Biomedical Research and Therapy 2023, 10(8):5810-5830

Open Access Full Text Article

Original Research

Comparison of cancer stem cell enrichment between spheroids
derived from single-cell and multicellular aggregate cultures

Omar Nafiis Hairuddin", Badrul Hisham Yahaya?, Mohamad Johari Ibahim’, Abhi Verakumarasivam?,
Chan Soon Choy*, Musalmah Mazlan'", Nurhidayah Ab. Rahim?>, Syarifah Masyitah Habib Dzulkarnain®,

Siti Farizan Mansor?>""

Use your smartphone to scan this
QR code and download this article

'Department of Biochemistry and
Molecular Medicine, Faculty of
Medicine, Universiti Teknologi MARA,
Malaysia

*Department of Biomedical Sciences,
Advanced Medical and Dental Institute
(AMDI), Sains@Bertam, Universiti
Sains Malaysia, 13200 Kepala Batas
Penang, Malaysia

Correspondence

Siti Farizan Mansor, Department of
Biomedical Sciences, Advanced Medical
and Dental Institute (AMDI),
Sains@Bertam, Universiti Sains
Malaysia, 13200 Kepala Batas Penang,
Malaysia

Faculty of Health Sciences, Universiti
Teknologi MARA, Cawangan Pulau
Pinang, Kampus Bertam, 13200 Pulau
Pinang, Malaysia

Email: sitifarizan@uitm.edu.my
History

e Received: Jun 05, 2023

e Accepted: Aug 23, 2023

e Published Online: Aug 31, 2023

DOI : 10.15419/bmrat.v10i8.823
M) Check for updates

Copyright

© Biomedpress. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

BioMedPress

The Open Access Publisher

ABSTRACT

Introduction: Cancer stem cells (CSCs) represent a distinct group of cells within cancerous tis-
sue that possess the ability to initiate tumorigenesis and exhibit potency, self-renewal, and drug
resistance. The study of CSCs often encounters challenges in obtaining these cells of interest or
generating a sufficient quantity for downstream analysis. Nevertheless, it is feasible to enrich CSCs
in vitro by subjecting them to conditions that stimulate their CSC properties, such as prolonged ex-
posure to drugs or radiation, or by promoting their self-renewal capability through spheroid culture.
Spheroids are a specific type of cell culture that organizes cells into a three-dimensional structure,
closely mimicking the in vivo environment. These spheroids consist of a heterogeneous cell popu-
lation, including CSCs or tumor-propagating cells responsible for tumor growth and maintenance.
In our study, we cultured spheroids derived from single cells as well as multicellular aggregates
to enrich CSCs based on their self-renewal capability and the structural organization provided by
the three-dimensional context. Methods: Comparing the spheroid cultures with the parental ad-
herent monolayer cells, we observed higher expression of CSC markers, pluripotent genes, and
adipogenic differentiation in both multicellular spheroids (MCS) and single cell-derived spheroids
(SCDS) of the two tested cell lines. Results: The spheroids exhibited progressive growth in size
throughout the culture period. When comparing the two methods, SCDS demonstrated greater
expression of surface markers and all three pluripotent genes associated with CSCs. Furthermore,
when assessing drug resistance potential and the expression of the ABCG2 drug efflux gene, only
5637 SCDS displayed increased resistance to cisplatin and upregulation of ABCG2. Conclusion: In
conclusion, both the MCS and SCDS methods effectively enriched the population of bladder CSCs
in the 5637 and HT-1376 bladder cancer cell lines. However, the SCDS method demonstrated a
higher upregulation of CSC markers and pluripotent gene expression compared to MCS. It is worth
noting that spheroid culture and CSC enrichment are not mutually exclusive and can coexist with
increased chemotherapy resistance and upregulation of ABCG2 drug efflux gene expression. More-
over, the drug efflux capability may vary depending on the specific cell line and clonal lineage.
These strategies can serve as valuable models for CSC enrichment, the study of cancer cell behav-
ior, disease modeling, and personalized chemotherapy investigations.

Key words: Bladder Cancer, Cancer Stem Cells, Cancer Stem Cells Enrichment, 3D Culture,
Spheroid, Chemotherapy Resistance, Cisplatin, ABCG2

INTRODUCTION orectal, lung and prostate cancer®. The recurrence of

According to the Global Cancer Observatory by the cancers, including bladder cancer, is often related to

World Health Organization, bladder cancer is the fifth the presence of a type of cell called the cancer stem cell

most common cancer worldwide and the most com- (CSC), due to the cell’s capability to metastasize, re-

mon cancer of the urinary system!-3. It was the pair its DNA damage and efflux chemotherapy drugs
6" most common cancer in men and the 9" leading ~ ©ut of the cell 237,

cause of cancer death in men globally in 2020. Due CSCs are a small population of cancer cells within a
to the very high rate of relapse (more than 50%) af- ~ tumor bulk that carries stemness state-transitioning
ter treatment®>, the long survival rate, and the need  plasticity, “potency” and “unlimited self-renewal” ca-
for costly life-long routine surveillance and therapy, pability81%.  The concept of CSCs began with a
urothelial cell carcinoma (UCC) has the highest per-  study on acute myeloid leukemia (AML) that was
patient total cost from diagnosis to death when com-  published in 1994, whereby a subpopulation of AML

pared to other common cancers, such as breast, col-  cells obtained from a patient were able to propa-
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gate tumorigenesis in severe combined immunodefi-
cient (SCID) mice after transplantation 1 This find-
ing drives a domino effect on the research revolving
around CSCs, as later in 2003, the discovery of can-
cer stem cells in solid tumors, namely, breast cancer
and brain cancer, was also published !%!3. In addi-
tion, CSCs were discovered in various other cancers,
such as melanoma 4, osteosarcoma '3, prostate can-
cer'®, ovarian cancer!”, gastric cancer!8, lung can-
cer!?-21 and bladder cancer >3>7,
However, research on CSCs is often restricted by the
scarcity of the desired sample, as CSCs make up only
a very small population of a tumor bulk?*23 due to
the feedback mechanism of self-renewal and stochas-
tic differentiation to maintain homeostasis of an or-
gan, or in this case, a malignant tumor, to ensure
a feasible amount of functional progeny cells®. Be-
cause of this, some researchers aim to enrich the CSC
population by various means and methods, such as

isolation of CSC-related cell surface markers1821:24,

25,26

side population (SP) cells , chemotherapy- and

radiotherapy-resistant cells 22-27-30

10,31,32

and spheroid cul-
tivation While some researchers opt for
single-cell analysis for the study of CSCs in various
cancers, including bladder cancer 5:33,34 this method
is not extensively accessible and is costly.

