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Side Population (SP) cells are the small pool of CSC like 
progenitor cells, which are drug resistant and recapitu-
late tumor generation. The occurrence of SP cells is the 
major inference for attaining a better treatment and 
improved patient survival. In this work, we have iso-
lated 6% SP cells from a high grade ovarian carcinoma. 
Our functional characterization of SP cells revealed that 
elevated ABCG2 and anti-apoptotic factors contribute 
to chemoresistance and increased life span of SP cells. 
Further, the overexpression of surface antigens, such as 
CD133 and CD117 in SP cells, are the key driving forces 
for high clonogenic and invasion properties of SP cells. 
More importantly, we found by RT-PCR aberrant activa-
tion and upregulation of Wnt/ β-catenin and its down-
stream targeting genes, such as DKK1 and AXIN2 in SP 
cells. These findings suggest that development of new 
anticancer drugs which target Wnt/β-catenin signaling 
might effectively exterminate the SP cells and aid in dis-
ease free survival.
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INTRODUCTION

Among the gynecological malignancies, epithelial 
ovarian cancer (EOC) is the primary cause for cancer-
associated deaths in women. The occurrence rate of 
EOC is more than 85% among the ovarian malignancies 
and the average survival rate of the patient is about 5 
years after diagnosis at metastatic stage (Lengyel, 2010). 
Standard treatment includes surgery (cytoreductive) and 
chemotherapy (cisplatin and paclitaxel). Ovarian can-
cers are categorized as two different types by clinical 
and pathological approaches: Type I is low grade and 
heterogenous, whereas as the Type II cancers are high 
grade and predominantly serous (Kurman et al., 2010; 
Kurman et al., 2011; He et al., 2014). The high grade se-
rous ovarian carcinoma (HGSC) is a lethal one which 

has been reported for more than 90% deaths in wom-
en world-wide (Dean et al., 2005; Dalerba et al., 2007). 
Several studies stated that cancer stem cells (CSCs) or 
cancer-initiating cells (CICs) are the major obstructions 
in the treatment regimen, as they cause cancer relapse 
and chemoresistance (Clevers et al., 2011; Baccelli et al., 
2012). The first report on HGSC reported presence of a 
subtype of ovarian cancer CSCs that are stem-like, very 
aggressive and become resistant to treatment (He et al., 
2014). Subsequently, there are several evidences that the 
treatment of vain, cancer relapse and progression arise 
from the existence of sub-population of CSCs or CICs 
(Dean et al., 2005; Kurman et al., 2010; Kurman et al., 
2011). Similarly, research on different cancers also dem-
onstrated that CSCs are able to recreate the tumor with 
complete heterogeneity and express different surface 
proteins (CD133, CD44) for self-renewal or differentia-
tion (Bonnet et al., 1997; Dalerba et al., 2007; Clevers et 
al., 2011). According to the CSC hypothesis, there is a 
rare set of small progenitor population of cells within 
the tumor bulk, called Side Population (SP), which re-
pels Hoechst 33342 dye and possesses unique stem like 
properties (He et al., 2014). The ultimate cause for resist-
ance to anti-cancer drugs is the expression of membrane 
spanning transporter proteins, such as ABCG2 in SP 
cells (Vathipadiekal et al., 2012). Further, these purified 
SP cells are attributed to chemotherapy resistance, tumor 
regeneration and self-renewal. Therefore, exterminating 
SP cells is an ultimate modality to provide better treat-
ment strategy and improve the patient survival rate or 
disease-free state.

One possible and efficient strategy could be achieved 
by isolating the putative SP (SP) cells and then subject-
ing them to a functional in depth characterization. In 
doing so, one such interesting signaling pathway that 
was identified in CSCs side population cells is Wnt/β-
catenin. During development, cell migration and differ-
entiation are regulated by Wnt signaling and its down-
stream targeting proteins. Recent reports in cancer biol-
ogy described the involvement of Wnt/β-catenin signal-
ing in cancer progression and invasion (Song et al., 2010; 
Taciak et al., 2018 Cheng et al., 2019). Similarly, the ab-
normal activation of Wnt/β-catenin signaling mechanism 
and its downstream cascades were observed in different 
cancers, such as endometrioid ovarian, colon, and head 
and neck squamous cell carcinoma (Dean et al., 2005; 
Visvader et al., 2008; Song et al., 2010). Therefore, these 
findings strongly suggest that Wnt/ β -catenin are one of 
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the crucial targets for abolishing CSCs, such as SP cells. 
Hence, we made an effort to isolate the putative SP cells 
from epithelial ovarian carcinoma (EOC) and concomi-
tantly monitor the Wnt/β-catenin and apoptotic path-
ways in EOC progression and invasion. Our preliminary 
findings definitely provide new insights about inactivated 
pathways for drug response and reveal a different intrin-
sic mechanistic role of CSCs-mediated tumorigenesis, 
and pave the way for emerging innovative therapeutic 
approaches.

