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Abstract

Purpose of investigation: Presence of subset of small population of cancer stem like cells called “Side
population” (SP) cells, which are responsible for multi-drug resistance and cancer relapse. The present
study was designed to reveal the possible link between elevated dysadherin and drug resistance of SP
cells from high-grade ovarian cancer.
Materials and methods: The cancer samples were analysed for presence of SP cells by fluorescence-
activated cell sorting method (FACs). By siRNA technology, the expression of dysadherin in SP cells was
compromised and therefore we compared the extent of drug and apoptosis sensitivity of SP cells.
Results: By FACS, we have identified 3.3% of side population cells in ovarian cancer. Further, the sorted
SP cells showed enhanced expression of dysadherin, ABCG2 (ABC transporter), stem cell markers such
as CD133, Oct-4, and EpCAM which are responsible for multi-drug resistance and maintenance of self-
renewal of SP cells. In addition, we showed that siRNA transfected SP cells, showed increased sensitivity
towards different chemotherapeutic drugs and apoptosis.
Conclusion: Our data suggest that ovarian cancer SP cells possess elevated expression of dysadherin
which are responsible for ABCG2 mediated drug resistance and reduced rate of apoptosis. Therefore,
novel anticancer drugs targeting the expression of dysadherin could effectively prevent the tumour
recurrence and metastasis.
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Introduction
Ovarian cancer is one of the leading causes for high mortality
rate among other gynaecological malignancies responsible for
approximately a 125,000 deaths annually [1,2]. Ovarian cancer
is known to be the seventh most common cancer and the fifth
leading cause of death among the women population,
worldwide [3,4]. Although the fatality of ovarian cancer is not
very severe in China (3.2 per 100,000 person/year), recent
reports suggest an upward trend in the progression of this
disease [5]. Although improvement has been made in the
treatment of this disease, through the combination of surgery,
radiation and chemotherapy using paclitaxel, gemcitabine,
cisplatin, etc. but the overall five-year survival-rate is less than
40% [6], mainly because of chemotherapy failure and tumour
recurrence [6,7]. Majority of the ovarian cancer are epithelial
cells of origin and hence they are termed as epithelial ovarian
cancer (EOC) [8]. Based on histological and pathological
grades, the ovarian cancer is categorized as Type I (low-grade
and heterogeneous) and Type II tumours (high-grade and
mostly serous) [8,9]. The prevalence of type II high grade
serous ovarian carcinoma (HGSC) is more than 80% which
accounts for almost 90% of ovarian cancer deaths [10,11]. The
current conventional treatment strategies are killing most of the

neoplastic cells but they are failed to target the presence of
small population of cancer stem cells or tumour-initiating cells
(CSCs/TICs), which are responsible for chemotherapy
resistance, tumour relapse and metastasis [11,12]. These
characteristic features of CSCs are closely are associated with
the properties of stem cells such as self-renewal, high
differentiation potential, apoptosis resistance [13] and also
possess intrinsic property of chemotherapy resistance [14].
Therefore, isolation and characterization of CSCs is an
ultimate goal for the understanding of CSCs mediated
ontogenesis and chemotherapy resistance.

The most common method used so far to identify the cancer
stem cells are the FACs based Hoechst 33342 dye exclusion
technique. During FACs analysis, a subset of cancer cells
exclude the Hoechst 33342 dye and appear as a distinct
population (SP) cells in dot plot analysis of the FACs are
termed as side population (SP) cells. Studies in different
cancers reported that SP cells shared all the remarkable
features of CSCs includes rapid cell proliferation, tumour
initiating capacity and expression of stemness genes
[12,15,16]. Further, SP cells have enhanced expression of
ATPase binding cassette (ABC) transporters such as ABCB1
(MDR1), ABCC1, ABCG2 (BCRP1) in SP cells plays a major
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role in multi-drug resistance [12,15,16]. In addition,
accumulating experimental evidences showed that of
dysadherin, a cell membrane glycoprotein plays important role
in the progression and metastasis of several carcinomas,
including the ovarian cancer and its expression was also found
to be significantly elevated in the cancer stem cell population
[17-23]. These interesting findings suggest over expression of
dysadherin might be linked with and drug and apoptosis
resistance of SP cells. Therefore, it is worth to understand the
precise molecular mechanism of dysadherin regulated therapy
failure and tumour recurrence in order to develop CSCs
specific therapeutic agents. In the present study, we aimed to
identify and characterize the SP cells from high grade serous
ovarian carcinoma. Further, the FACs sorted SP cells were
analysed for the functional link between aberrant expression of
dysadherin and apoptosis and drug resistance in SP cells.

