian cancer cells
indicating a possibly unique and critical function of E-cadherin in
ovarian cancer cells in MCS suspensions. Nevertheless, the roles and
mechanisms of E-cadherin in ovarian cancer cells remain uncertain31.

In this study, we compared the growth and proliferation in three-
dimensional suspension cultures of three types of ovarian cancer cells
with different levels of E-cadherin expression. We established an
MCS model using cells with high E-cadherin expression, and this
allowed us to analyze the role of E-cadherin in the formation, main-
tenance, and drug-resistance of ovarian cancer MCSs.

Results
Differences in E-cadherin expression level and cell morphology
among three kinds of ovarian cancer cells. Both western blot

analysis (Figure 1A and 1B) and immunofluorescence experiments
(Figure 1D) confirmed that the E-cadherin expression level was high
in SK-H cells (SKOV-3 cells expressing high levels of E-cadherin),
low in OV-L cells (OVCAR-3 cells expressing low levels of E-
cadherin), and absent in SK-N cells (SKOV-3 cells expressing no
E-cadherin). Figure 1C shows the differences in cell morphology
among the three cell lines with different levels of E-cadherin
expression. SK-H cells were larger, more spherical, and grew in
aggregations of cells. OV-L cells were small, polygonal, and evenly
distributed. SK-N cells were also small but were spindle-shaped. This
suggests that E-cadherin might play a role in the maintenance of cell
morphology and growth distribution.

Establishment of the suspension MCS model of ovarian cancer
cells. Table 1 shows the growth characteristics of the three ovarian
cancer cell lines with different E-cadherin expression levels. Both the
suspension SK-N cell mass (SK-N-M) and OV-L cell mass (OV-L-
M) showed small volumes, short lifetimes, and loose intercellular
connections with unstable and incomplete sphere formation. SK-H
cells formed complete spheres with larger volumes, had tighter
intercellular connections, and had longer lifetimes of almost a
month. Because the suspension SK-H cell mass (SK-H-M) showed
the best suspension effect, this was chosen to establish the suspension
MCS growth model to mimic and study the biological characteristics
of ovarian cancer cells that float, survive, and metastasize in ascites.

Based on the formation, maintenance, and dissociation of the SK-
H-M, we divided the entire development process into the following
five stages (Figure 2 and Figure 3):

A. Small cell mass stage (Day 1). Individual ovarian cancer cells in
suspension approach each other and begin to aggregate. Some
scattered small cell masses can be seen.

Figure 1 | Differences of E-cadherin expression and morphology among three ovarian cancer cell lines. SK-H, SKOV-3 cells with high expression

of E-cadherin; OV-L, OVCAR-3 cells with low expression of E-cadherin; SK-N, SKOV-3 cells with no expression of E-cadherin. The scale bar is 200 mm.

The gels have been cropped to show the specific bands.
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B. Medium cell mass stage (Day 1–2). The number of small cell
masses increases and they begin to gather into medium-sized
cell masses.

C. MCS formation stage (Day 2–3). The cell masses further aggreg-
ate into large and intact MCSs with tight intercellular connec-
tions.

D. MCS maintenance stage (Day 3–30). The MCSs are maintained
with a stable morphology for a relatively long time.

E. MCS dispersion stage (Day 30–32). Intercellular connections
gradually become weaker and the MCSs disperse into small cell
masses or individual cells. (Figure 3).