Isolation and enrichment of CSCs through the
spheroid culture method is an effective approach to
studying CSCs in solid tumors because spheroid cul-
ture provides 3D organization and cell-to-cell interac-
tions that mimic the in vivo tumor structure 33-38, 'The
formation of a 3D organization of cells in spheroids
can be achieved through various methods depend-
ing on the aim of research or specimen origin. Cell-
derived tumorspheres can be established through two
approaches: multicellular tumor spheroids (MCTSs)
and single-cell-derived tumor spheroids (SCDSs).
MCTS is generated by culturing cells as multicellu-
lar aggregates, whereas SCDS is cultured as isolated
single cells. Both methods can be performed with
or without a scaffold, which provides structure and
support that mimics the extracellular membrane in
vivo 3637,

The application of 3D spheroid culture as a means for
drug sensitivity testing for cancer has also been widely
used, as the organization of cells in a 3D cluster allows
for a better model in drug sensitivity testing and drug
response analysis when compared with 2D monolayer
culture. As an organization of cells in a 3D structure
provides a niche to support the activation of EMT and
the pluripotent pathway, which increases the num-
ber of CSCs3?, this could also indirectly increase the
drug resistance capability of the spheroid, as CSCs are
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known to be resilient to chemotherapy drugs by the
activation of several pathways, such as the ABCG2
drug efflux pathway4°.

In this study, spheroids were grown from either multi-
cellular aggregates or single cells to mimic the cell-cell
organization of in vivo tumors and the self-renewal
capability of CSCs, to provide methods for CSC en-
richment and to test whether the culture of cells in a
3D organization and the enrichment of CSCs will re-
sult in a model system that is suitable for in vitro anal-
ysis of drug resistance in bladder cancer (Figure 1).

METHODS

Cell lines and culture media

The bladder cancer cell lines 5637 and HT-1376 were
purchased from American Type Culture Collection
(ATCC, Rockville, MD, USA). The parental adher-
ent monolayer 5637 and HT-1376 cell lines were
maintained in RPMI 1640 complete media consist-
ing of Roswell Park Memorial Institute (RPMI) 1640
basal media (Corning, USA) supplemented with 25
mM HEPES (Gibco, Thermo Fisher Scientific, USA),
10% fetal bovine serum (FBS) (Gibco, Thermo Fisher
Scientific, USA) and 1% penicillin—streptomycin in
an incubator with 5% CO, at 37°C. Spheroids were
cultured in RPMI 1640 spheroid media consisting
of RPMI 1640 basal medium supplemented with
1x B27 supplement (Gibco, Thermo Fisher Scien-
tific, USA), 0.4% FBS (Gibco, Thermo Fisher Scien-
tific, USA), 20 ng/ml basic fibroblast growth factor
(bFGF) (R&D Systems, USA), 20 ng/ml epidermal
growth factor (EGF) (R&D Systems, USA), 4 ug/ml
insulin (Gibco, Thermo Fisher Scientific, USA) and
1% penicillin—streptomycin (Corning, USA).

Multicellular Spheroid (MCS) Culture

5637 and HT-1376 cells were cultured in RPMI com-
plete media as monolayers until 80% confluence.
Cells were then dissociated by adding 0.25% trypsin-
EDTA (Gibco, Thermo Fisher Scientific, USA) for 5
minutes at 37°C to obtain a single-cell suspension.
A suspension of 200,000 cells/ml was prepared using
RPMI spheroid media in a 50 ml tube and transferred
to a trough. Twenty-five microliters of the suspen-
sion was pipetted using a multichannel pipette onto
a sterile petri dish as droplets containing 5000 cells.
The petri dish was then inverted upside down and cul-
tured for 2 days to form MCSs. The MCSs were trans-
ferred to 24-well ultralow attachment (ULA) plates
containing 500 uL of RPMI 1640 spheroid media and
cultured for 8 days with media replenishment every 3
days. The MCS morphology and diameter were ob-
served and measured at 4 different timepoints (day
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2, day 5, day 7 and day 10) using an inverted phase
contrast microscope (Olympus IX51) and were then
harvested after day 10 of culture, which consisted of
2 days in the hanging drop and 8 days in the ULA
plate. MCSs were collected in a 15 ml tube and cen-
trifuged at 1500 rpm for 5 minutes. The supernatant
was decanted, and the cell pellet containing MCSs was
gently mixed with 0.25% trypsin-EDTA and shaken at
300 rpm at 37°C to dissociate the MCSs and obtain a
single-cell suspension to be used in downstream ex-
periments.

Single Cell-Derived Spheroid (SCDS) Cul-
ture

5637 and HT-1376 cells were cultured in RPMI com-
plete media as a monolayer until 80% confluence.
Cells were then dissociated by adding 0.25% trypsin-
EDTA (Gibco, Thermo Fisher Scientific, USA) for 5
minutes at 37°C to obtain a single-cell suspension.
At 4°C (on ice), 20,000 cells from the single-cell sus-
pension were added to a 1.5 ml Eppendorf tube. Ad-
ditional media was added if required until the vol-
ume reached 7.5 ul. The cells were mixed with 7.5
ul of Matrigel™ (Corning, USA) to establish a 15
ul cell:Matrigel mixture at a 50:50 ratio containing
20,000 cells.
ted onto a 24-well plate as a dome-shaped droplet

The cell:Matrigel mixture was pipet-

and kept in a 37°C incubator for 30 minutes for the
Matrigel™ to solidify. Then, 500 ul of spheroid me-
dia was added and cultured for 10 days with media re-
plenishment every 3 days. The SCDS morphology and
diameter were observed and measured at 4 different
timepoints (day 2, day 5, day 7 and day 10) using an
inverted phase contrast microscope (Olympus IX51)
and harvested after day 10 of culture. SCDS was col-
lected in a 15 ml tube and centrifuged at 1500 rpm for
5 minutes. The supernatant was decanted, and the cell
pellet containing MCSs was gently mixed with 0.25%
trypsin-EDTA and shaken at 300 rpm at 37°C to dis-
sociate the MCSs and obtain a single-cell suspension
to be used in downstream experiments.

Bladder cancer stem cell-related surface
marker analysis by flow cytometry

The stem-like characteristics of the MCSs and SCDSs
were determined by flow cytometry analysis of CD24,
CD44 and CD133. A total of 2 x 10° cells har-
vested from MCSs and SCDSs were added to 15
ml tubes labeled with CD24/CD44, CD44/CD133,
CD24/CD133, APC, FITC, PE and unstained. Cells
were washed one time with 1x sterile PBS and cen-
trifuged at 1500 rpm for 5 minutes, and the super-
natant was decanted. Cells were then resuspended in
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200 ul FACS staining buffer and stained with 2 ul of
anti-CD24-PE antibody (BD Biosciences, USA), anti-
CD44-FITC antibody (BD Biosciences, USA) and
anti-CD133-APC (Miltenyi Biotec, USA) antibody
according to the tube label for 40 minutes in the dark
at4°C. Cells were then washed one time with 1x sterile
PBS, resuspended in 200 ul FACS staining buffer and
further analyzed using a flow cytometer. The expres-
sion of CD24, CD44 and CD133 in MCS and SCDS
cells was compared to that in parental cells.

Quantitative Real-Time PCR (qRT-PCR)
analysis of Pluripotent Transcriptional
Factor of SOX2, NANOG and POU5F1 and
ABCG2 Drug Efflux gene expression

Total RNA was extracted from MCS and SCDS using
a Nucleospin™ RNA plus extraction kit (Macherey-
Nagel, Diiren, Germany) according to the manufac-
turer’s recommendation, and the RNA concentra-
tion and purity were measured using Nanodrop and
converted to cDNA using a Tetro™ c¢DNA Synthe-
sis Kit (Meridian Life Science Inc.,, USA) accord-
Real-
time qPCR was performed to determine the expres-
sion of pluripotency genes (SOX2, NANOG, POU5FI)
and a drug efflux gene (ABCG2) in 100 ng of cDNA
from MCS and SCDS cells using a SensiFAST™
Probe Hi-ROX Kit and analyzed by an Applied Biosys-
tems 7500 fast instrument (Meridian Life Science

ing to the manufacturer’s recommendation.