Materials and Methods

Sample collection
The cancer samples were collected from the patients at the time
of surgery in Women & Infants Hospital of Zhengzhou, in
accordance with the ethical rule approved by Women & Infants
Hospital of Zhengzhou (ethical approval number is
2012734345). High grade ovarian cancer tissues were collected
from the patients at the time of surgery by experienced
pathologist in our hospital. Patients details: (n=18; age ranges
from 39-47; tumour grade-T5 and T6; site-bilateral; FIGO
stage-IIIC and IV). Cancer cells were then collected from the
tumour samples and cultured for the required experiments.

Isolation and culture of cancer cells from the collected
tumours
The collected tumour samples were mechanically dissociated
and enzymatically digested in a 1:1 solution of Type III
collagenase/hyaluronidase for 30 min at 37ºC and incubated at
37º C for 2 h in a shaking bath. In order to remove the clumps,
sterile gauzes (pore diameter sizes: 200 mesh) were used,
erythrolysis was performed in hypotonic solution (0.2% NaCl)
and subsequently 1.2% NaCl was added to stop lysis. Cells
were then cultured in DMEM with 10% FBS supplemented
with antibiotics and maintained in T-75 flasks at 37º C in a
humidified 5% CO2 & 95% air atmosphere. At ~ 90%
confluency, cells were trypsinized into single cell suspension,
using trypsin-EDTA, centrifuged at 5000 rpm at 6 minutes and
the pellet was further resuspended in DMEM with 10% FBS.

FACS analysis - labelling with hoechst 33342
Study groups: Control-cells+Hoechst 33342 (n=7); Drug
treated-cells+Verapamil+Hoechst 33342 (n=7). Cells in
staining medium (app106 cells/ml of 10% DMEM) are labelled
with Hoechst 33342 stock (sigma)-bis-benzimide (5 μl/ml)
either with dye alone or in combination with drug (verapamil -
0.8 μl/ml). The cells were mixed and placed in water bath at
37ºC for 90 minutes exactly. After 90 minutes, cells were spin
down (2000 rpm for 10 minutes at 4ºC) and resuspended in

500 μl of HBSS containing 10 mM HEPES. Finally, counter
stained the cells with PI (propidium iodide) 2 μg/ml sample at
4ºC. Cells were filtered through a 50 μm nylon mesh (BD) to
remove cell clumps into labelled FACS tubes. Separate tubes
with medium (10% DMEM) were kept for sterile sorting of
Side Population cells and main population cells. The cells were
sorted using a flow cytometer (FACS Aria II; BD Biosciences;
Franklin Lakes, NJ, USA). The Hoechst 33342 dye was excited
at 355 nm and its dualwavelength fluorescence was analysed
(blue-450 nm; red- 675 nm).

RT-PCR analysis
The RNA was isolated by using the RNA isolation kit
(Invitrogen, Carlsbad, CA) and the RNA samples were treated
with DNase I to exclude the DNA contamination. The
following PCR primers were used for RT-PCR analysis.
CD133: (F-TCT TGA CCG ACT GAG AC and R-ACT TGA
TGG ATG CAC CAA GCA C); GAPDH: (F-TGG ACT CCA
CGA CGT ACT CAG and R-ACA TGT TCC AAT ATG ATT
CCA); ABCG2: (F-AGC TGC AAG GAA AGA TCC AA and
R-TCC AGA CAC ACC ACG GAT AA); OCT-4: (F-ATC
CTG GGG GTT CTA TTT GG and R-CTC CAG GTT GCC
TCT CAC TC); EpCAM: (F-CTG CCA AAT GTT TGG TGA
TG and R-ACG CGT TGT GAT CTC CTT CT); BCL-2: (F-
ACA CTG TTA AGC ATG TGC CG and R-CCA GCT CAT
CTC ACC TCA CA) [18,22,23]. GAPDH was used as an
internal control. PCR parameters-95ºC for 2 min, 40 cycles of
95ºC for 30 sec, 55-60ºC for 1 min and 72º for 30-60 sec. PCR
products were electrophoresed on a 1.2% agarose gel and
stained with ethidium bromide. The band intensity was
measured by using image-J. The values presented in the graph
Figure 1C are the average values of 3 independent
experiments.