E-cadherin promotes the formation of suspended ovarian cancer
MCSs. To further investigate the function of E-cadherin in
suspended ovarian cancer MCSs, we used the calcium chelator
EDTA to conduct a separation experiment on the SK-H-M at 72 h
after placing the cells in suspension (stage D in the scheme shown
above). Trypsin-treated cells were used as the control group. EDTA
chelates calcium ions and thus blocks the function of E-cadherin,
which is calcium-dependent. As shown in Figure 4, ten minutes after
the addition of 4 mmol/L EDTA the intercellular connections
between the suspended MCS became loose and the large cell mass
fell apart into smaller masses. For the next 20 minutes the cell masses
gradually became smaller. The EDTA-treated cells were finally
digested for 10 minutes with trypsin and this resulted in the small
cell masses dissociating into individual cells or into mini cell masses
containing only a few cells (Fig. 4A–4C). In the control group, the
MCSs digested with trypsin for 10 minutes remained as large cell
masses (Fig. 4D), and this demonstrated a far weaker effect of trypsin
compared to EDTA. After 30 minutes of trypsin digestion, the
intercellular connections became loose but the cell mass remained
large (Fig. 4E). EDTA was then added to these cell masses and after
30 minutes the cell masses had dispersed into small cell masses or
individual cells (Fig. 4F).

Suspended ovarian cancer cells remain in a proliferation-
quiescent state due to G1/S arrest. To study the growth and
proliferation state of suspended ovarian cancer cells and the
possible relationship of this state with E-cadherin, we cultured the
cells with different levels of E-cadherin expression in suspension or
as adherent monolayers. We used the CCK-8 kit to detect cell
proliferation activity at 24 h, 48 h, and 72 h and also studied their
cell cycles by fluorescence-activated cell sorting (FACS) flow
cytometry. The results showed that after 72 h of culture the
proliferation activities of all three suspended cell masses were
significantly lower than their respective controls grown as adherent
cells (P , 0.05). The optical density readings of SK-H-M at three
different time points showed no obvious difference (P . 0.05) nor
did the readings of SK-N-M or OV-L-M cells (P . 0.05). In addition,
no significant difference in proliferation activity was observed among
these three cell lines in suspension at any of the three time points (P
. 0.05 for all). Thus we inferred that ovarian cancer cells in
suspension exist in a proliferation-quiescent state and that this is
not correlated with the E-cadherin expression level. (Figure 5).

From the cell cycle analysis, an obvious G1/S arrest was observed
in suspended cells of all the three cell lines compared to the cells in
adhesive growth despite different expression levels of E-cadherin. In
suspended cells of all three ovarian cancer cell lines, the percentage of
cells in G1 phase increased significantly and the percentage of cells in
S phase decreased significantly in contrast to their respective adhes-
ive phenotypes (P , 0.05 for all). However, there were no obvious
differences in the proportions of cells at different stages of the cell
cycles among the three cells lines studied, in either suspension or
adhesion and regardless of the expression level of E-cadherin (P .

0.05 for both) (Figure 6).

Positive correlation between drug resistance and E-cadherin ex-
pression level in suspended ovarian cancer cells. To study the drug
resistance of suspended cells and its correlation with E-cadherin
expression, we treated suspended and adherent cultures of the

Table 1 | Characteristics of suspended cell masses of three ovarian cancer cell lines with different levels of E-cadherin expression

Cell lines Mean lifetime Maximum size (mm) Morphology Cell-cell connection

SK-H-M Longest, 30 days 4.38 3 2.86 Standard spheroid Tight
SK-N-M Shortest, 13 days 4.49 3 2.31 Irregular Loose
OV-L-M Medium, 22 days 3.53 3 1.96 Irregular Loose

Figure 2 | Staging of multi-cellular spheroid (MCS) formation in three ovarian cancer cell lines with different E-cadherin expression levels.
Stage A) Small cell mass stage. Stage B) Medium cell mass stage. Stage C) MCS formation stage. Stage D) MCS maintenance stage. Stage E) MCS

dispersion stage. The scale bar is 2.0 mm.
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three cell lines with cisplatin (5 mg/mL), a common chemotherapeu-
tic drug. CCK8 assays were conducted to determine the cell survival
at 24 h, 48 h, and 72 h after cisplatin treatment. As shown in Table 2,
the mortality rates of the suspended cells were all significantly lower
than the respective adherent cells for all three cell lines after 72 h of
cisplatin treatment (P , 0.05) indicating a higher drug resistance to
cisplatin in suspended cells than in adherent cells. In addition, the
mortality of SK-H cells was significantly lower than SK-N cells and
OV-L cells in both the suspended and adherent cultures respectively
after 72 h of cisplatin treatment (P , 0.05 for both). This result
suggests that E-cadherin plays an important role in drug resistance
in both suspended cell masses and adherent ovarian cancer cells
(Figure 7).

