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SUMMARY
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Prostate cancer, the greatest cause of mortality among men, is a prevalent
disease. CSC’s role and paradigm in prostate cancer development and
initiation has received a lot of attention in cancer biology since it provides
insights into cancer pathophysiology and therapy responses. CSCs interact
with their surroundings, altering cell fate by triggering key signaling regulators,
culminating in a metastatic cascade. Chemokines and their receptors are
involved in survival, proliferation, and invasion in primary and metastatic sites.
According to recent data, these proteins work along with MMPs to improve
tumour cell survival, proliferation, and metastasis in a multistep process.
MMPs interact with host components to promote cancer growth. These
could have a chemo-preventive effect on angiogenesis-related pathways
such as stem cell markers and stem cell behaviour injunction. As a result,
establishing a relationship between specific cell surface markers associated
CSCs and MMPs aids in the development of prospective therapeutics and
clinical trial-ready medications. Scant data is available to support the use of
MMPs to prevent prostate cancer by counteracting CSC inactivation. The
current study focused on the separation and characterization of PCa CSCs,
in addition to the production of chemokines and MMPs. In isolated tertiary
spheroidal Pca CSCs, there was prominent expression of CD133+ and CD44+
cell surface markers, as well as overexpression of OCT4 and ABCB1/MDR-1.
CD133+44+sub population were expressing significantly high SDF-1α, CXCR4 and endoprotreases on comparison with primary cultures of normal prostate
and CD133+ subpopulation. PCa CSC double positive subpopulation has a
better survival rate and may be involved metastatic angiogenic progression.

INTRODUCTION
Despite advances in early detection and treatment of patients,
modern oncotherapies offer few therapeutic options for those
with locally advanced disease [1]. Because a large percentage of
prostate cancer cells are testosterone-dependent, most people
with advanced cancer will benefit from testosterone elimination
therapy. Hormone-independent tumours with extensive
metastases and a proclivity for hormone resistance are expected.
The markers linked to stem cells in the basal, luminal, and
neuroendocrine areas of the prostate tissue have been extensively
studied. Many of the traits stated above will contribute to
cancer growth, self-renewal capacity, and metastatic migration
and extension, all of which will result in recurrence and cancer
progression [2].
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Fig.1. Prostate Cancer, signs, symptoms and its micro-environment
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Normal prostate tissue stem cells have non-neoplastic properties.
All healthy prostate stem cells do not need to be transformed
into cancer stem cells [Figure 1]. Non-responsiveness will result
in conversion to primary PCa CSCs. Cell-cell interactions,
cellular pro-apoptotic signals, DNA repair, splicing mechanisms,
hypermutations caused by chromosomal defects, and other
processes are regulated by CSCs. Prostate CSCs have their
own set of markers that may or may not be the same as those
discovered in prostate stem cells. As a result, the creation and
conversion of prostate CSC has become a contentious issue in
the context of cancer relapse and treatment failure as shown in
the [3]. Based on the centralised notion of changing normal
stem cells into cancer, mouse model research has indicated
that basal epithelial cells are more powerful in converting PCa.
During orchidectomy, basal cells will be under control due
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to normal maturation, while luminal cells will be completely
eliminated due to apoptosis. As a result, prostatectomy has
become a method for determining cancer stem cell mechanistic
aversion. Testosterone replacement therapy encourages luminal
progenitor cells to flourish and phenotypically evolve into
castration-resistant prostate cancer [4-12].

surgery. One month following surgery, PSA serum levels were
tested, and all patients had undetectable levels. Eight males
(aged 24 to 42) were included in the study, all of whom had
histologically normal (NP) prostates at dissection (8 hours-10
hours after death) and no history of reproductive, hormonal, or
similar problems. Our institution's Ethics Committee accepted
the study, which followed all requirements. Slices of two tissue
cores of 2 mm thickness were obtained from the significant
tumor mass of each carcinoma by cutting perpendicular to
the urethra at the positive surgical margin from the center of
the prostate gland. Following surgical removal, the slices were
zipped in liquid nitrogen and remained at 80°C for an average
of 15 minutes.

Hematological cancers were used to demonstrate CSCs, while
embryonic stem cell features were used to indicate their potential.
Property-based specialized stem cells are found in every organ,
and their CSCs are found in a variety of cancers. These cells are
known as progenitor cells, and they may play a role in tumour
growth and cancer relapse [13-18]. The nature of the tumour
may differ from cancers in the same person and tumours of the
same kind in multiple people.
Tissue processing and cell suspension
CSCs are totipotent, self-renewing cells with characteristics
similar to those of ordinary cells. Through symmetric and
asymmetric division, these tumour cell subgroups demonstrate
their dispersion and maintenance. The heterogeneous tumour is
mostly made up of cancer stem cell descendants. Understanding
the underlying interaction between neutral drift and dynamic
modifications will aid our research into the various aspects of
these malignancies. These studies will also help us understand
the anti-metastatic tendency that occurs as a result of a planned
clonal evolution sequence [19-28].