MATERIALS AND METHODS

Cancer sample collection and cell culturing. High 
grade ovarian carcinoma samples were obtained at the 
time of surgery (cytoreductive) in accordance with the 
hospital ethical rules which are approved by The First 
Affiliated Hospital of USTC, Division of life Sciences 
and Medicine, University of Science and Technology of 
China’s ethical committee. The approved license num-
ber is URY87991. The cancer samples were obtained in 
agreement with patients’ oral consent. As per The First 
Affiliated Hospital of USTC, Division of life Sciences  
and Medicine, University of Science and Technology of 
China’s rules and regulations, no data allowing identifi-
cation of the patients were provided in this manuscript. 
Patient inclusions: n=15; age: 35–45 (7 of them were at 
35 and 8 were at 40–45); tumor grade – T4 & T5; FIGO 
stage – IIIC and IV, type – recurrence; site – fallopian 
tube. All samples were assessed by both, the pathological 
and histological procedures. Cancer tissues were subject-
ed to enzymatic digestion with collagenase III and 0.1% 
hyaluronidase (Sigma Aldrich) at 37°C for 30 mins. Fol-
lowed by 2 hour incubation at 37°C, samples were cen-
trifuge at 1500 RPM to isolate the cells. Subsequently, 
erythrocytes and other debris were removed by an eryth-
rolysis procedure with 0.2% NaCl. The isolated cancer 
cells were washed with Hanks Balanced Solution (HBSS) 
and filtered through a filter with a pore size of 40mm to 
remove cell clumps. The collected cells were cultured in 
cell culture dishes (Corining petridishes from Thermosci-
entific) or T75 flasks with DMEM F-12 (Fisher Scien-
tific) provided with growth factors, such as FGF, EGF, 
insulin (5 μg/mL) and Bovine Serum Albumin at 0.4% 
(Sigma).

Hoechst 33342 dye labelling. After 2–3 passages, 
the cells were subjected to Hoechst 33342 labeling. 
Upon confluency, cells were separated from the dishes 
by washing with 1× PBS and treated with 1 mM trypsin-
EDTA (Fishers Scientific). Approximately 106 cells/mL 
(counted by hemocytometer) were suspended in DMEM 
with 10% FBS and further subjected to labeling with the 
Hoechst 33342 dye stock (sigma), -bis-benzimide (5 μL/
ml) alone or in combination with the Verapamil drug 
(verapamil – 0.8 μL/mL).

Isolation of SP cells. Two groups were assigned for 
labeling cells: i) control – cells+Hoechst 33342 dye a; 
ii) drug treated – cells+Hoechst 33342+Verapamil. Fol-
lowed by 90 min staining, cells were spun down at 2000 
rpm for 10 minutes at 4°C and resuspended in 500 μL 
of HBSS containing 10 mM HEPES. Finally, cells were 
counterstained with propidium iodide (PI) at 2 μg/mL 
sample at 4°C to exclude the dead cells. This was fol-
lowed by filtration of cells through a 50 μm nylon mesh 
(BD) to remove cell clumps, and transfer into labeled 
FACS tubes. Separate tubes with the medium (10% 
DMEM) were kept for sterile sorting of side population 
(SP) cells and main population (MP) cells.