Discussion
The metastasis of ovarian cancer cells occurs primarily in the abdom-
inal cavity and appears as regional infiltration, and this is different
from the systemic metastasis through the vasculature seen in other
advanced tumors. It has also been demonstrated that the invasion
and metastasis of ovarian cancer cells in the abdominal cavity is
usually accompanied by the generation of massive refractory ascites
that assist cancer cell migration during peritoneal metastasis, espe-
cially in late-stage and high-grade serous carcinoma32.

In order to study the biological characteristics of ovarian cancer
cells in ascites during metastasis, we established a three-dimensional
suspension MCS model to mimic the state of ovarian cancer cells in
ascites and investigated behaviors such as growth, proliferation, and
drug resistance. We found that SKOV-3 cells with high E-cadherin
expression had tighter cell-cell contacts, intact MCS formation, and
longer lifetimes compared to ovarian cancer cells with low or absent
expression of E-cadherin. Upon blocking the function of E-cadherin

with the calcium chelator EDTA, the suspended MCSs gradually
dissociated and lost volume as the cells separated and escaped from
the MCS. This result is consistent with previous studies in which
Hayward found that LIM1863 colon cancer cells could only form
as single-cell suspensions instead of MCSs in a low-calcium culture
medium indicating that calcium-dependent cell adhesion was indis-
pensable for MCS formation33. It has also been shown that E-cad-
herin can mediate the non-anchorage dependent growth of HSC-3
oral squamous carcinoma cells and Ewing sarcoma cells34,35.
Moreover, the E-cadherin expression level in MCSs of Ewing sar-
coma cells is significantly increased. A number of studies have con-
firmed that in addition to the expression of E-cadherin on the cell
surface, the expression of downstream signaling proteins P27 and
P130 might also participate in the formation of MCSs36,37.

We propose that high expression of E-cadherin might be a key
factor in the formation and maintenance of suspensions of ovarian
cancer MCSs. However, it has been reported that the expression level
of E-cadherin in ovarian cancer cells in ascites and metastatic sites is
lower than that of cells in the primary tumor sites38 and that the cells
with low expression levels of E-cadherin are more invasive and more
prone to spread intra-abdominally32. We speculate that E-cadherin
expression is likely to be a dynamic process during abdominal
ovarian cancer development that includes the formation, mainten-
ance, dissociation, and secondary colonization of cell masses in the
ascites. We propose that E-cadherin plays an indispensable role in
the MCS formation and maintenance phases during the above
process.

In the cisplatin sensitivity test, the cells in suspension showed
significantly reduced mortality compared to the corresponding
adherent cells after 72 h of cisplatin treatment regardless of whether
the E-cadherin expression was high, low, or absent. These data sug-
gest that suspension cultures significantly reduce the sensitivity of
cells to cisplatin, which is in line with the results from Kang35 who
demonstrated that Ewing sarcoma cells in a three-dimensional state
exhibited significantly greater carboplatin resistance than cells in a
monolayer state. Previous research showed that adherent monolayer
cells had completely different biological characteristics compared to
MCSs. In particular, it was shown that paclitaxel can induce G2-M
phase arrest and cell apoptosis in adherent monolayer ovarian cancer
cells but not in ovarian cancer MCSs8,9.

Figure 3 | Changes in the characteristics of the MCS dispersion process in
SKOV-3 cells with high E-cadherin expression. The scale bar is 500 mm.