Prostate cancer core biopsy with TRUS guidance cut and frozen
tissue was mechanically triturated in a culture plate with 1 ml of
1x PBS at room temperature using a sterile scalpel and forceps.
A sterile polystyrene conical tube was used to transfer 1 mL of
suspension. The trituration procedure was carried out three to
four times until all tissue slices were entirely dissociated. The
dissociated contents were reconstituted and centrifuged at 3,200
rpm for 1 minute using a 5 ml serological pipette. The resulting
suspension is filtered through a 35 m cell strainer to remove
fibroblasts and used to isolate specific cell subpopulations and
The ability of specific proteolytic systems known as matrix generate single-cell suspensions.
metalloproteinases to hydrolyze critical components of
extracellular matrix barriers is the most important feature of the Magnetic activated cell sorting assay
tumour microenvironment's niche. This aids tumour dispersion The CD133-, CD133+44- adhering, and CD133+44+ were
by allowing it to infiltrate neighbouring tissues via intravasation,
obtained using the MACS kit (Miltenyi Biotech, Germany).
extravasation, and metastasis. The goal of this study was to
The entire population of cells was catalytically separated into a
determine the key markers associated with CSC survivability
single cell solution and measured to determine the total number
in connection to the production of chemokines and various
of cells. The cells (1 × 107) were treated for 30 minutes at 4°C
endoproteases.
with 100 μl microbeads conjugated to mouse monoclonal antihuman CD133 antibody. The dispersed cells were placed in a
AIM AND OBJECTIVES
MACS column, which was then subjected to the magnetic field
This research aimed to find out the types of subpopulations in
cancerous tissues and quantification of MMPs associated with of a MACS separator. The CD133+ cells that had been tagged
were kept on the column, and the untagged cells were decanted.
chemokines when cultured.
Once the magnetic field was withdrawn from the column, the
• To isolate drug-resistant cancer stemcells from prostate
magnetically trapped CD133+44- cells were harvested as positive
cancer tissues
cells. The same procedure was repeated to generate CD133- and
• To
study
the
expression
levels
ofMatrix CD133+44+cells using mouse monoclonal anti-human CD44
metalloproteinases
antibodies. Collected subpopulations were characterized by
Flow cytometry.
MATERIALS AND METHODS

Patient sample collection
Tissue was obtained from 13 patients with symptomatic
confined prostatic carcinoma, ranging from 44 to 79 years old.
Patients in this study had prostate adenocarcinomas and had
extensive retropubic catheterization with no signs of metabolic
recurrence in the last year. Exclusion criteria included clinical
manifestations at the initial diagnosis, a previous conviction of
any malignancy, preemptive intervention, and the emergence
of a recurrent malignant tumor. We chose a sample size of 6
patients from a total of 13 individuals, who met these criteria,
and PSA serum levels were measured before and after prostate
19
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Flow cytometric analysis
Antibodies against surface antigens such as FITC-CD133
(MiltenyiBiotec, Germany) and PE-CD44 (MiltenyiBiotec,
Germany) were used to stain cells as directed by the manufacturer
(MiltenyiBiotec, Germany). Primary cells were grown for 48
hours in 1% FBS before being trypsinized using 2.5% trypsinEDTA (Gibco, USA), rinsed thoroughly in PBS, and incubated
with 10 μl of antibodies in the dark for 30 minutes. The
cells were permeabilized for 1 minute in PBS containing 0.1
percent Triton X-100 before being incubated with intracellular
antibodies. The cell populations were then identified using
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FACS (BD Bioscience, USA). The data gathered was assessed by Cell viability and drug resistance
Cell Quest Pro.
Tertiary cell suspensions from distinct CSC subpopulations were
Cell culture
plated in 96-well plates (100 μl; 4,000–5,000 cells per well)
A T75 flask (ultra-low adherence) was used to cultivate MACS- and cultured for 24 hours at 37°C with 5% CO2 at saturated
enriched PCa tissue subpopulation cells and normal prostate humidity. The media was then replaced, and the cultures were
tissue cells (Corning, France). The cells were suspended in 10 mL split into two groups: control and treatment, each with four
of CSC culture medium that contained DMEM/F12, glutamax parallel wells. The cultures in the treatment group were treated
(Life technologies), 4 g/mL of heparin (Sigma), 2% of B-27 with 1μM Doxorubicin for 12 and 24 h. Doxorubicin-treated
supplement (Life technologies), 20 ng/mL of EGF, and FGF-b cultured cells were stained with 5 μl of FITC-Annexin V in the
(Peprotech, Neuilly-sur-Seine, France), and 1% streptomycin. dark for 30 minutes (at 10 μM concentration). The cells were
Fresh 20 ng/ml EGF and 10 ng/ml bFGF were added to the incubated in the dark for another 10 minutes after the addition
of PI (5 μl with a concentration of 10 μg per ml). The cells were
culture medium every other day (Peprotech).
filtered via a 35μ mesh screen and analysed by flow cytometry.