Inc., USA). Fluorescent-probed primers were ob-
tained from Applied Biosystems (CA, USA): GAPDH
(control) Hs02758991_gl, SOX2 Hs01053049_s1,
NANOG Hs04399610_g1, POU5F1 Hs00999632_gl
and ABCG2 Hs01053790_m1. Ten microliters of 2x
SensiFAST Probe Hi-ROX Mix, 1 ul of fluorescent-
probed primers, 100 ng of cDNA, and H,O were
added until the final reaction mix was 20 pul. Gene
amplification was performed as follows: 95°C for 2
minutes (1 cycle), 95°C for 10 seconds and 60°C for
50 seconds (40 cycles). The mRNA values of SOX2,
NANOG, POU5F1 and ABCG2 were normalized to
the GAPDH (control) values in each sample by sub-
tracting the mean Ct (cycle threshold) values of the
control sample from the Ct values of the genes of in-
terest (SOX2, NANOG, POU5F1, ABCG2). The ex-
pression of SOX2, NANOG, POU5FI and ABCG2 in
MCS and SCDS cells was compared to that in parental
cells.

Adipogenic and osteogenic lineage differ-
entiation in vitro analysis

The MCS and SCDS of both cell lines were induced to
differentiate into adipogenic and osteogenic lineages
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using differentiation media (Stempro™, Thermo
Fisher Scientific, USA). Briefly, cells harvested from
MCS and SCDS were cultured in a 24-well plate
in RPMI spheroid media until 80-90% confluence.
The RPMI 1640 complete culture medium in three
of the wells was replaced with differentiation media
(Stempro™, Thermo Fisher Scientific, USA) to in-
duce differentiation. Another three wells were main-
tained in RPMI 1640 complete culture medium as a
control and cultured for 14 days (adipogenesis) and 21
days (osteogenesis), and the medium was replenished
every 3 days. At the end of culture, cells were washed
with 1x sterile PBS, fixed with 10% neutral buffered
formalin and stained with Oil Red O staining for adi-
pogenesis to observe the formation of lipid vesicles
or Alizarin Red S staining for osteogenesis to detect
calcium deposition. Cells were then washed with dis-
tilled water to remove any excess stain, added to 500
ul of 1x sterile PBS and observed under an inverted
phase contrast microscope (Olympus IX51).

Adipogenesis and osteogenesis differenti-
ation imaging analysis

After staining with the respective staining method,
culture images of adipogenic differentiation and
osteogenic differentiation of 5637 and HT-1376
parental, MCS, SCDS and UC-MSC (positive con-
trol for mesodermal lineage differentiation) were cap-
tured using an inverted phase contrast microscope
(Olympus IX51). The percentage (%) of adipogenic
and osteogenic differentiation color intensity was an-
alyzed using ImageJ color threshold by using the
formula: (color threshold of the fat droplet in Oil
Red-O stain or calcium deposition in Alizarin Red
stain/color threshold of whole image) x 100%.

Cell viability assay and cisplatin inhibitory
concentration 50 (1Cs)

Parental monolayer adherent bladder cancer cells of
both the 5637 and HT-1376 cell lines were seeded in
96-well plates at a seeding density of 5000 cells/well
in RPMI-1640 complete media with a final volume of
100 pl per well. Cells were incubated for 48 hours
in a humidified 5% CQO, incubator at 37°C. After 48
hours, the media were replaced with media containing
a gradually increasing concentration of cisplatin, and
the cells were further incubated for 48 and 72 hours
for treatment. After treatment, 10 ul of MTT reagent
was added to each well and incubated again in a hu-
midified 5% CO, incubator at 37°C for 4 hours. After
the incubation time, media containing MTT reagent
was removed, and 100 ul DMSO was added to each

well and incubated in a humidified 5% CO, incuba-
tor at 37°C for 10 minutes to dissolve the formazan
crystal formed. Absorbance in triplicate of each well
was measured using FlourOmega at 570 nm and 620
nm, using a well without treatment as a blank. The
percentage of cell viability was determined for each
concentration of cisplatin, and the ICs( concentration
was determined by plotting a graph of percentage vi-
ability against drug concentration.

Spheroid chemotherapy resistance assay

After 10 days of spheroid culture, the MCSs and
SCDSs were retrieved and recultured in Matrigel ™
(Corning, USA) at a 50:50 ratio of media:Matrigel
for cisplatin treatment. Spheroids were embedded in
Matrigel™ (Corning, USA) to ensure immobiliza-
tion of spheroids. Initially, spheroids were harvested
from the MCS and SCDS culture methods and added
to the newly prepared media:Matrigel mixture. Fif-
teen microliters of the media:Matrigel mixture was
then pipetted on a 24-well plate to form a dome-
shaped droplet, with 2 domes per well, and kept in a
37°C incubator for 30 minutes for the Matrigel ™ to
solidify. Then, 500 ul of spheroid media was added
to the well and cultured for 2 days to ensure that
spheroids were able to survive in the new environ-
ment. After 2 days of culture, the spheroid media
was replenished with new spheroid media contain-
ing the ICs( dose of cisplatin. The ICs( dose of cis-
platin for 5637 was 1.1 um and 2.75 um for HT-
1376 (ICso dose obtained by MTT assay of parental
adherent monolayer cells of both cell lines that were
treated for 48 hours with cisplatin). Spheroids were
treated for 48 hours with an ICsgy dose of cisplatin.
Spheroid morphology and diameter pretreatment and
posttreatment were captured and recorded.

Statistical Analysis

Statistical analysis was performed using GraphPad
Prism 9 version 9.4 (GraphPad Software, California,
USA). The results obtained were tested using one-
way ANOVA or t-test analysis to assess the statistical
significance of differences between the control group
and experimental groups. Differences were consid-
ered statistically significant when p < 0.05, whereas p
< 0.0001 was considered highly significant.

RESULTS

Multicellular Spheroid (MCS) and Single
Cell-Derived Spheroid (SCDS) culture of
5637 and HT-1376 cells

5637 and HT-1376 cells were tested for their capabil-
ity to generate and maintain a 3D spheroid structure
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Figure 3: Flow cytometry analysis of 5637 and HT-1376 Parental, MCS and SCDS CSC Surface Markers
(CD133/CD24, CD24/CD44, CD44/CD133) expression. (A) Bar chart and dot plot of 5637 Parental, MCS and
SCDS CSC Surface Markers (CD133/CD24, CD24/CD44, CD44/CD133) expression. (B) Bar chart and dot plot of
HT-1376 Parental, MCS and SCDS CSC Surface Markers (CD133/CD24, CD24/CD44, CD44/CD133) expression. The
bars are represented as mean +SD (n = 3). Statistical significance was measured with the two-way ANOVA. *p <
0.05, **p < 0.005, ***p < 0.0005, ****p < 0.0001, ns = not significant. Abbreviations: CSC: Cancer stem cell, MCS:
Multicellular Spheroid, SCDS: Single Cell-Derived Spheroid

using Matrigel™ as a scaffold/matrix for SCDS and
Ultra-Low Attachment Plate for culture without scaf-
fold/matrix for the MCS. Both cell lines were able to
form spheroids of different morphologies according
to the culture method used.