Flow cytometry analysis. When cells pass through 
the laser beam, they will scatter the light, which can be 
detected as a forward and side scatter. Forward scatter 
(FSC) refers to the cell size and the side scatter (SSC) 
correlates with the cell density (number of cytoplasmic 
granules, membrane size). Here, live cell populations 
were selected against propidium iodide (PI) staining (to 
exclude the dead cells) which was marked as P1 gated 
population. From this P1 gated population, side popula-
tion cells were sorted out using Hoechst 33342, which is 
a DNA binding dye. Simultaneous monitoring of fluo-
rescence emission by Hoechst 33342 at approximately 
450 nm (SP-Violet) and at 675nm (SP-Red) followed by 
UV excitation, allowed to observe a set of cells that dis-
played low blue and red fluorescence. These distinct cell 
populations were gated as P2, and were found towards 
the SP-violet region of the dot plot of the FACS profile 
and are thus called Side Population (SP) cells. The exclu-
sion of Hoechst 33342 by SP cells is an active process 
involving multi drug resistance transporter 1 (MDR1), 
a member of the ABC transporter transmembrane pro-
teins. Experiments were performed in triplicate.

Quantitative real-time PCR primers. RNA extrac-
tion was performed with the help of RNAeasy kit from 
Qiagen as per the manufacturer’s protocol. RT-PCR 
was executed by using an iCycler machine from Bio-
Rad. The primers and PCR parameters were employed 
as previously described (Wamunyokoli et al., 2006; Song 
et al., 2010). The amplified products were visualized by 
2% agarose gel electrophoresis and the relative mRNA 
expression levels were adjusted to the GAPDH house 
keeping gene. The signal intensities were measured us-
ing Image-J software and presented as a quantification 
graph with the help of Pearson’s and Spearman’s cor-
relation.

Immunostaining. Immunohisto-staining. Cancer 
tissues were fixed with formalin of 10% for 24 hours, 
as per the standard histological procedures. From the 
paraffin blocks, 4 μm serial sections were made and at-
tached to the slides coated with Poly-L-Lysine for im-
munohistostaining process. These sections were stained 
with primary antibodies, such as p53 (1:100) and Bcl-2 
(1:200) (from Thermofisher), and subjected to overnight 
incubation. Further procedure was followed as described 
in (Hill, 2006; Hill et al., 2006). The tissue sections were 
further viewed by confocal fluorescent microscope and 
the images were captured at 200X magnified lens.

Immunocyto-staining. The separated side popula-
tion (SP) cells and main population (MP) cells were cul-
tured in poly-L-Lysine coated coverslips in 12 well plates 
(Approximately 105 cells). After 24 hrs, cells were fixed 
in 4% PFA (Para formaldehyde) in 1× PBS, for 5 min 
at 4°C, followed by blocking with BSA-TBS (1%) with 
RNase for 1 hr at room temperature. After PBS wash, 
FITC conjugated primary antibodies of ABCG2, CD133 
and CD117 (diluted 1:100), were added in 1% BSA-TBS, 
and the samples were subjected to overnight incubation 
at 4°C and then washed with 1× PBS for several times 
to remove the unbound antibodies. Subsequently, the 
coverslips were mounted on the slides and sealed. The 
cells were further viewed by confocal fluorescent micro-
scope, FITC was excited at 450 nm and images were 
captured at 10X magnification lens.

Western Blot. For Western blot analysis, the entire 
procedure was followed as described previously (Song et 
al., 2010). All primary and secondary horseradish peroxi-
dase (HRP) conjugated antibodies were purchased from 
Sigma Aldrich, Cell signaling and Santa Cruz Biotechnol-
ogy Inc. Biorad ECL detection was used to determine 
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the protein signals. Biorad protein quantification as-
say kit was used to evaluate the protein concentration 
and therefore equal concentration were loaded in all the 
lanes.

Luciferase assay. In 12 well plate, approximately 106 

cells were seeded. After 24 hour incubation, transfection 
of TOPFLASH or FOPFLASH (100 ng), together with 
pCMV-RL (20 ng), was done with the aid of transfec-
tion reagent lipofectamine. After 24 hour incubation, cell 
lysates were made and the measurement of luciferase ac-
tivity was performed according to the protocol provided 
by Promega Dual-Luciferase Reporter Assay System.

Cell transfection. The DKK1 targeting small interfer-
ing RNA (siRNA) at 100 nM was mixed with 8 µL of 
RNAiMAX Lipofectamine® transfection reagent (Ther-
mofisher). After 25 minute incubation at room temper-
ature, the reaction mix was directly added to the cells 
which were subjected to 24-48 hour incubation and then 
in vitro cell culture assays were performed. The DKK1 
RNAi sequence used in this study is: ACU CGG UUC 
UCA AUU CCA ACG U, obtained from Thermofisher. 
We have also used Silencer™ GAPDH siRNA (human) 
and Silencer™ Negative Control No. 1 siRNA (from 
Thermofisher Scientific),as a positive and negative con-
trol for RNAi transfection, respectively.