Spheroid formation assay

CD133-, CD133+, and CD133+44+ subpopulations were
grown in complete DMEM (Invitrogen, Frederick, MD).
Trypsin was used to harvest 80 percent confluent cultures,
which were then gently pipetted to create a single cell suspension
for the spheroid formation experiment. The cells recovered by
sedimentation at 2,000 rpm for 5 minutes were inactivated with
trypsin inactivation in serum-containing media. Thousands of
cells were resuspended in spheroid media containing 20 ng/ml
EGF (Sigma, St. Louis), 2% of B-27 serum-free supplement
(Invitrogen, Frederick, MD), 4 g/ml insulin (Sigma), and 0.4%
BSA (Sigma). The cells were then seeded into six-well cluster
dishes, which are ultra-low attachment cluster dishes (Corning,
Tewksbury, MA). Spheres were checked regularly under a
microscope, and detached cells were used to prepare a single-cell
suspension for 4, 8, and 12 days after the sphere size reached ≥
50 µm. These were considered parental, secondary, and tertiary
passages, and the time for sphere formation varied significantly
based on the subpopulation. The number of passes from which
the cells formed spheroids was indicated by the passage number,
P1, P2, etc.

Whole-cell lysate
The cells were rinsed with ice-cold PBS after tertiary cell
suspensions from various CSC subpopulations were stored on
ice. PBS should be removed and replaced with ice-cold lysis
buffer (1 mL per 107 cells in a 100 mm dish of 150 cm2 flask;
0.5 mL per 5 × 106 cells in a 60 mm dish of 75 cm2 flask). Using
a cold plastic cell scraper, remove adhering cells from the plate
and transfer the cell suspension to a pre-cooled microcentrifuge
tube. The cell suspension was centrifuged at 12,000 rpm after 30
minutes of continuous agitation at 4°C. The tubes were kept on
ice after being removed from the centrifuge. The supernatant was
aspirated and stored at -80 degrees Celsius for further western
blotting examination, while the cell pellet was discarded.

Concentration of cell culture supernatant

Tertiary cell suspensions prepared with distinct CSC
subpopulations were cultured in serum-free DMEM for seven
days. The cells were incubated in 20 ml of serum-free DMEM
supplemented with 2 g/ml plasminogen at 37°C. The cell-free
conditioned media was collected every 24 hours and replaced
with fresh media. The TCA-NLS-THF precipitation method
was used to concentrate the proteins in the conditioned media.
Colony formation assay
The Bradford assay was used to measure the yield during protein
recovery for every growth condition, and the sample data was
A single-cell suspension was generated from non-adherent
compared to the reference standards of the BSA.
tertiary passage culture and seeded on Petri plates after carefully
counting cells in each sample using a hemocytometer with SODIUM DODECYL SULFATE
sufficient dilution (2000 cells/plate). Each subpopulation was
POLYACRYLAMIDE GEL ELECTROPHORESIS
seeded in triplicate on 15-mm dishes. The Petri dishes were
placed in a humidified plastic cloning box for one week at 37°C (SDS-PAGE)
with 5% CO2. Cultures were washed in 5 mL of 0.9% saline The components used for the SDS-PAGE technique are listed
after carefully removing the media from the culture plates by in Appendix 1. The gels were cast in this technique, with the
aspiration. For 15 to 30 minutes, colonies were immersed in 5 production of the 8% resolving gel and 5% of stacking gel.
mL of 10% neutral buffer with formalin solution. After fixation, TEMED was added for gel polymerization. Solidified prepared
the cells were stained with crystal violet (5 mL of 0.01 percent- gels were immediately used or stored in moist paper (4°C) to
w/v) for 30 minutes-60 minutes, and the excess was rinsed with carry out gel electrophoresis. Samples used in this technique
deionized water. Let the plates be allowed to dry. The colonies are cell lysates and supernatants of concentrated cultures.
were counted using a stereomicroscope. Image J, an imaging Relevant samples were prepared by combining them in two
analysis software tool, was used to estimate digital photographs times the amount of Laemmli buffer. Proteins were denaturized
of the colonies taken with a camera or scanning instrument. by heating the mixer at 95°C for 5 minutes at 1,400 rpm on a
(1.53j version)
shaker. The gel was run at 120 V with 200 mA maintained at
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50 W for 70 minutes using a running buffer, and 15 µl-30 µl of
the relevant samples were placed into the remaining gel pockets.
The electrophoretic run was tracked using bromophenol blue
tracking dye-containing Laemmli buffer.