According to Kenny et al. (2007), spheroids can be
classified into four different morphological groups:
round, mass, grape-like and stellate. For the 5637 cell
line, in the MCS culture, the cells formed a grape-like
cluster with loose aggregation and poor cell—cell ad-
hesion, resulting in a spheroid structure that was eas-
ily dissociated but tended to aggregate with neighbor-
ing spheroids. In the SCDS culture, 5637 cells formed
a round sphere with a smooth border and very robust
cell-cell adhesion (Figure 2 A). However, for the HT-
1376 cell line, in both MCS and SCDS culture, the cells
formed a spheroid mass with an irregular border with
strong cell—-cell adhesion (Figure 2 A).

In terms of spheroid size, the spheroid size for MCSs
(both 5637 and HT-1376) was larger than that for
SCDSs (both 5637 and HT-1376) at all time points

(day 2, day 5, day 7 and day 10). The initial mean
spheroid diameters for the MCS were 122.02 um
(5637) and 120.94 um (HT-1376), while the initial
mean spheroid diameters for the SCDS were 26.68 um
(5637) and 25.52 um (HT-1376) (Figure 2B). On day
10 of culture, the mean spheroid diameter for MCS
was 454.42 pm (5637) and 239.54 um (HT-1376),
while the mean spheroid diameter for SCDS was 79.77
um (5637) and 74.13 (HT-1376) (Figure 2 B). Both
MCS and SCDS for 5637 and HT-1376 cells showed
significant (p < 0.001 and p < 0.0001, respectively) in-
creases in spheroid diameter when comparing the ini-
tial (day 2) to the endpoint (day 10) spheroid diame-
ter.

CSC marker expression in the MCS and
SCDS of 5637 and HT-1376 cells

The expression of CSC markers in the MCS and SCDS
in 5637 and HT-1376 cells was determined using flow
cytometry. Higher expression of all CSC marker com-
binations, CD24 and CD44, CD44 and CD133, and

5816
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Figure 4: qRT-PCR analysis of 5637 and HT-1376 Parental, MCS and SCDS pluripotent genes (SOX2, NANOG,
POUS5F1) expression. (A) Bar chart of 5637 Parental, MCS and SCDS relative fold gene expression of pluripotent
genes (SOX2, NANOG, POU5F1) by qRT-PCR. (B) Bar chart of HT-1376 Parental, MCS and SCDS relative fold gene
expression of pluripotent genes (SOX2, NANOG, POU5F1) by qRT-PCR. The bars are represented as mean +SD (n =
3). Statistical significance was measured with the two-way ANOVA. *p < 0.05, **p < 0.005, ***p < 0.0005, ****p <
0.0001, ns = not significant. Abbreviations: MCS: Multicellular Spheroid, SCDS: Single Cell-Derived Spheroid
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CD133 and CD24, was found in the MCS and SCDS
of 5637 and HT-1376 cells compared to parental cells.

was 69.67%, the CD44TCD133™" coexpression was
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Figure 5: Adipogenesis differentiation of parental cells of 5637 and HT-1376, MCS and SCDS of 5637 and
HT-1376, and UC-MSC. (A) Oil Red-O staining of parental cells of 5637 and HT-1376, MCS and SCDS of 5637 and
HT-1376, and UC-MSC taken at x20 magnification. (B) Table showing mean adipogenesis differentiation colour
intensity (%) + standard error of 5637 and HT-1376 parental, MCS and SCDS. (C) Bar chart showing comparison in
mean adipogenesis differentiation colour intensity (%) + standard error of 5637 and HT-1376 parental, MCS and
SCDS. Abbreviations: ICsj: Inhibitory Concentration 50%, MCS: Multicellular Spheroid, UC-MSC: Umbilical cord
derived mesenchymal stem cells, SCDS: Single Cell-Derived Spheroid

Pluripotency gene expression in the MCS
and SCDS of 5637 and HT-1376 cells

The CD24"CD44" coexpression in the 5637 MCS Following the increase in the coexpression of CSC-

related markers when investigated by flow cytom-
0.32%, and the CD1337CD24" coexpression was

0.73%. The SCDS for 5637 cells showed 80.2%
CD24"CD44™" coexpression, 0.28% CD44+*CD133+
coexpression and 0.19% CD1337CD24" coexpres-

sion (Figure 3 A).

The HT-1376 MCS had CD24"CD44™" coexpression
of 1.38%, CD44CD133" coexpression of 2.71% and
CD1337CD24™" coexpression of 1.23%. The SCDS
for HT-1376 cells showed CD247CD44™" coexpres-
sion of 1.59%, CD44+CD133" coexpression of 5.52%
and CD1331CD24" coexpression of 1.46% (Figure 3

B).

etry analysis, further investigation was performed
on the RNA collected from MCSs and SCDSs of
both cell lines to determine the expression of stem
cell transcription factors such as SOX2, NANOG
and POU5F1. Analysis was performed using the
qRT-PCR method, and the relative expression of the
genes in MCS and SCDS of both cell lines was com-
pared with the expression of the genes in the parental
monolayer adherent cells of each cell line. The ex-
pression of SOX2, NANOG and POUSFI in both the
MCS and SCDS of both cell lines was upregulated at
the transcriptional level (Figure 4).
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Figure 6: Osteogenesis differentiation of parental cells of 5637 and HT-1376, MCS and SCDS of 5637 and
HT-1376, and UC-MSC. (A) Alizarin Red staining of parental cells of 5637 and HT-1376, MCS and SCDS of 5637 and
HT-1376, and UC-MSC taken at x10 magpnification. (B) Table showing mean osteogenesis differentiation colour
intensity (%) + SD of 5637 and HT-1376 parental, MCS and SCDS. (C) Bar chart showing comparison in mean os-
teogenesis differentiation colour intensity (%) + SD of 5637 and HT-1376 parental, MCS and SCDS. Abbreviations:
1C5: Inhibitory Concentration 50%, MCS: Multicellular Spheroid, UC-MSC: Umbilical cord derived mesenchymal

stem cells, SCDS: Single Cell-Derived Spheroid

Both MCS and SCDS of 5637 cells showed upregu-
lation of the pluripotent genes SOX2, NANOG and
POUS5FI compared to parental cells. For SOX2, the
relative fold gene expression was 6.73 in 5637 MCS
cells and 17.02 in 5637 SCDS cells (p > 0.05 and p <
0.01, respectively). NANOG relative fold gene expres-
sion for 5637 MCS and SCDS was 3.19 and 7.01 (p <
0.001 and p < 0.0001), while for POU5F1, 5637 MCS
and SCDS relative fold gene expression was 3.56 and
6.35 (p < 0.001 and p < 0.0001) (Figure 4 A).