Soft agar assay. In a 6 well plate, the bottom sur-
face was covered with 2 mL of agar mixture made of: 
DMEM/F12+10% FBS+0.6% agar. Once solidified, 
2 mL of agar medium which was made of DMEM/
F12+10% FBS+0.3% agar and containing 2×104 cells 
were poured into the wells, and allowed to incubate for 
3 weeks at 37°C, followed by crystal violet (0.005%) 
staining for counting the colonies formed.

Cell resistance assay. In 96 well plates, nearly 104 
cells were seeded and incubate for 24 hours. Subse-
quently, cells were treated with 10 μg/mL concentration 
of 5-fluorouracil (5-FU) and incubated for 24, 48 and 72 
hours. Prior to the 3 hours of optical density measure-
ment, CCK-8 solution (10 μl) was added to wells. The 
cell resistance and survival rate at different hours of in-
cubation were calculated according to the formula men-
tioned in (He et al., 2014).

Cell culture assays. We followed the protocol pre-
viously described in the literature (Ho et al., 2007) for 
performing in vitro cell proliferation and matrigel inva-
sion assays.

In vitro cell proliferation assay. Approximately 106 
cells were seeded in a 96-well plate (in triplicates) and 
the cell proliferation rate was estimated for 7 consecu-
tive days. 2–3 Hours before optical density measure-
ment, cells were supplemented with CCK-8 solution (10 
μL) and incubated in CO2 incubator. Consequently, opti-
cal density (OD) at 490 nm was measured and estimated 
growth rate was presented as a quantification graph.

Matrigel invasion assay. BD six-well matrigel inva-
sion chambers were used for cell invasion measurement 
(BD Biosciences). Approximately 106 cells were seeded 
per insert in the serum free medium and their outlets 
were supplemented with DMEM containing 10% FBS 
as a chemoattractant. Cells were incubated at 37°C for 
48 hours and consequently the non-invading/immo-
bile cells were washed away by swabbing top layer of 
Matrigel with a Q-tip. The membrane containing invad-
ing cells was subjected to hematoxylin staining, incubat-
ed for 5 min, then washed and mounted on slides. The 
membrane was further viewed under light microscope at 
40× objective lens and the number of invading cells was 
counted. The values presented in the graph are the aver-
age value of three independent experiments.

Statistical analysis. The values presented in the 
quantification graph are mean ± S.D. We have performed 
Student’s t-test to compare the significant differences be-
tween two groups and the values defined as significant 
were *P<0.05 and **P<0.01.

RESULTS

Apoptosis evaluation in ovarian cancer tissues

The surgically acquired high grade serous ovarian can-
cer tissues and the analogous normal tissues were ex-
amined for the evaluation of apoptosis. First, we have 
employed the Tunel assay to identify the accumulation 
of p53 (tumor suppressor protein) to evaluate the rate 
of apoptosis in ovarian cancer tissues. We observed that 
p53 immunostaining is extremely positive in ovarian can-
cer tissues and the dye is predominantly accumulated in 
the nuclear region (Fig. 1). Similarly, the immunohisto-
chemistry of Bcl-2 (an anti-apoptotic factor) indicates 
that it is significantly overexpressed in the ovarian cancer 
tissues and it showed mostly cytoplasmic staining rath-
er than in the nuclear region (Fig. 1). However, these 
features were not observed in the control ovary tissues. 
Therefore, apoptosis downregulation in ovarian cancer is 
due to the increased expression of anti-apoptotic factor 

bcl-2 and thus ultimately involved in rapid cancer cell 
proliferation and metastasis.