Western blotting
The semi-dry blot method is used to transfer proteins from
various SDS gels to nitrocellulose membranes. The proteins
on the denaturing gel were transferred onto the membrane by
blotting at 120 V (50 W) for 1 hour at 100 mA. Protein transfer
onto the nitrocellulose membrane was tracked by staining with
Ponceau Red, with a protein detection sensitivity of around
0.5–1 µg. Stained membranes were scanned, and the results
were documented. The nitrocellulose membrane was initially
treated with 2 percent skimmed milk dissolved in TBS-Tween
to prevent non-specific antibody binding during the subsequent
incubation procedures. The primary antibody was mixed with
2 percent skimmed milk (1:1000) in TBS-Tween for specific
labeling of extracted protein. To remove unbound antibody
molecules, the membranes were washed numerous times with
TBS-Tween. The membrane was then treated with the speciesspecific secondary antibody, which was diluted (1:5000) in 2
percent skimmed milk dissolved in TBS-Tween. The membranes
were washed, air-dried, and incubated for 1 minute at RT
with ECL solution and then incubated in a dark-room. Later,
membranes were exposed to photographic ECL Hyperfilms and
the signals were measured using ImageJ. Blots were removed
and reprobed with beta-actin (control) for equivalency. With
appropriate calculations, the signals of the samples were
normalised to be accurate with housekeeping proteins that had
been loaded as an internal control for quantification.

Gelatin zymography
The presence of MMPs was studied by gelatin zymography. Cell
supernatants free of cell debris were used in non-reducing SDSPAGE zymography in gelatin-acrylamide gels. A 12% Bis-tris
gel with 10% (w/v) of gelatin as a resolving gel and 3.9% of
Bis-tris stacking gel was prepared for all gelatin zymography
experiments. To this solution, freshly prepared 100 µl and
10 µL 10% APS (w/v final) and TEMED were added and
pipetted the gel solution immediately into the gel casts. The
gel was covered with an isopropyl alcohol layer to prevent
evaporation, which was removed once the gel had set. The
concentrated protein samples were prepared in the appropriate
non-reducing buffer. Gel pockets were loaded with 15–30 µl
of samples, and the gel was run at 120 V, 200 mA, and 50 W
of running buffer. The gels are then washed overnight at 37°C
with 2.5 percent, 50mM Triton X-100, and development buffer
Tab.1. Expression of CSC markers in primary
prostate tumors
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for gelatin lysis.The lytic gels were destained and labelled with
Coomassie brilliant blue (0.5%).The gelatinolytic activity,
visualised as a white band against a blue backdrop, was imaged
in ChemiDoc and quantified through ImageJ software.
The enzyme activities of MMPs were calculated considering the
ratio of the optical density of the experimental sample and the
activity of 2 ng of rMMPs isolated on the same gel.

RESULTS
Isolation and Characterization of CSCs from human
prostate cancer tissues
The potential cancer stem cell of prostate tissues following
radical prostatectomy was determined. Six prostate cancer tissue
suspensions were briefly analysed based on the inclusion and
exclusion criteria mentioned in the materials and methods.
Tissues were homogenised into cell suspensions. These cell
suspensions were sorted for cell surface markers CD133 and
CD44 by the magnet-associated cell sorting method (MACS)
as described in materials and methods. Three phenotypic
subpopulations were separated (CD133-, CD133+44- and
CD133+44+ cells).
Individual live-cell subsets were counted, and [table 1] shows the
median fraction of subsets to total cells in the tissue. As shown
in the table and [figure 2], the median percentages of CD133,
CD133+44- and CD133+44+cells were found to be 89 (range,
85 to 96), 9 (range, 5.5 to 13.5), and 0.32 (range, 0.14 to 0.45),
respectively, as shown in the table and [figure 3]. As shown in
[figure 2] A, flow cytometry was used to verify the purity of the
sorted CD133+44+ subpopulation and it was found to be more
than 95%, as shown in [figure 2].

Self-renewal and sphere-forming ability in CSCs
subsets
The proliferative capacity of the individual subpopulations
was determined by culturing and serially passing them in
DMEM stem cell-conditioned culture media as mentioned
in the materials and methods. The CD133-, CD133+44- and
CD133+44+ with a density of 1000 cells per well were plated
in 24-well plates. All three subpopulations were developed as
spheres, which are non-adherent clusters. When the spheres grew
to a diameter of 50µm, they were passaged every four days, and
the single-cell from the spheres was able to produce new spheres.
This ability to create spheres was tested in parental and serially
passaged sphere cultures. As shown in [Figure 3], CD133+ and
CD133+44+ CSCs show a significant increase in the number
CD133-

CD133+44-

CD133+44+

P1

92%

7.5%

0.39%

P2

86%

9.5%

0.35%

P3

90%

8.5%

0.29%

P4

88%

11.2%

0.23%

P5

85%

13.5%

0.14%

P6

96%

5.5%

0.45%
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sphere-forming cells proliferated much faster than CD133cells, resulting in significantly larger and more tumour colonies.
When the number of colonies per 2,000 implanted cells is
counted, there is no significant difference between CD133+44and CD133+44+ tertiary sphere-forming cells (48.5, 4.55, and
4.84 (P=0.05)) [Figure 4]. The sphere-forming cells were able to
proliferate in large numbers and may play an important role in
tumor formation.