In HT-1376 cells, both the MCS and SCDS of HT-
1376 cells showed upregulation of all 3 pluripotent
genes compared to parental cells. The SOX2 rela-
tive fold gene expression was 74.03 in HT-1376 MCS
cells and 92.84 in HT-1376 SCDS cells (p < 0.0001).
NANOG relative fold gene expression for HT-1376
MCS and SCDS was 20.68 and 28.84 (p < 0.0001),
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while for POU5F1, HT-1376 MCS and SCDS relative
fold gene expression were 70.35 and 71.18 (p < 0.0001)
(Figure 4 B).

Osteogenic and adipogenic differentiation
capabilities of the MCS and SCDS of 5637
and HT-1376 cells

Osteogenic and adipogenic differentiation culture
was performed on the MCS and SCDS of 5637 and
HT-1376 cells to investigate the lineage differentiation
capability of cancer stem cells. Following culture, the
cells were stained to visualize lipid droplets and cal-
cium deposition (Figure 5A and Figure 6 A). Image]
was used to evaluate the percentage area of differenti-

ated cells.
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Figure 7: qRT-PCR analysis of 5637 and HT-1376 Parental, MCS and SCDS ABCG2 drug resistant gene expres-
sion. (A) Bar chart of 5637 Parental, MCS and SCDS relative fold gene expression of ABCG2 drug resistant gene by
gRT-PCR. (B) Bar chart of HT-1376 Parental, MCS and SCDS relative fold gene expression of ABCG2 drug resistant
gene by qRT-PCR. The bars are represented as mean +SD (n = 3). Statistical significance was measured with the
two-way ANOVA. *p < 0.05, **p < 0.005, ***p < 0.0005, ****p < 0.0001, ns = not significant. Abbreviations: MCS:
Multicellular Spheroid, SCDS: Single Cell-Derived Spheroid

In adipogenic differentiation, 5637 MCS and SCDS
showed a lower percentage of differentiation (5.97%
=+ 1.93 and 5.36% = 0.74, respectively) when com-
pared to the parental monolayer adherent cells (6.01%
=+ 0.59) (p > 0.05). However, HT-1376 MCSs showed
a lower percentage of differentiation, 7.52% =+ 2.32
(p > 0.05), while SCDS were higher, 9.17% + 4.57
(p > 0.05), compared to parental cells (8.17% =+ 3.15
(Figure 5 B and C)).

In osteogenic differentiation, the MCSs and SCDSs of
both 5637 and HT-1376 cells showed a higher per-
centage of differentiation (26.09% + 5.70, 21.74% +
4.64, 50.11% + 12.80, and 41.04% + 13.43, respec-
tively) than the parental cells (19.80% + 2.62 and
36.13% + 8.84, respectively) (p > 0.05) (Figure 6 B and
O).

ABCG2 drug resistance gene expression in
the MCS and SCDS of 5637 and HT-1376
cells

To analyze the drug resistance capability of the MCS
and SCDS of both 5637 and HT-1376 cells at the
molecular level, the gene expression of ABCG2 was
analyzed using quantitative QRT-PCR, and the rela-
tive expression of genes in MCS and SCDS of both
cell lines was compared to the expression of genes in
parental monolayer adherent cells of each cell line.

In the 5637 cell line, MCS cells showed lower expres-
sion (0.79-fold change) of ABCG2 than 5637 parental
monolayer adherent cells (p > 0.05), whereas in 5637
SCDS cells, the expression of the ABCG2 drug efflux
gene was significantly higher (9.36-fold change) than
that in 5637 MCS (0.79-fold change) and parental
monolayer adherent cells (p < 0.0001) (Figure 7 A).
In the HT-1376 cell line, MCS showed upregulation
(1.18-fold change) of ABCG2 gene expression when
compared with the HT-1376 parental monolayer ad-
herent cells (p < 0.05) and SCDS (p < 0.0001), as
SCDS showed downregulation (0.26-fold change) of
ABCG2 drug efflux gene expression when compared
with both parental monolayer adherent cells and MCS
(1.18-fold change) (p < 0.0001) (Figure 7 B).

Cell viability assay and cisplatin inhibitory
concentration 50 (IC5()

To assess the cell viability and ICsq of cisplatin for
5637 and HT-1376 cell lines, the parental cells of both
cell lines were treated with cisplatin for 48 and 72
hours, respectively.

The ICsq values for the 5637 cell line were 1.1 uM
for 48 hours of cisplatin treatment and 3.95 uM for
72 hours of cisplatin treatment (Figure 8 A). For the
HT-1376 cell line, the ICs values for 48 hours and 72
hours of cisplatin treatment were 2.75 uM and 7 uM,
respectively (Figure 8 B).
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Figure 8: Cell viability assay and cisplatin inhibitory concentration 50 (ICs)) of 5637 and HT-1376 parental
cells. (A) Line chart of 5637 parental cell line after 48 and 72 hours of cisplatin treatment. (B) Line chart of HT-1376
parental cell line after 48 and 72 hours of cisplatin treatment. Abbreviations: IC50: Inhibitory Concentration 50%

Spheroid chemotherapy resistance assay

The chemotherapy resistance capability of MCS and
SCDS of both 5637 and HT-1376 was evaluated by
treating the spheroid with the ICso dose of cisplatin
for 48 hours.

In the 5637 cell line, MCS showed a 13.52% reduc-
tion in spheroid diameter from 126.96 um =+ 46.88 to
109.79 um = 40.60 (p > 0.05), while in SCDS, there
was a 28.36% increase in spheroid diameter post cis-
platin treatment, from 113.28 um + 29.52 to 158.11
um £ 41.12 (p < 0.0001) (Figure 9 B).

In the HT-1376 cell line, MCS showed an 18.62% re-
duction in mean spheroid diameter from 205.64 um
=+ 85.19 to 167.35 um =+ 55.32 (p < 0.05), whereas in
SCDS, there was a trend of a small increase (0.2%)
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in mean spheroid diameter after cisplatin treatment,
from 128.77 pum =+ 34.64 to 129.05 um =+ 34.74 (p >
0.05), but the changes were not significant (Figure 9
B).

DISCUSSION

Stem cells possess remarkable characteristics, in-
cluding their ability to undergo self-renewal, gener-
ate daughter cells while preserving their stemness,
and differentiate into various cell lineages and re-
vert back to a stem-like state through dedifferentia-
tion*!, These cells play a vital role in the develop-
ment and maintenance of organs and tissues, con-
tributing to growth and facilitating tissue repair fol-
lowing injury. Similarly, in the context of cancer,
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5822



Biomedical Research and Therapy 2023, 10(8):5810-5830

there exists a population of cells known as cancer stem
cells or tumor-initiating cells, which are responsible
for sustaining tumor survival and facilitating recov-
ery. In essence, the tumor itself can be viewed as
an independent organ or tissue, regardless of its ori-
gin*?. This concept of stem-like cells within a tu-
mor raises the possibility that cancer may arise not
only from clonal evolution resulting from mutations
but also from a single cell possessing unlimited self-
renewal capability and plasticity. In their quest for
survival and proliferation, these stem-like cells em-
ploy various mechanisms. For instance, they undergo
epithelial-mesenchymal transition (EMT) to facilitate
They
also exhibit tumorigenicity, contributing to the ref-

metastasis to neighboring tissues or organs.

ormation of the tumor bulk. Additionally, they de-
velop drug resistance through mechanisms such as
entering a quiescent state, repairing DNA damage
to avoid apoptosis, or employing drug efflux pumps
such as the ATP-binding cassette (ABC) transporter
P-glycoprotein. These mechanisms are regulated by
feedback control systems involving interactions with
neighboring cells in the tumor bulk (paracrine signal-
ing) or self-stimulation (autocrine signaling). These
interactions subsequently promote the expansion of
stem-like cell populations through asymmetrical cel-
lular division. Based on this hypothesis, the enrich-
ment of stem-like cells or CSCs may be achievable
through the generation of three-dimensional (3D) cell
structures, such as spheroids.