ABCG2 enrichment and apoptosis downregulation in 
ovarian cancer SP cells

It has been proven that SP cells can be sorted by FACs 
mediated Hoechst 33342 dye efflux method. In all the 
ovarian cancer samples, we have identified and sorted 6% 
of SP cells in the gated small population which repels the 
DNA binding Hoechst 33342 dye (Fig. 2A). These drug 
efflux functions of SP cells are governed by the existence 
of multi-drug resistant ABC transporter protein ABCG2. 
We used verapamil which has an ability to suppress func-
tion of the transporter proteins, as a control. As a result, 

Figure 1. Immunohistostaining pattern of p53 and Bcl-2. 
Ovarian cancer tissues show strong p53 staining in almost all can-
cer nuclei when compared with control tissues. Similarly, the Bcl-
2 is intensively expressed in ovarian cancer tissue at metastatic 
stage. Image captured by 200× magnification and scale bar rep-
resents 50 μM.



130           2021Z. Gui and others

the SP cell population was significantly abolished (it be-
came 0.3%) when cells were incubated together with 
Hoechst 33342 and verapamil (Fig. 2A). Next, we have 
examined the sorted SP and MP cells for the expression 
of ABCG2 and apoptotic signaling proteins. By both, the 
immunocytochemistry and western blot, we found signifi-
cantly enhanced ABCG2 protein levels in SP cells (Fig. 
2B and 2C). Similarly, the expression of anti-apoptotic 

protein Bcl- 2 and apoptotic signaling protein Bax were 
up- and down-regulated in SP cells, respectively (Fig. 2C). 
We also observed elevated expression of Bmi-1 is SP cells 
when compared to MP cells (Fig. 2C), which might col-
lectively contribute to the accelerated growth of SP cells 
(Fig. 2D). Finally, we have performed apoptosis assess-
ment of SP cells, by incubating SP cells with DNA target-
ing drug 5-FU. The cell viability measurement at differ-

Figure 2. Characteristic features of Ovarian cancer SP cells. 
(A) Fluorescence sorting of SP cells by the exclusion of Hoechst 33342 dye with or without verapamil. (B) Comparison of immunofluores-
cence staining pattern of ABC transporter protein ABCG2. (C) Western blot showing the protein expression levels of ABCG2 and apoptot-
ic signaling proteins. (D) Measurement of growth rate of SP and MP cells. (D, E) Resistance of SP cells to 5-FU by chemoresistance assay. 
Scale bar represents 10 μM. Error bar: Standard deviation. *P<0.05; **P<0.01.

Figure 3. SP cell are highly tumorigenic. 
(A) Immunofluorescence staining of SP showing expression of distinct surface antigens. (B) Efficiency of clone formation on soft agar 
plate and the quantitative graph (C) demonstrating the number of clones formed by SP and MP cells. (D) Representative graph made 
from the average values of matrigel invasion assay. Scale bar represents 11 μM. Error bar: Standard deviation; **P<0.01.
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ent incubation time revealed that SP cells are assertively 
resistant to 5-FU and they grow normally up to 72 hours  
(Fig. 2E). However, in response to 5-FU the viability of 
MP started to gradually decline and ceased at a certain 
point. Therefore, all of these data confirm the phenotype 
of SP cells and their role in enhanced growth rate and 
chemoresistance owing to apoptosis attenuation.

Immuno-positivity to CD133, CD117 and high 
tumorigenesis

We have performed immunofluorescence assays to ex-
amine the expression pattern of stem cell marker proteins 
CD133 and CD177. We observed that ovarian cancer SP 
cells showed high positive staining towards CD133 and 
CD117. In contrast, the MP cells showed very mild posi-
tivity (Fig. 3A). Studies have shown that high expression 
profile of stemness genes/proteins is crucial for the self-
renewal, tumor-initiating and invasion. Consequently, the 
SP cells are highly capable of producing more colonies (3-
fold more) on the soft agar plate (Fig. 3B and 3C) and the 
number of SP cells invading through the matrigel (5-fold 
more) is drastically higher than MP cells (Fig. 3D). There-
fore, the clonogenic and invasion potential of SP cells 
might be governed by stem like properties of SP cells.

Aberrant regulation of the Wnt/β-catenin pathway in 
SP cells

We have analysed the activation of Wnt signaling path-
way in SP and MP cells by TOPFLASH luciferase reporter 
assay. Here, the binding site of β-catenin is associated with 
TOPFLASH reporter whose activation is directly related to 
the activation of Wnt/β-catenin, whereas the FOPFLASH 
reporter contains binding sites of mutated β-catenin, used 
as a negative control. From this assay, we found that the 
Wnt/β-catenin transcriptional activity is significantly more 
elevated in SP than MP cells (Fig. 4A). Consequently, the 
relative mRNA and protein expression of Wnt/β-catenin 
downstream targets, such as DKK1 and AXIN2, is signifi-
cantly increased in SP cells (Fig. 4B and 4C).