Figure 4 | MCS separation test in SKOV-3 cells with high E-cadherin
expression. Seventy-two hours after SK-H suspension culture – when the

MCSs were stable – the medium of the experimental group was changed to

serum-free medium containing the following additives. A) The SK-H-M

treated with 4 mmol/L EDTA for 10 minutes. B) The SK-H-M treated with

4 mmol/L EDTA continuously for 30 minutes. C) The SK-H-M treated

with trypsin digestion for 10 minutes without EDTA after the EDTA

treatment in (B). D) The SK-H-M digested with trypsin without EDTA for

10 minutes. E) The SK-H-M digested with trypsin for 30 minutes. F) The

SK-H-M treated with EDTA for 30 minutes after treatment with trypsin in

(E).

Figure 5 | Cell proliferation assays of suspended or adherent cultures of
ovarian cancer cells with different levels of E-cadherin expression. *: After

72 hours of culture, the proliferation activities of the three suspended

masses were significantly lower than their respective adherent cells (P ,

0.05). m: The optical density value of SK-H-M at the three different time

points showed no obvious difference (P . 0.05). Neither did that of SK-N-

M or OV-L-M cells (P . 0.05 for both). #: There was no significant

difference in proliferation activity at 24 h among the three cell lines (P .

0.05). @: There was no significant difference in proliferation activity at 48 h

among the three cell lines (P . 0.05). $: There was no significant difference

in proliferation activity at 72 h among the three cell lines (P . 0.05).
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Figure 6 | Cell cycle analysis of suspended or adherent ovarian cancer cells with different levels of E-cadherin expression.
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In the present study, the MCSs with high E-cadherin expression
had significantly lower mortality after 72 h of cisplatin treatment
compared to the MCSs with absent or low expression of E-cadherin,
and this suggests the important role of E-cadherin in the chemo-
resistance of MCSs in suspension. In vitro studies have shown that
anti-E-cadherin antibodies can restore the sensitivity of suspended
MCSs of HT29 colon cancer cells to the chemotherapy drugs pacli-
taxel, fluorouracil, and etoposide14. E-cadherin promotes the forma-
tion and maintenance of suspension MCSs by mediating the
intercellular adhesion among adjacent cells. This enables the MCSs
to survive in the ascites by resisting the toxic effects of chemotherapy
drugs, which might serve as a prerequisite for ovarian cancer cells to
diffuse or relapse into the abdominal cavity. Gary suggested that the
formation of suspended MCSs could decrease the drug sensitivity of
the tumor cells by preventing the drug from penetrating into the
MCS core39. Thus, E-cadherin supports the structure of the MCSs
with tight cellular junctions that can prevent the diffusion and infil-
tration of chemotherapeutic drugs into the MCS. This can be a
potential drug-resistance mechanism for suspended MCSs.
Notably, E-cadherin also played a role in drug resistance in adherent
cells through an unknown mechanism. In suspended cells, this func-
tion of E-cadherin might be further strengthened by inducing the
formation of MCSs. In addition to the role of E-cadherin, N-
cadherin–mediated apoptosis evasion mechanisms40 and related
drug-resistance gene changes are both likely to contribute to drug
resistance in suspended MCSs41.

Cell proliferation was found to be relatively static at different time
points in suspensions of all three cell lines with different levels of E-
cadherin expression. This situation is similar to hepatocellular car-
cinoma cell line BEL7402 whose growth and proliferation were
blocked after cell aggregation in a ‘synoikis-like’ manner resulting
in anoikis evasion and fluorouracil resistance42. We hypothesize that
the relatively quiescent state of MCS proliferation is closely related to
the increase in drug resistance. Furthermore, although there are
significant differences in the ability of MCSs to form among the three
cell lines, no significant differences exist in proliferation among these
cells. This finding suggests that E-cadherin might enhance cell adhe-
sion and aggregation rather than promote cell proliferation via cer-
tain mechanisms43.