In this investigation, we successfully generated 3D
The
first approach involved aggregating multiple cells to

spheroids using two different approaches.

mimic the aggregation and structure observed in vivo.
The second approach focused on deriving spheroids
from single cancer stem cells and progenitor cells,
capitalizing on their self-renewal capabilities. To en-
sure the optimal growth and survival of the spheroids,
we conducted experiments comparing different sup-
plements and various concentrations of FBS. Based on
our results (not shown), we determined that a com-
bination of 1% B27 supplement, 20 ng/ml basic fi-
broblast growth factor (bFGF), 20 ng/ml EGF, and 4
ug/ml insulin was the minimal supplementation re-
quired for the growth and viability of our spheroids.
Following the culture period with the aforementioned
supplement, both the 5637 and HT-1376 cell lines suc-
cessfully formed spheroids displaying distinct mor-
phological structures. The 5637 spheroids appeared
as grape-like clusters of cells with medium to lose cell-
to-cell adhesion. In contrast, the HT-1376 spheroids
formed compact masses of cells with tight cell-to-cell
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adhesion. These observations are consistent with pre-
vious studies 4344,

The morphology of the formed spheroids, whether
characterized by loose aggregation or a tightly clus-
tered sphere, is determined by the cells’ ability to
produce specific proteins involved in cell adhesion,
such as tight junction protein ZO-1 and cellular ad-
hesion protein E-cadherin®>®, These proteins play
significant roles in EMT, cell migration, and inva-
sion, as the loss of ZO-1 and E-cadherin is associ-
ated with increased EMT and invasiveness, particu-
larly in higher-grade tumors#’4%. Similar findings
have been observed in bladder cancer, where reduced
levels of E-cadherin are found in higher-grade and
highly metastatic bladder cancers, while higher levels
are detected in low-grade bladder cancer and normal
urothelial tissue>->2. Our results indicate that the
grape-like cluster morphology observed in the 5637
spheroids, characterized by loose aggregation, could
suggest a lower expression of ZO-1 and E-cadherin
compared to the HT-1376 spheroids, which formed
tightly clustered masses with strong cell-cell adhe-
sion. It is worth noting that the 5637 cell line orig-
inates from grade 2 carcinoma, while the HT-1376
cell line originates from grade 3 carcinoma. The 5637
cells exhibit less differentiation and possess a basal
cell morphology, whereas the HT-1376 cells are pre-
dominantly differentiated and resemble an umbrella
cell morphology. This distinction may explain the
stronger cell-cell adhesion observed in the HT-1376
spheroids compared to the 5637 spheroids.
Enrichment of CSCs from cancer cell lines was
successfully achieved by either multicellular tumor

spheroid formation 103153
11,31,54-56

or single-cell-derived tu-
mor spheroids in various solid tumors. To
study the stemness and enrichment of stem-like cells
in both cell lines, we analyzed the pluripotent tran-
scription factors SOX2, NANOG, and POUS5FI in cells
derived from the MCSs and SCDSs. These pluripo-
tent transcription factors are also known to contribute
to somatic cell reprogramming into an ESC-like state,
called induced pluripotent stem cells>”>>%. Pluripo-
tent transcription factors are important in sustaining
a pluripotency state, with all 3 markers interacting
and regulating one another, and are controlled by the
MAPK/Wnt signaling pathway and repressed by the
SMAD signaling pathway>8. The downregulation of
one of these markers results in a causal determina-
tion of the end lineage of the cell, either mesodermal
(ME) or neuroectodermal. In the neuroectodermal
lineage, overexpression of SOX2 is maintained, with
repression of the POU5F]I gene, while in the mesoder-
mal lineage, the opposite expression can be seen, with

overexpression of POU5FI and repression of SOX278,
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Signals to induce differentiation in stem cells are
mediated by multiple regulatory mechanisms. Os-
teogenic differentiation, for example, is mediated by
several pathways, such as the Wnt/f-catenin, TGF-
B, FGE Hedgehog, and Notch pathways, while in
adipogenic differentiation, the IGF-1, MAPK, gluco-
corticoid, cAMP and BMP signaling pathways pro-
mote adipogenesis. The three key transcription fac-
tors POU5F1, NANOG, and SOX2 serve as differentia-
tion repressors in the aforementioned signaling path-

ways 59-62

. Considering the important role of these
transcription factors in stemness, MCS and SCDS
were analyzed for the expression of these genes. Un-
surprisingly, upregulation of all 3 genes, POU5FI,
NANOG and SOX2, was detected in qRT-PCR analy-
sis of MCS and SCDS of both cell lines compared with
parental monolayer adherent cells of the respective
cell lines. However, the QqRT-PCR obtained contra-
dicted the study performed by Ferreira-Teixeira et al.,
201543, where their HT-1376 spheroid only showed
upregulation of SOX2 gene expression and no changes
toward the expression level of POU5F1 & NANOG
when compared to parental cells. The result from
Ferreira-Teixeira et al., 201543, isalso in disagreement
with the result obtained by Atlasi et al., 2007 63 where
they observed a high level of POU5FI in bladder can-
cer. Amini et al., 2014%%, observed an upregulation
in the expression of all 3 pluripotent genes, POU5FI,
NANOG and SOX2, in bladder cancer cell lines, sim-
ilar to our results.

The results obtained demonstrate a relative enrich-
ment of CSCs in both spheroid culture methods em-
ployed for both cell lines when comparing them to
the parental monolayer adherent cells. It is impor-
tant to note that while the fold change of pluripotent
genes was substantially higher in HT-1376 MCS and
SCDS compared to 5637 MCS and SCDS, this does
not imply a higher enrichment of CSCs in the HT-
1376 cell line relative to the 5637 cell line. The fold
change serves as a relative comparison to the respec-
tive parental monolayer adherent cells, rather than
a direct quantitative measurement of the pluripotent
transcription factors.