A

B

Chemotherapy is often ineffective against prostate cancer. Prostate
cancer stem cells are more likely to be resistant to therapy, which
leads to recurrence. To determine their chemoresistance, the
A

A

PARENTAL CELLS
<50 μm

SECOND
PASSAGE
(Between
50 to 80 μm)

THIRD PASSAGE
<100 μm

B

CD133-

CD133+44 -

B

No of Colonies per
2000 Seeded Cells

Fig.2. Percentage of CD133-, CD133+44-, CD133+44+ cells in primary prostate
tumors (n=6) as determined by flow cytometry. Single-cell suspensions
were prepared by magnetic sorting, followed by flow cytometric analysis.
A): Representative flow cytometric plot. B): The relative variations in the
frequency of each of the three sub-populations are depicted in box plots.
The minimum and maximum values are represented by the whiskers, the
median value is represented by the center lines, and the 25th and 75th
percentiles are represented by the boxes

80

(n=6)

60

**

**

CD133+44 +

CD133CD133+44CD133+44+

40
20
0

Fig.4. Sphere-forming cells proliferated extensively in vitro. A):
Clonogenecity of tertiary sphere-forming cells (n=6). B): Cells were seeded
in 6-well plates with a density of 2,000 cells per well and cultivated for one
week. Proliferation efficiency was assessed through crystal violet staining
and photographed. The percentage of proliferating cells is shown in box
plots. The minimum and maximum values are represented by the whiskers,
the median value is represented by the center lines, and the 25th and
75th percentiles are represented by the boxes. In contrast to CD133- cells,
statistical significance was determined using a t-test (* p<0.05, ** p<0.01,
*** p<0.001)

sensitivity of CD133-, CD133+44-, and CD133+44+ tertiary
sphere-forming cells to doxorubicin was studied. Doxorubicintreated cultures at 24 h showed increased cell survivability when
compared to parental. Relative survival rates differ significantly
between the CD133+44- and CD133+44+ subpopulations
after 12 and 24 hours of culture when compared to the CD133subpopulation, as shown in [Figure 5] (P 0.05).

of spheres and size (50 μm to 100 μm) compared to parental
cultures. However, CD133- cells did not show any apparent
increase in the number of spheres upon passaging compared to
their parental cultures.
Using a clonogenicity assay, we compared the proliferative
potential of tertiary passaged spheres from three subpopulations. Two thousand cells were adherently plated and
cultured for seven days. The cultures were stained with crystal
violet and counted. CD133+44- and CD133+44+ tertiary

100
Cell Survivability (%)

Fig. 3.The sphere-forming assay with human prostate cells.
A): Representative bright-field images of human prostate spheres are
shown. Scale bars=100 μm. B): Sphere formation (n=6) by CD133-, CD133+44and CD133+44+ cells culture on days 4, 8, and 12 of culture. The fraction of
cells that form spheres is shown in box plots. The minimum and maximum
values are represented by the whiskers, the median value is represented by
the center lines, and the 25th and 75th percentiles are represented by the
boxes. In contrast to parental cells, statistical significance was determined
using a t-test test (* p<0.05, ** p<0.01, *** p<0.001)

(n=6)

**
**

**
**

75

CD133 CD133 +44CD133 +44+

50

25

0

12 h

24 h

Fig.5. Doxorubicin treatment affects three subpopulations of cancer stem
cells. Survivability of tertiary passaged CD133-, CD133+44-, and CD133+44+
spheroidal cells for 12 and 24 hours after Doxorubicin treatment (n=6).
Box plots show the percentage of annexin-V positive cells. The minimum
and maximum values are represented by the whiskers, the median value
is represented by the center lines, and the 25th and 75th percentiles
are represented by the boxes. Unlike CD133- cells, a t-test was used to
determine statistical significance (* p<0.05, ** p<0.01, *** p<0.001)
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Fig.6. Expression of drug-resistant markers in the three subpopulations
of cancer stem cells. A): A representative western blot showing the
expression of MDR1/ABCB1 and OCT-4. The cellular extracts from the three
subpopulations were prepared as stated in the materials and methods
chapter. The extracts (40 μg of protein in each line) were separated on a
10% acrylamide gel. Expression levels of markers such as MDR1/ABCB1 and
OCT-4 were determined by western blot (n=6). β-actin was used as a loading
control. B): The relative expression of MDR1/ABCB1 and OCT-4 is shown
in box plots. The minimum and maximum values are represented by the
whiskers, the median value is represented by the center lines, and the 25th
and 75th percentiles are represented by the boxes. In contrast to normal
prostate cells, the statistical significance of the results was determined using
a t-test (* p<0.05, ** p<0.01, *** p<0.001)

SDF-1 α
CXCR-4
Beta Actin
B

Fig.7. Expression of chemokines and their receptor in the Normal prostate
and single, double-positive subpopulations of cancer stem cells. A): A
representative western blot showing the expression of SDF-1 α and CXCR4. The lysates of whole-cell extracts from the Normal prostate and two
subpopulations were prepared as stated in the materials and methods
chapter. The extracts (40 μg of protein in each line) were separated on
a 10% acrylamide gel. Expression levels of SDF-1 α and CXCR-4 were
determined by western blot (n=6). β-actin was used as a loading control.
B): The relative expression of CXCR-4 and SDF-1 is shown in box plots.
The minimum and maximum values are represented by the whiskers, the
median value is represented by the center lines, and the 25th and 75th
percentiles are represented by the boxes. In contrast to normal prostate
cells, the statistical significance of the results was determined using a t-test
(* p<0.05, ** p<0.01, *** p<0.001)