DISCUSSION

Among EOC, Type II high grade serous ovarian can-
cer rapidly progresses, is highly aggressive and becomes 

lethal due to chemoresistance of CSCs (Abubaker et al., 
2013). The existence of undifferentiated cancer stem 
cells (CSCs) or cancer initiating cells (CICs) inside the 
heterogeneous tumor can efficiently resist conventional 
treatment methods and have an ability to initiate tumor 
development and progression (Burkert et al., 2006; Daler-
ba et al., 2007). Side population cells are the minor, rare 
group of cancer stem-like progenitors involved in ejec-
tion of the Hoechst 33342 dye and exhibit characteristic 
features of CSCs, such as differential expression pattern 
of stem cell markers, chemo resistance, self-renewal, dif-
ferentiation and tumor invasion (Haraguchi et al., 2006). 
These types of cells are present in tumor samples and 
various cell lines derived from different types of cancer. 
Therefore, as per the CSC theory, extermination of the 
CSCs cells is the ultimate goal for achieving better treat-
ment strategy.

In high grade serous ovarian carcinoma, SP cells were 
identified by Hoechst 33342 efflux and further func-
tional characterization revealed higher expression of the 
transporter protein ABCG2 in SP cells. Reports on many 
cancers have proven that presence of ABCG2 is the 
cause for SP cells to acquire the drug efflux phenotype 
and become resistant to the anti-cancer drugs. This was 
further confirmed by prolonged resistance and increased 
viability of ovarian cancer SP cells exposed to 5-FU even 
for 72 hours, and by that time the parental main popula-
tion cells were deceased. In addition to 5-FU, we have 
also made an attempt to evaluate resistance of SP cells 
to docetaxel at different time points. Still, we were able 
to find susceptibility of SP cells to docetaxel treatment 
after 48 hours only. However, we are still standardizing 
the lethal effect of docetaxel in a dose dependent man-
ner for our future experiments. In the meanwhile, it was 
demonstrated that transfection of ABCG2 over expres-
sion cassette into the main population cells can partially 
convert them to SP cells to acquire the same phenotype 
(Kopper, 2004; Bunting, 2006; Song et al., 2010). There-
fore, CSCs are the major source for tumor metastasis 
and invasion (Song et al., 2010; He et al., 2014). By in vit-
ro analysis, we found that SP cells are able to reproduce 
colonies faster and invaded the matrigel by more than 
three-folds. Therefore, SP cells are the key components 
for ovarian cancer metastasis and invasion.

Further, we have determined enrichment of surface 
antigens of stem cell, such as CD133 and CD117 in the 

Figure 4. Aberrant activation of Wnt/β-catenin pathway in SP cells. 
TOPFLASH luciferase activity (A), RT-PCR (B) and western blot analysis (C) determined the activation of Wnt/β-catenin and evaluation of 
Wnt/β-catenin downstream targets, respectively. Error bar: Standard deviation; **P<0.01.
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small population of SP cells. We found differences in ex-
pression pattern of CSCs reporter proteins in SP and MP 
cells. The sorted SP cells showed positive and intense 
staining to CD133 and CD117 and their staining pat-
terns on SP cells’ surface are comparatively higher than 
MP cells. CD133 is a 120-kDa membrane glycoprotein, 
previously identified in hematopoietic CSCs and ovary 
cancer SP cells (Yin et al., 1997; Bhatia, 2001). CD133+ 
cells from ovarian cancer demonstrated high potential 
of cell proliferation, clonogenic efficiency, therapy re-
sistance and ability to form aggressive tumor rapidly in 
xenografts experiments (Baba et al., 2009). CD117 is a 
transmembrane, tyrosine kinase growth factor receptor, 
whose elevated expression was found in different types 
of tumors, and it has a functional role in cancer progres-
sion and invasion (Schmandt et al., 2003). Higher expres-
sion of CD133+CD117+ in SP cells from SKVO3 gave 
rise to aggressive tumor formation, when compared to 
wild-type cells (Ma et al., 2010). Therefore, the SP cells 
that express these cell surface antigens are also able to 
grow and differentiate rapidly when compared to non-SP 
cells. Therefore, we also analyzed the stem cell surface 
markers which are primarily contributed to self-renewal 
and tumorigenesis, and we found enhanced expression of 
CD133 and CD117 in ovary cancer SP cells. These data 
fit with the previous findings in several cancers, such as 
the lung, colon, oral, ovary cancers etc., which suggests 
an increased proliferation, differentiation, self-renewal 
and tumor initiating potential of SP cells (Mărgăritescu 
et al., 2011; Xie et al., 2014; Zhang et al., 2015; Miyata et 
al., 2017). In future research, RT-PCR will be conducted 
to evaluate the wide range of stem cell marker genes in 
ovary cancer samples and in its cell lines as well.