Potency refers to the capability of the cell to give
rise and differentiate into a specialized cell lineage*!.
Pluripotent cells are able to transform into various
types of adult cells when maintained in the presence
of various growth factors®. Unlike embryonic stem
cells that are totipotent or pluripotent, adult stem cells
and cancer stem cells are multipotent and only able
to give rise to a limited adult cell lineage that falls
in the same germ layer category to which they be-
long. To prove the existence of bladder cancer stem

cells and whether enrichment of the cancer stem cells
was achieved, differentiation into adipogenic and os-
teogenic lineages was performed, as these cell lineages
belong to the same mesodermal germ layer as the uri-
nary bladder epithelial cells. Following the differenti-
ation culture assay, both 5637 and HT-1376 parental,
MCS and SCDS cells showed differentiation capa-
bilities for both lineages; however, 5637 MCS, 5637
SCDS, and HT-1376 MCS cells showed lower adi-
pogenic differentiation (p > 0.05) than the respective
parental cells, and only HT-1376 SCDS cells showed
higher adipogenic differentiation (p < 0.05) than the
parental HT1376 cell line. In osteogenic differentia-
tion, the MCS and SCDS of both 5637 and HT-1376
cells showed higher differentiation (p > 0.05) when
compared to the respective parental cell lines. This
shows that the presence of stem-like cells as differen-
tiation into both lineages was successfully achieved.
In bladder cancer, CSCs arise from the basal layer of
the epithelium, and studies on bladder cancer stem
cells, either isolated or enriched, are often postulated
by the presence of basal cell surface markers. Sur-
face markers such as CD24, CD44, CD49f, CD133
and KRT14 are often used as cancer stem cell mark-
ers, as these are also markers for bladder urothelium
basal cells. While the expression and upregulation of
one marker might not be a strong consideration to
conclude the presence of CSCs, as these markers are
not cancer stem cell exclusive, and there is no con-
sensus on the “best markers” or “specific markers”
for CSCs, coexpression and coupregulation of these
markers could narrow down the percentage of the true
cancer stem cell population. Our findings highlight
an increase in the coexpression of CD24 and CD44,
CD44 and CD133, and CD133 and CD24 in our en-
tire spheroid samples, indicating a higher number of
CSCs due to enrichment of the cell population in both
MCSs and SCDSs when compared with cells grown
in monolayer culture. This showed that when cells
were cultured in the 3D culture method with the ad-
dition of growth factors, supplements and minimal
serum, the spheroids expressed higher CSC markers,
and CSCs were successfully enriched, regardless of
whether the spheroid was derived from single cells or
formed by forced aggregation of cells.

CD44 is one of the surface markers that has been as-
sociated with stem cell characteristics in both normal
urothelium and bladder cancer. CD44™" cells are as-
sociated with high-grade and high-stage bladder can-
cer by promoting tumor progression, invasion, metas-
tasis and initiation of epithelial-mesenchymal transi-
tion %69 Chan et al., 200979, found that the CD44*
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subpopulation of cells has up to 200 times higher tu-
morigenicity than the CD44~ subpopulation when
transplanted into nude mice. CD44" samples were
also associated with the worst prognosis in patients
with low survival and a high recurrence rate 8.
CD24 is also a surface marker that has been used as
a stemness marker in various cancers. CD24 works
by binding to P-selectin, an adhesion receptor on ac-
tivated endothelial cells and platelets, indicating that
the protein actually increases the ability of cancer cells
to metastasize throughout the body’!~73. In blad-
der cancer, Ooki et al., 201874 associated the pres-
ence of CD24% cells with CSCs, as they observed a
reduction in stem cell traits such as sphere-forming
capability, self-renewal capability, invasiveness, anti-
apoptotic ability and in vivo tumorigenicity following
knockdown of CD24.

Another surface marker, CD133, appears to be linked
to the epithelial-mesenchymal transition and the
WNT signaling pathway, implicating it directly in cell
proliferation”>. CD133 has also been found to corre-
late with hypoxic conditions, where it will play a re-
ciprocal role in preventing hypoxia in tumors by pro-
moting angiogenesis, cell proliferation and cell migra-
tion’%. In bladder cancer, the expression of CD133
was highly expressed in higher grade, metastatic and
aggressive tumor behavior 77’8, Huang et al., 20137°
observed higher tumorigenicity and cisplatin and
BCG resistance in the CD133" subpopulation of J82
cells than in the CD133~ subpopulation.

The enrichment of the CSC population was con-
firmed by the upregulation of CSC surface markers
and pluripotent transcription gene expression in both
MCS and SCDS cultures of the 5637 and HT-1376 cell
lines. However, it is essential to investigate whether
CSC enrichment correlates with other CSC character-
istics, such as drug resistance, and whether CSC en-
richment leads to the development of chemotherapy-
resistant tumor bulk. Regarding drug resistance, only
the 5637 SCDS cells exhibited a significant increase
in cisplatin resistance and upregulation of ABCG2,
a drug efflux gene. In the spheroid chemotherapy
resistance assay, where spheroids were treated with
the ICso dose of cisplatin, the 5637 MCS, HT-1376
MCS, and HT-1376 SCDS showed either a decrease in
spheroid diameter or no significant change following
treatment. However, the 5637 SCDS displayed signif-
icant resistance to cisplatin treatment, as evidenced by
an increase in spheroid diameter even after drug ex-
posure. It is important to note that the expression of
ABCG2 can be dependent on the specific cell line and
clonal variation, as not all cells within the same cell
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line express the ABCG2 gene and protein. This is ev-
ident in the 5637 cell line, where the 5637 SCDS, de-
rived from a single cell with self-renewal capability,
may express the ABCG2 gene, resulting in progeny
with similar gene expression. In contrast, the 5637
MCSs, formed by the forced aggregation of multi-
ple cells to generate spheroids, showed no significant
change in ABCG2 gene expression. This difference
may be attributed to the cells originating from various
clones, with some expressing the ABCG2 gene and
others lacking its expression. Therefore, while both
the MCS and SCDS methods effectively enriched the
CSC population in the 5637 and HT-1376 cell lines,
the observed drug resistance and ABCG2 expression
were specific to the 5637 SCDS cells. The presence of
ABCG?2 expression may be influenced by cell line and
clonal factors, with single cell-derived spheroids po-
tentially containing cells expressing the ABCG2 gene.
The formation of a tumor bulk in the 5637 MCSs
resulted in a slower cell proliferation rate. Con-
sequently, the proliferation of cells expressing the
ABCG2 gene was also lower than that of 5637 SCDS
In the case of 5637 SCDS, the tumor bulk
originated from a single cell, allowing for a higher

cells.

cell proliferation rate during the logarithmic phase
of spheroid growth. This also led to a higher pro-
liferation of cells expressing the ABCG2 gene. This
difference is evident when examining the growth of
spheroid diameter from day 2 to day 10. In the 5637
MCSs, the diameter growth was less significant than
that in the 5637 SCDS when comparing the growth
from one time point to the next. It is worth not-
ing that the observed increase in spheroid diameter
in the 5637 MCSs could be attributed to the aggre-
gation of adjacent cells and spheroids in the culture.
In HT-1376 MCS, although there was an increase in
ABCG?2 gene expression, the spheroid diameter ex-
hibited a reduction when treated with the IC5q dose
of cisplatin. This observation may be attributed to the
fact that the outer layer of the spheroid predominantly
consists of cells that do not possess cancer stem cell
(CSC) traits, such as drug resistance. Furthermore,
the slower growth rate of cells in HT-1376 MCSs, as
evidenced by spheroid growth from day 2 to day 10,
could contribute to the decrease in spheroid diameter
after cisplatin treatment.