A

Determination of various MMPs and
Chemokines in CD133+44+ CSC cultures
B

CSC breakdown, tumor neovascularization, and subsequent
metastasis are mediated by MMPs. Depending on the target
substrates, the MMP family is grouped into collagenases (1, 8,
and 13), stromelysins (3 and 10), matrilysins (7), and gelatinases
(2 and 9). We cultured CD133+ and CD133+44+ tertiary
oncosphere cultures for seven days to see if they produced
different MMPs and chemokines. The culture supernatants were
concentrated using TCA-NLS-THF precipitation method filters
as stated in the materials and methods section. The concentrated
protein from the culture supernatants was then used to detect
MMPs, and simultaneously, cell lysates were prepared to
detect chemokines using western blotting and densitometry.
CD133+44+ tertiary oncosphere cultures secreted elevated
MMPs and chemokine proteins compared to CD133+ or
normal prostate (NP) cultures [Figure 7 and 8], demonstrating
the functional significance of CD133+44+ CSC subpopulation
cells. The median representation after normalisation shows
SDF-1 alpha (1.820, 1.63 to 1.96), CXCR-4 (1.86, 1.65 to

23
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CD133+

A

Cells of prostate cancerous tissue express related genes to stem
cells like OCT-4 and ABCB1/MDR-1. Therefore, as described
in the materials and methods chapter, we performed western
blotting to look at the stem-ness-related protein expression
levels. Compared to the CD133- subpopulation and normal
prostate cells, both CD133+ and CD133+44+ tertiary
spheroidal cells showed significant overexpression of OCT4 and
ABCB1/MDR-1 stemness genes (p-value < 0.05) [Figure 6].

NP

Sphere-forming cells overexpress stemness-related
proteins

CD133+44+
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C

D

Fig.8. Expression of Matrix metalloproteinases (MMPs) - Gelatinases (MMP9 & 2), Stromelysins (MMP-10 & 3), Collagenases (MMP-13) and Matrilysin
(MMP-7) in the Normal Prostate and single, double-positive subpopulations
of cancer stem cells. A): A representative western blot showing the expression
of MMPs. The concentrated cell culture supernatants from the normal
prostate and two subpopulations were prepared as stated in the materials
and methods chapter. The extracts (40 μg of protein in each line) were
separated on a 10% acrylamide gel. Expression levels of MMPs such as 13, 7,
3, 10, 2, and 9 were determined by western blot (n=6). β-actin was used as a
loading control. B, C & D): The relative expression of MMPs is shown in box
plots. The minimum and maximum values are represented by the whiskers,
the median value is represented by the center lines, and the 25th and 75th
percentiles are represented by the boxes. In contrast to normal prostate
cells, the statistical significance of the results was determined using a t-test
(* p<0.05, ** p<0.01, *** p<0.001)
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1.98) in CD133+44+ whole cell lysates cultures.As shown in
Figure 4.6B, the CD133+44+ subpopulation was expressed
significantly higher than the CD133+subpopulations of SDF-1
alpha (0.29 to 0.56 and 0.76 to 1.24) and chemokine receptor
CXCR-4 (0.13 to 0.31 and 0.6 to 0.96) (p 0.05).
In addition, MMP-2 (0.5 to 1.04) and MMP-9 (1.68 to 2.05)
in CD133+44+ were significantly higher in comparison with
CD133+ and primary cultures of normal prostates shown in
figure 4.7B. A similar significant expression trend was observed in
stromelysins (MMP 10 – 1.65 to 2.03; MMP 3 -0.10 to 0.26),
collagenases (MMP 13-0.8 to 1.7), and matrilysin (MMP
7-0.53 to 1.56) as shown in figures 4.7 C and D.

ISOTYPE

CD133+

NP

The polyclonal MMP antibodies used in western blotting
recognise both pro and active forms of MMPs [Figure 8].
Proteinase activities in concentrated samples were detected by
gelatin-zymography to confirm actual MMP activity [Figure 9].
Clear bands were visualised in CD133+44+ cell subpopulations
than in normal prostate and CD133+, indicating increased
MMP activity in the supernatants of CD133+44+ CSC
subpopulation cells derived from prostate cancer. Zymography
(n=6). Coomassie blue was used to stain the gels, and the
active proteins were detected as clear lysis zones against a dark
background.Expression levels of chemokines in lysates and
all MMPs in supernatants were significantly higher in the
CD133+44+ subpopulation. This subpopulation was cultured
for further studies to study the angiogenic potential towards
tumor progression.