It is well known that tumor cells at different phases of the cell cycle
have different sensitivities to chemotherapy drugs, i.e., more active
proliferation leads to higher drug sensitivity. Green and his collea-
gues found that expression of cyclin-dependent kinase inhibitor p27
decreased the sensitivity to cyclophosphamide in HT29 colon cancer
cells44. Therefore, the stability and lack of proliferation of the sus-
pension cell mass might be essential for its drug resistance. In our
research, FACS analysis with propidium iodide staining showed a
significant increase in the proportion of cells in the G1-S phase in the
suspended cells compared with adhesive monolayer cells. This G1-S
arrest phenomenon could account for the quiescent phenotype of
cells by blocking DNA replication at the restriction checkpoint.
Although some researchers reported that the expression of p130
and retinoblastoma protein (p130/Rb) contributed to the regulation
of the cell cycles of MCSs45, the mechanism behind the cell cycle
arrest of suspended cultures remains elusive and needs further
research. The role of E-cadherin in this process is still unclear. We

propose that under the regulation of relevant gene expression, sus-
pended ovarian cancer cell masses would pass through G1 phase and
enter the S phase of the cell cycle when the surrounding environment
becomes appropriate for invasion and re-colonization at a new site to
complete the process of peritoneal dissemination. However, the
mechanism behind such a process and its relationship with drug
resistance remains ambiguous and complicated and further research
is required.

In summary, E-cadherin plays a vital role in MCS formation,
maintenance, and drug resistance in ovarian cancer and this might
account for one of the mechanisms of anoikis resistance, survival,
migration, and re-colonization of advanced ovarian cancer cells in
the abdomen. Therefore, E-cadherin could be a potential target for
preventing metastasis of ovarian cancer cells. Down-regulation of E-
cadherin expression might inhibit the formation and maintenance of
MCSs and restore the sensitivity of ovarian cancer cells to che-
motherapeutic drugs. Such research has the potential to increase
chemotherapeutic efficiency and prolong survival in late-stage
ovarian cancer patients.

Methods
Cell culture and immunofluorescence staining. SK-H and OV-L cells were
purchased from the Cancer Center Lab, Chinese Academy of Medical Sciences. SK-N
cells were purchased from the Cell Bank, Chinese Academy of Science. SK-H and SK-
N cells were cultured in RPMI-1640 (Gibco, UK) and OV-L cells were cultured in
DMEM-F12 (Hyclone, China). All cell lines were maintained in an incubator at 37uC
with a relative humidity of 90% and 5% CO2. Cells were passaged when confluence
reached 90%. Immunofluorescence staining was performed as described earlier29.

Three-dimensional suspension culture of ovarian cancer cells. To mimic the
suspension condition of ovarian cancer cells in the ascetic fluid, poly 2-hydroxylethyl
methacrylate (Poly-HEMA) gel was coated on the bottoms of the wells of a 24-well
culture plate to prevent cell adherent growth46,47. A stock solution of Poly-HEMA gel
with a final concentration of 120 mg/mL was prepared by mixing 4.8 g Poly-HEMA
gel with 40 mL 95% ethanol with stirring at 55uC–65uC until the gel was totally
dissolved. The working solution was made by diluting the stock solution with 95%
ethanol to 12 mg/mL. A total of 500 mL of the working solution was added to each
well of the plate. The plate was air-dried in a laminar flow cabinet and washed with
PBS three times before use. A total of 5 3 104 cells per well of each type of ovarian
cancer cell were cultured both in the treated plates (the suspension cell group) and in
untreated plates as controls (the adhesion cell group). Cell morphology was
monitored daily and the subsequent experiments were carried out accordingly.

Calcium depletion experiment. Stable MCSs had formed in the SK-H suspension
culture by 72 hours, at which time the medium of the experiment group was changed
to serum-free medium with 4 mmol/L EDTA for 10–30 minutes followed by trypsin
digestion for 10 minutes without EDTA. For the control group, the MCSs were first
digested with trypsin without EDTA for 10–30 minutes and then were treated with

Table 2 | Mortalities of suspended or adherent cells with different
levels of E-cadherin expression after cisplatin treatment for 72 h