CONCLUSIONS

Both the SCDS and MCS methods employed in this
study have distinct principles for spheroid develop-

ment. SCDS relies on the self-renewal capability
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of cells to grow in a 3D environment from a sin-
gle cell, while MCS is based on the cellular orga-
nization to mimic the structure of an in vivo tu-
mor. Both methods successfully enriched the popu-
lation of CSCs based on spheroid formation, enrich-
ment of CSC surface markers, pluripotent gene ex-
pression, and differentiation potential of cells derived
from the spheroids. Comparing the two methods,
SCDS demonstrated several advantages. It yielded a
higher number of spheroids per well of culture, and
the spheroids showed more uniform sizes since ag-
gregation between spheroids was prevented by using a
culture scaffold such as MatrigelTM. Moreover, SCDS
resulted in higher expression levels of CSC surface
markers and pluripotent genes than the MCS method.
However, it is important to note that while 3D culture
organization was effective in enriching the CSC pop-
ulation, it does not necessarily reflect the chemore-
sistant potential of the cells. Other factors also con-
tribute to the overall survivability of the cells.

In conclusion, our study demonstrates that cultur-
ing cells in a 3D structure successfully enriched the
population of bladder CSCs within a relatively short
timeframe. The increased number of cells coexpress-
ing CD24, CD44, and CD133 surface markers as-
sociated with bladder CSCs, along with the upregu-
lation of transcription factors involved in stemness
maintenance, supports the efficacy of 3D culture in
enriching CSC populations. However, it is impor-
tant to note that there were variations and discrepan-
cies observed in the association between 3D culture,
CSCs, and drug resistance. These findings highlight
the potential of these techniques for the enrichment
of cells expressing CSC markers, which could be in-
strumental in addressing specific therapeutic objec-
tives. We propose the utilization of these methods for
comprehensive studies on CSCs, encompassing phe-
notypic, genotypic, and personalized therapeutic in-
vestigations.

ABBREVIATIONS

3D: Three Dimensional, ABCB5: ATP-binding
cassette sub-family B member 5, ABCG2: ATP-
binding cassette super-family G member 2, AC:
ALDH: Aldehyde Dehydro-
genase, AML: Acute Myeloid Leukaemia, Anti-
PD-1: Anti-Programmed Death 1, Anti-PD-L1:
Anti-Programmed Death-Ligand 1, APC: Allo-
phycocyanin, BC: Bladder Cancer, BCG: Bacillus
Calmette-Guerin, BCL-2:  B-cell lymphoma 2,
bFGF: Basic Fibroblast Growth Factor, CD133:
Cluster of Differentiation 133, CD24: Cluster of

Adenocarcinoma,

Differentiation 24, CD44: Cluster of Differen-
tiation 44, CDKN2A: Cyclin-Dependent Kinase
Inhibitor 2A, Cis: Cisplatin, cMOAT: canalicular
Multispecific Organic Anion Transporter, c-Myc:
cellular-Myelocytomatosis, COX: Cytochrome C
Oxidase, CSC: Cancer Stem Cell, CT: Computer-
ized Tomography, DMEM: Dulbeccos Modified
Eagle Medium, DMSO: Dimethylsufoxide, DNA:
Deoxyribonucleic Acid, EDTA: Ethylenediaminete-
traacetic Acid, EGF: Epidermal Growth Factor, EMT:
Epithelial-Mesenchymal Transition, ERBB2: Erb-B2
Receptor Tyrosine Kinase 2, ERBB3: Erb-B2 Recep-
tor Tyrosine Kinase 3, ERCC1: Excision Repair Cross
Complementation Group 1, FACS: Fluorescence
Activated Cell Sorting, FBS: Fetal Bovine Serum,
FGFR3: Fibroblast Growth Factor Receptor 3, FITC:
Fluorescein Isothiocyanate, FOXA1: Forkhead box
protein Al, GAPDH: Glyceraldehyde 3-Phosphate
Dehydrogenase, GATA3: GATA Binding Protein 3,
GC: Gemcitabine and Cisplatin, Gem: Gemcitabine,
H3K27: Histone H3 Lysine 27, H3K4: Histone H3
Lysine 4, hCtrl: High Affinity Copper Transporter
Protein 1, Her2: Human Epidermal Growth Factor
Receptor 2, Hh: Hedgehog, HIF-1:
Inducible Factor-1, HIF-lo: Hypoxia-Inducible
Factor 1-Alpha, HRAS: GTPase Hras, IC: Inhibitory
Concentration, IGE-1: Insulin-Like Growth Factor 1,
IGEF-2: Insulin-Like Growth Factor 2, IL: Interleukin,
Kif4: Krueppel-Like Factor 4, KRT14: Keratin 14,
KRT20: Keratin 20, KRT5: Keratin 5, KRT6: Keratin
6, MACS: Magnetic Activated Cell Sorting, MCS:
Multicellular Spheroid, MCTS: Multicellular Tumour
Spheroid, MDR1: Multidrug Resistance 1, MET:
Mesenchymal-Epithelial Transition, MIBC: Muscle
Invasive Bladder Carcinoma, MRI: Magnetic Reso-

Hypoxia-

nance Imaging, MRP2: Multispecific Organic Anion
Transporter 2, MTT: 2,5-Diphenyl-2H-Tetrazolium
Bromide, MVAC: Methotrexate, Vinblastine,
Adriamycin, And Cisplatin, NAC: Neoadjuvant
Chemotherapy, NANOG: Nanog homeobox, NER:
Nucleotide Excision Repair, NIHGC: Noninvasive
Papillary HG Urothelial Carcinoma, NILGC: Nonin-
vasive Papillary LG Urothelial Carcinoma, NMIBC:
Non-Muscle Invasive Bladder Carcinoma, Non-
TCC: Non-Transitional Cell Carcinoma, NOS: Nitric
Oxide Synthase, Notch: Neurogenic Locus Notch
Homolog, OCT4: Octamer-Binding Transcription
Factor 4, PBS: Phosphate Buffer Saline, PDGF-BB:
Platelet-Derived Growth Factor BB, PDKI1: Pyru-
vate Dehydrogenase Kinase 1, PE: Phycoerythrin,
Penstrep: Penicillin-Streptomycin, PIGF: Placental
Growth Factor, POU5F1: POU Class 5 Homeobox 1,
PPARG: Peroxisome Proliferator Activated Receptor
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Gamma, PUNLMP: Papillary Urothelial Neoplasm
Of Low Malignant Potential, RB1: Retinoblastoma
1, RC: Radical Cystectomy, RNA: Ribonucleic Acid,
ROS: Reactive Oxygen Species, RPM: Revolutions
Per Minute, RPMI-1640: Rosewell Park Memorial
Institute 1640, SCC: Squamous Cell Carcinoma,
SCDS: Single Cell-Derived Spheroid, SCID: Severe
Combined Immune-Deficient, SOX2: SRY (Sex
Determining Region Y)-Box 2, SP: Side Population,
TCA: Tricarboxylic Cycle, TCC: Transitional Cell
Carcinoma, TERT: Telomerase Reverse Transcrip-
tase, TGF: Transforming Growth Factor, TNEF:
Tumor Necrosis Factor, TP53: Tumor Protein
53, TURBT: Trans-Urethral Resection Of Bladder
Tumor, UC: Urothelial Carcinoma, Ucs: Undif-
ferentiated Carcinomas, UV: Ultraviolet, VEGF:
Vascular Endothelial Growth Factor, WHO: World
Health Organization, Wnt: Wingless and Int-1, XPC:
Xeroderma Pigmentosum Complementation Group
C.
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