factors. Cancer metastasis occurs when cancer cells from the
original tumour spread to other organs in the body, causing
morbidity and mortality. Proteases such as MMPs regulate
cell shape and activity during metastatic tumour progression
by breaking down extracellular matrix and cleaving basement
membrane components. Early metastatic maintenance is
aided by MMPs, which generate intravasation and maintain
neovasculature during tumour growth. MMPs also help to
maintain the health of blood vessels, which helps to prevent the
formation of distant secondary tumours during the progression
of prostate cancer. Because of its local invasiveness, lymph node
malignancy, and resistance to traditional therapy, PCa has a bad
prognosis. Despite recent advances in surgical technology and
adjuvant drugs, unfavourable diagnosis as a replica has been
reported following PCa therapy [29-31]. CSCs' importance
in cancer recurrence and metastatic spread has been supported
by their identification and targeted eradication as a viable PCa
therapeutic method. The current study looked at how PCSCs and
MMPs interact during tumor mediated metastatic angiogenesis.
PCSCs are the primary targets in cancer therapy because they
are the driving force behind carcinogenesis and metastasis. A
number of CSC markers have recently been found in a variety
of solid and hematopoietic malignancies [32-34]. CSCs are a
subset of cancer cells that exhibit multiple surface markers such
as CD133 and CD44 and make up the majority of cancer cells in
both solid and non-solid tumours [35-38]. The markers CD133
and CD44 [39-40], which are associated with poor prognosis
in invasive in vitro studies because of their high expressions, are
found in very well-known isolated and identified CSCs [4148]. Using CD133 or CD44 as a diagnostic marker, CSCs were
recently found in primary laryngeal cancer cells, LSCC, and PCa
malignant cells [49-56]. According to Hermanns and Collins'
research, pancreatic and prostate cancer cells that are CD133+/
CXCR4+ and CD44+/α2β1hi/CD133+ are tumorigenic [5760]. As a result, CSCs aid tumour growth and dissemination.