We observed that Bmi-1, CD133 and CD117 displayed 
high expression profile in SP cells. Bmi-1 belongs to the 
family of Polycomb group (PcG) shown to be involved 
in chemo resistance and maintenance of self-renewal 
properties of CSCs. Bmi-1 knock down increases CSCs’ 
sensitivity towards anti-cancer drugs and induces apopto-
sis (Lessard et al., 2003). Consequently, the SP cells are 
proliferating much faster than MP cells and this explains 
the nature of rapid cancer cell proliferation. Further, the 
rate of apoptosis was dramatically reduced in SP cells by 
the evident protein up-regulation, Bcl-2 and suppression 
of the Bax protein.

The Notch and Wnt signaling pathway are influ-
enced by BMI-1 gene and the major function of BMI-
1 was suggested to be involved in stem cell prolifera-
tion of mammals (Liu et al., 2006). The evolutionarily 
conserved Wnt/β-catenin signaling pathway regulates 
genes involved in cell proliferation, migration and inva-
sion (Cheng et al., 2019), whose activation and stemness 
function was first identified in the ovarian cancer (Clev-
ers et al., 2006; van Amerongen et al., 2009). In view of 
this, we initially targeted Wnt/β-catenin signaling path-
way in ovary cancer SP cells. Interestingly, our data re-
vealed that relative mRNA level of Wnt/β-catenin tar-
gets (DKK1, AXIN2) are accelerated more in SP cells 
and thus confirms hyperactivation of Wnt/β-catenin 
signaling pathways in SP cells. Similar to our findings, 
increased Wnt/β-catenin was found in HNSCC and the 
authored claimed that this abnormal activation promotes 
CSCs mediated tumorigenesis and invasion. Our further 
research will be involving RNAi approach for Wnt/β-
catenin downstream targets, such as DKK1 and AXIN2. 
As a preliminary approach, we have made RNAi deple-
tion of DKK1 in SP cells and our data revealed that 
DKK1 depleted SP cells significantly decrease the tumor 
initiation and cell invasion potential of ovarian cancer SP 

cells (Supplementary Fig. 1 at https://ojs.ptbioch.edu.pl/
index.php/abp/). Therefore, SP cells already resist DNA 
targeting drugs and escapes apoptosis, and in addition 
enhanced expression of DKK1 and AXIN2 collectively 
paves the way for rapid cancer progression, metastasis 
and invasion. Further, our supplementary data suggest 
that aberrant expression of Wnt/β-catenin targets, such 
as DKK1, poses a promising role in cancer progression 
and invasion. However, lack of animal models, other in 
vivo experiments and establishment of cell lines which 
exert complete knock down of DKK1 and AXIN2 are 
the major limitations from our present study and the 
previous reports as well (Yang et al., 2006; Song et al., 
2010). Keeping this in mind, we are planning to execute 
more in vitro and in vivo experiments in the future to elu-
cidate the molecular mechanism and carcinogenesis be-
hind the aberrant activation of Wnt/β-catenin signaling 
and its downstream targets in CSCs. Taken together, our 
data clearly displayed that assorted SP cells are found to 
be more tumorigenic than the main population, as they 
showed high efficiency of clone formation, more defense 
against 5-FU even at the extended incubation time, and 
were aggressively invading in the matrigel invasion as-
say. Studies focusing on elucidating the comprehensive 
mechanism and factors triggering Wnt/β-catenin path-
ways, resistance to DNA binding drugs, self-renewal 
ability and carcinogenesis would be definitely beneficial 
and afford better treatment approach in order to achieve 
disease free goal.
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