RNA interference
The small interfering RNA (siRNA) specific to dysadherin
(Gene Bank accession No. AB072911) [22,23], were
purchased from Dharmacon (Lafayette, CO 80026). SiRNA
Transfection (final concentration of 200 nm) was performed as
per the Dharmacom protocol. The transfected SiRNA cells
were analysed after 48 hours.

Cell resistance assay
The obtained SP and non-SP cells were cultured in 96-well
plates at a concentration of 1 × 103 cells/plate. After 24 hours,
5-fluorouracil (5-FU) was added to all cultures to a final
concentration of 10 μg/ml. Similarly, cells were also treated
with Cisplatin (20 μmol/L), Paclitaxel (2 μmol/L). The plates
were placed in a hatch box for 48 h. Then each well was
supplemented with CCK-8 (10 μl) solution and the plates were
incubated for 3 hours. The mean value of OD450 obtained was
represented as a graph. Cell resistance in both groups was
calculated using the following formula: Cell resistance rate (%)
= (experimental group OD450 value/control group OD450
value) × 100.
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Tunel assay
The rate of apoptosis was analysed by TUNEL assay by using
detection kit (Boehringer Mannheim, Germany).

Statistical analysis
One-way analysis of variance (ANOVA) and student T-test was
performed to determine the significant difference between the
treatment and control groups. A probability level of p<0.01
was considered as statistically significance.

Results

FACs analysis of side population cells by hoechst
33342
Live cells were selected against Propidium Iodide in order to
exclude the dead cells in both control and drug treated groups.
We have identified about 3.3% of distinct cell population (SP
cells) towards the SP-violet region of the dot plot of the FACS
profile, which expels the Hoechst 33342 dye efficiently (Figure
1A). However upon treatment with verapamil (an inhibitor for
ABC transporters), the prevalence of SP cells were
significantly reduced to 0.3% (Figure 1A). Hence, these data
suggest that ovarian carcinoma contains significant percentage
of SP cells, which can efficiently pumps out the DNA binding
dye via ABC transporters.

Enhanced expression of dysadherin in ovarian
carcinoma SP cells
Next, the FACs sorted SP cells were subjected to evaluate the
expression profile of dysadherin by RT-PCR and western blot.
We found that relative mRNA expression of dysadherin and its
protein level is significantly elevated in SP cells when
compared to non-SP cells (Figures 1B and 1C). Similarly, the
expression pattern of ABC transporter gene ABCG2 and
stemness genes such as CD133, Oct-4, EpCAM were highly
elevated in SP cells when compared to non-SP cells (Figures
1B and 1C). These findings suggest that elevated level of
dysadherin in SP cells might play a major role in drug
resistance and maintenance of self-renewal of SP cells.

Elevated expression of dysadherin enhances
multidrug and apoptosis resistance of SP cells
In order to address the significant role of dysadherin in SP
cells, we used SiRNA technology to compromise dysadherin
expression in SP cells. After silencing the dysadherin
expression, the capacity of multi-drug resistance of SP cells
was significantly reduced when compared prior to RNA
interference SP cells. Before dysadherin knock down, the
viability of SP cells are more than 80% even after treatment
with chemotherapeutic drugs. However, the viability of SP
cells was significantly reduced (less than 40%) in RNAi cells
(Figure 2A, compare with 2B). Consequently, the number of
SP cells subjected to apoptosis is significantly higher in
dysadherin compromised SP cells (Figure 3).

As we showed that RNA interference of dysadherin makes SP
cells more sensitive to drug treatment and apoptosis, we
subsequently checked the relative mRNA expression of ABC
transporter and anti-apoptotic gene Bcl-2 in SP cells alone by
RT-PCR. As shown in the graph (Figure 4), the transcriptional
regulation of ABCG2 and Bcl-2 are significantly down
regulated after silencing of dysadherin. These data suggest that
enhanced dysadherin plays a crucial role in drug and cell death
resistance of SP cells.

Figure 1. Identification of side population cells from high-grade
serous ovarian carcinoma. SP cells human hepatocellular carcinoma
(HCC). (A.) Dot plot analysis of the FACs profile showing the
presence of 3.3% of SP cells (gated region), which excludes Hoechst
33342 dye. The figure represents the best of the SP population
isolated from ten tumour samples (N=10) (B). The population of SP
cells was significantly reduced to 0.3% after treatment with
verapamil. (C). Quantification graph made from RT-PCR analysis
showing the up-regulated mRNA expression of dysadherin, ABCG2
and stemness genes in FACs sorted SP cells. (D). Western blot
analysis revealed that the levels of dysadherin, ABCG2 and stem cell
surface proteins are significantly higher in SP cells. The bar
represents the standard deviation, **p<0.01.