CSC Isolation and its characterization from prostate
tissues
Select biomarkers, which are usually found on the cell surface,
can be used to identify CSCs [61]. The most prevalent isolation
procedures (MACS) are FACS and MACS [62]. FACS
technology has been widely employed in cancer, immunology,
neuroscience, and stem cell research since Dick JE initially used
it to screen CSCs for leukaemia [63]. MACS is a simple and
inexpensive alternative to FACS for retaining cell viability [64].
Fig.9. Expression of MMPs in the Normal Prostate and single, double-positive
According to previous research [64], CSCs in head and neck
subpopulations of cancer stem cells. A representative Gelatin Endoprotease
zymogram was shown. The concentrated cultured supernatants from the SCC show considerable expression of surface markers such as
Normal prostate and single (CD133+), double-positive subpopulations CD133 and CD44. In the current work, MACS was utilised
(CD133+44+) were prepared as stated in the materials and methods chapter.
to identify CD133 and CD44 double-positive subpopulation
The extracts (40 μg of protein in each line) were separated on a 10%
gelatinized acrylamide gel. Gelatinolytic activity of MMPs was determined cells from PCa, which were then examined by flow cytometry
by Gelatin Zymography (n=6). Coomassie blue was used to stain the gels, in the current work. MACS was used to examine the properties
and the active proteins were detected as clear lysis zones against a dark of CD133 and CD44 associated cells isolated from Pca
background.
patient tissues (CD133+44+ cells vs CD133+44-, CD13344+, CD133-44- cell subpopulations and parental cells). Due
DISCUSSION
to particular drug-resistant cell surface phenotypic markers
Tumor growth and angiogenesis are aided by the presence of like MDR-1 (ABCB1) and OCT-4, the CSCs of various solid
solid tumour matrix, necessary proteases, and pro-angiogenic tumours show great resistance to chemotherapeutic drugs.
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Drug-resistant indicators trigger tumour relapse by expelling
cytotoxic medicines that are required for cell survival and
tumour invasiveness [47]. CSCs efficiently express multidrug
resistance proteins such as ABC transporters (ABCB1, ABCC1,
and ABCG2), which protect leukaemia and other solid tumour
cells from treatment by acquiring drug resistance, according to
Gottesman et al. [34-36]. Cancer CSC cells have high levels of
OCT-4, a critical stem cell factor that controls morphogenesis
and differentiation capacity. The majority of studies discovered
a link between OCT-4 expression and chemoresistance, which
is associated with a poor clinical outcome [56]. Assessing CSC
medication resistance is critical to avoid disruptions in cancer
treatment.Doxorubicin is a widely used palliative chemotherapy
drug for hormone-refractory prostate tumours. Drug resistance
was stronger in CD133+44+ cells compared to CD133-44+,
CD133+44-, and parental cells. MDR-1 and OCT-4 expression
are higher in CD133+44+ cells. As a result, CD133+44+ cells
could be a suitable target for anticancer and PCa therapies. To
better understand the distinctions between CD133+ and CD44+
PCa CSCs, CD133+ and CD44+ cells were concentrated in
parental and drug-treated tertiary passaged cells. CSCs have
two distinct properties: self-renewal and chemo-resistance [34].
Furthermore, chemotherapeutic resistance was found to be
higher in CD133+44+ cells than in CD133+ or CD44+ cells
by themselves. In serum-free circumstances, CD133+44+ cells
form spheres reliably. It was surprising that CD133+44+ cells
demonstrated a higher rate of self-renewal and colony formation
than CD133+ or CD44+ cells, which was surprising [46]. Surface
markers and the ability to form spheres are two characteristics of
CSCs. [21]. CD133+44+ (PCSCs) subpopulations were found
to have more stemness, malignancy, and tumorigenicity than
other subpopulations (CD133+44-, CD133-44+), as well as
parental cells.
According to new evidence and cohort studies, chemokines and
their receptors are implicated in a multistep process during PCSC
survival, proliferation, and invasion, making the tumour more
aggressive and resistant to therapy. Controlling or inhibiting
chemokines or their receptors could be useful markers for reducing
PCSC-mediated tumour development. CXCR-4 is a chemokine
receptor found in most human malignancies but not in normal
epithelial cells. According to Xueqing Sun [32], CXCR-4 has
been identified in numerous tumours during the mediation of
tumour spread and works as a biomarker for tumour behaviour
[61]. In many malignancies, including CXCL12/SDF-1 in PCa,
a CXCR-4 related ligand promotes PCSC tumour growth and
metastasis. Increased expression of SDF-1alpha and CXCR-4
in prostate cancer patients indicates bone metastases [34-36].
Dubrovska and Singh et al. found that high levels of CXCR-4
and SDF-1 alpha in double-positive PCa cell cultures encourage
distant organ metastasis indirectly by modulating proliferation,
differentiation likelihood, and tumorigenicity [37]. Because
CSCs can initiate metastasis and cause relapse during primary
treatment, antibody inhibition of CXCR-4 and SDF-1 lowers
the size of the tumour and the number of CSCs [60-63]. In
comparison to other cell subpopulations, our western blotting
data revealed increased chemokine expression in PCSCs of
tertiary passaged oncospheres.
25
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Because of the role of MMPs in cancer, we focused on cytokines
and growth factors involved in increasing prostate cancer cell
migration in conjunction with PCa CSC-mediated MMPs.
With the involvement of MMPs and chemokines, studies
on the carcinogenic and angiogenic capacity of PCa CSCs
were conducted. In a mouse model, CXCR-4 regulation and
knockdown reduce bone metastases and impact the production
of VEGF and MMPs in PC-3 cells [23]. Chemokines regulate
MMP participation in various stages of metastasis, such as
invasion and extravasation. ECM degradation and subsequent
rearrangement caused by MMPs MMP expression was found
to be 30 times higher in malignant prostate tissues than
in nonmalignant prostate tissues in several studies. Tumor
adversity was found to have a substantial positive connection
with MMPs in a variety of solid tumours, particularly as a
predictor of prostate cancer. Or and colleagues [65]. discovered
that in MMP-8 neutralised mice, the absence of MMP
promotes tumorigenesis by enhancing cutaneous carcinogenesis
sensitivity [66]. MMP expression in PCSC-grown oncospheres
is thus still unknown. The goal of this study was to detect MMP
in the tumour niche, which could be involved in matrix and
tissue border cleavage, which leads to angiogenic development.
According to numerous studies, proteases have been implicated
in a variety of odd malignancies. MMP-2 activity levels are
thought to be prognostic [67], and their involvement in
pathogenesis is unknown. Regardless of disease stage, PSA, or
GS, MMP-2 overexpression in malignant prostate glands has
been demonstrated to be a greater predictor of prostate cancer
than disease-free survival [68]. Protease levels, particularly
MMP-2 and 9, are associated with tumour stemness and
aggressiveness in the PCSC subpopulation of a prostate tumour
[69]. Decreased levels of MMP-2 and its regulators have also
been associated with prostate cancer [70], whereas Sabrina
Thalita et al. found that MMP-3 is positively related to cancer
invasiveness and metastasis. MMP-7, a protease capable of
cleaving basement membrane, is thought to be linked to cancer
[71-73].According to Sugure Maruta's research, MMP-10 was
predominantly found in the cytoplasm of cancer cells, and its
expression in cancer cells (13.8%) was substantially higher than
in non-tumoral cells (2.4%) [73]. MMP-10 disrupts the growth
and death of cancer cells, contributing to the progression of
non-metastatic prostate cancer. MMP-7, on the other hand,
suppresses angiogenesis in HUVECs by blocking the VEGF
pathway [74]. MMP-2, 8, and 9 activation in ECs is activated
by chemokines and cytokines with known pro-angiogenic
characteristics, therefore regulating angiogenesis [74].

CONCLUSION
In this investigation, PCSC cultured supernatants had
significantly higher quantities of gelatinolytic proteases than
non-tumoral cells, as seen by clear visual bands. We can
speculate that increased MMP expression is responsible for
profile elucidation in PCa tissue and might be a characteristic of
prostate cancer that can be utilised for tumor diagnosis.
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