Cell line
Growth
state SK-H OV-L SK-N

Suspension 9.5% 6 0.1% 38.5% 6 9.2% 34.0% 6 1.4%
Adherence 47.5% 6 2.1% 58.0% 6 5.3% 60.3% 6 2.1%

Figure 7 | Drug resistance to cisplatin in suspended or adherent ovarian
cancer cells with different levels of E-cadherin expression. m: After 72 h of

cisplatin treatment, the mortality rates of of all three types of suspended

cells were significantly lower than their respective adherent cells

(P , 0.05). #: After 72 h of cisplatin treatment, the mortality of suspended

SK-H-M cells was significantly lower than SK-N-M cells and OV-L-M

cells (P , 0.05). *: After 72 h of cisplatin treatment, the mortality of

adherent SK-H-A cells was significantly lower than SK-N-A cells and

OV-L-A cells (P , 0.05).
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EDTA for 30 minutes. The separation processes of the MCSs in both groups were
observed and compared.

Cell proliferation assay. SK-H, SK-N, and OV-L cells were inoculated at 5 3 104 cells
per well in Poly-HEMA gel-coated 96 well plates. Adherent monolayer cells were used
as the control group, and three replications were performed for each group. Cell
proliferation was measured with the CCK8 cell proliferation assay kit (Bestbio,
China) at 24 h, 48 h, and 72 h after inoculation.

Cell cycle analysis. The three kinds of ovarian cancer cells under adherent or
suspended culturing were harvested by trypsinization and the calcium-chelating
function of EGTA (for suspended cells only) at 72 h after incubation. After washing
with pre-cooled PBS, cells were centrifuged at 400 3 g for 5 min at 4uC and were fixed
with 70% pre-cooled ethanol at 4uC overnight. Cells were then centrifuged for 5 min
at 1200 rpm, washed with PBS again and incubated for 30 min in PBS containing
10 mg/mL of RNase A at 37uC. After filtering through 400-mesh filter traps, the cells
were stained with 5 mg/mL of propidium iodide in darkness for 30 min. The stained
cells were measured on a FACSCanto II (BD Biosciences, San Jose, CA). The data
were analyzed for cell cycle stage using the ModFit software.

Drug resistance assay. After 60 h of cell culture as described above, the medium of
each well was changed to serum-free medium for a 12 h starvation. This was followed
by the addition of 5 mg/mL cisplatin to the experimental group and an equivalent
volume of pure medium to the control group. Three replications were performed for
each group. Cell survival was determined using a CCK8 cell proliferation assay kit
(Bestbio, China), and cell mortality was calculated to indicate the drug resistance of
the cells.

Western blot analysis. Cells were washed in cold PBS twice before lysis with a
mixture of lysis buffer and PMSF (Life, USA) in a 10051 ratio. The lysate was
centrifuged and the supernatant was collected for measuring the total protein
concentration with a Bradford protein concentration test kit (Beyotime, China). Five
times the volume of loading buffer (Beyotime) was mixed with the lysate and heated
for 10 minutes at 99uC. An 8% SDS-PAGE gel was used for electrophoresis with 25 mg
protein in each group. The proteins were transferred to PVDF membranes and the
membranes were blocked with 5% skim milk powder for 2 hours followed by
overnight incubation with mouse-anti-human E-cadherin monoclonal antibody
(153000 dilution, BD, USA) or b-actin (155000, Abcam Ltd., Cambridge, UK) as the
internal control. The membranes were incubated for 2 h with horseradish
peroxidase-conjugated goat anti-mouse secondary antibody (155000, Pierce, USA).
Blots were developed using 151 ECL developing solution and visualized with a
MiniBIS Pro gel imaging system (DNR, Israel). Quantitative analysis was done with
Image J software.

Statistical analysis. All experiments were repeated at least three times. SPSS 17.0 was
used for statistical analysis. The expression level of E-cadherin protein and cell
proliferation data were tested by one-way ANOVA. Survival rate data were analyzed
by Chi-squared test, and P , 0.05 was considered statistically significant. Data were
plotted and graphed using GraphPad Prism.
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