Figure 2. Comparison of cell survival rate of side population (SP)
cells and non-SP cells before (A) and after dysadherin knock down of
dysadherin (B) by treatment with drugs such as paclitaxel, 5-
Flurouracil and cisplatin. The bar represents the standard deviation,
**p<0.01.
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Figure 3. Comparison of SP and non-SP cells underwent apoptosis
before and after dysadherin knock down of dysadherin. The bar
represents the standard deviation, **p<0.01.

Figure 4. Quantification graph made from RT-PCR analysis showing
the relative mRNA expression of ABCG2 and Bcl-2 before and after
dysadherin knock down. The bar represents the standard deviation,
**p<0.01.

Discussion
A large number of studies reported that persistence of small
subset of cancer stem cells (CSCs) or tumour-initiating cells
(TICs) are responsible for treatment failure and tumour
initiation and invasion, chemo resistance, and tumour
recurrence [24,25]. Eradication of complete refractory of
cancer stem cells are urgently needed to provide long term
disease free survival. In such circumstances, understanding the
molecular mechanism and downstream signalling pathways for
drug and apoptosis resistance meditated by cancer stem cells is
crucial one. Ovarian cancer is marked by a high degree of
cellular heterogeneity and contains a cancer stem cell (CSC)
population that contributes to tumour growth and treatment
resistance [26-29]. Recent experimental evidences suggest that
elevated levels of dysadherin had been observed in the stem
cell enriched side populations in several cancers [17,18]. In a
very recently published report, it has been reported that
dysadherin is a potential driver for metastasis in ovarian
carcinomas [19].

So far, Hoechst 33342-dye exclusion techniques are considered
as a valuable technique for the purification of CSCs [30,31] SP

cells has all the principal features of CSCs. Using Hoechst
33342-dye exclusion assay, 3.3% of side population cells were
observed from ovarian carcinoma samples, whose prevalence
was significantly reduced to 0.3% upon treatment with
verapamil. Verapamil is an MDR1 transporter protein inhibitor
and can efficiently block the drug efflux caused by the action
of SP cells. This confirms that SP cells are present in ovarian
carcinomas and have a role in the development of resistance to
chemotherapeutic drugs via ABC transporters. Accumulating
evidence from several solid tumours indicates that there is
enhanced expression of different stem cell surface proteins in
SP cells and that they are the major players in the maintenance
of self-renewal [32,33]. In the present work it has also
demonstrated that there is elevated expression of stem cell
surface proteins such as CD133, Oct-4 and EpCAM in SP cells
compared with non-SP cells.

Another remarkable feature of SP cells is the resistance to
chemotherapeutic drugs. The conventional therapies are able to
kill most of the neoplastic cells and not targeting the cancer
stem cells. Therefore, the treatment escaped CSCs are become
chemotherapy-resistant and high potent of initiating the tumour
again. It was demonstrated that the survival rate of SP cells are
significantly higher even after treatment with chemotherapeutic
agents such as 5-FU, cisplatin and paclitaxel and that could be
owing to the overexpression of ATP-binding cassette (ABC)
drug transporters and Bcl-2, respectively. Dysadherin is a
member of the FXYD family (FXYD5). It regulates NaK-
ATPase, which is actively involved in maintaining cell
permeability and polarity, which are essential for cell
signalling and stem cell dynamics [34-36]. Further, it has been
showed that SP cells from high-grade serous ovarian
carcinoma displayed up-regulated transcriptional regulation of
dysadherin in conjunction with elevated expression of ABCG2,
stemness protein such as CD133, Oct-4 and EpCAM. After the
expression of dysadherin is compromised, the SP cells are
more sensitive to drug uptake and cell death, in addition to
ABCG2 and the anti-apoptotic factor Bcl-2 being down-
regulated.

Conclusion
In summary, the present work suggests that unregulated
transcriptional regulation of dysadherin might influence the
expression of drug efflux pumps and anti-apoptosis pathways
in SP cells. However, the precise molecular mechanism behind
the chemo/apoptosis resistance of SP cells and their signalling
pathways is still needs to be elucidated in provide more
insights in to CSCs mediated tumour recurrence. Therefore, the
available data suggest that development of novel anticancer
drugs compromising dysadherin function could definitely help
to improve the ovarian cancer treatment.
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