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A cancer mass is composed of a heterogeneous group of cells, a small part of which constitutes the cancer stem
cells since they are less differentiated and have a high capacity to develop cancer. Versican is an extracellular
matrix protein located in many human tissues. The mRNA of versican has been shown to have “splicing patterns”
as detected by RT-PCR, northern blot analysis, and cDNA sequencing. Based on this knowledge this study aims to
reveal the splice variants of versican molecules, which are thought to be involved in the pathogenesis of the DU-
145 human prostatic carcinoma cell line and prostatic cancer stem cells isolated from this cell line. In this study,
RWPE-1 normal prostatic and DU-145 human prostate cancer cell lines have been used. Prostatic cancer stem
cells and the remaining group of non-prostatic-cancer stem cells (bulk population) were isolated according to
their CD133"/CD44". RNA was isolated in all groups, and sequence analysis was accomplished for splicing
variants by Illumina NextSeq 500 sequencing system. The results were analyzed by bioinformatic evaluation. As
five isoforms of the versican gene in the differential transcript expression are analyzed, it was observed that a
significant change was only found in the isoforms Versican 0 and Versican 1. In this study, we explored the
function of this molecule which we think to be effective in cancer progression, and suggested that more valuable
results can be obtained after the accomplishment of in vivo experiments.

1. Introduction metastasis are facilitated by interactions between immune cells, fibro-

blasts, extracellular matrix, and signaling chemicals, which are con-

Prostate cancer is a common tumor in men [1]. Many reasons in-
crease the risk of prostate cancer (for example, family factors, gonor-
rhea, and smoking) [2,3], and genetic predisposition is considered to be
one of the important factors in the incidence of prostate cancer [1,4].

Cancer is the clonal expansion of cells with defective growth mech-
anisms, and it can be considered the most common and complicated
form of somatic genetic disease [5]. Cancer is now largely understood to
be a disease impacted by the tumor microenvironment, rather than justa
cell and gene expression issue. Tumor development, progression, and

stituents of the tumor microenvironment [6]. The main structure of this
environment is composed of the parenchymal and stromal growth fac-
tors, leukocytes, chemokines, inflammatory mediators, and matrix
metalloproteinase enzymes. Cancer cells and cancer stem cells (CSCs)
form a heterogeneous community in the parenchyma, while the stroma
contains an extracellular matrix. Cancers are composed of heteroge-
neous cell populations exhibiting different biological properties and
tumorigenic potential. Among these cell populations, only the mixture
of stem cells and proliferative cells can regenerate a tumor through the
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stem cell processes of self-renewal and differentiation into all cell types
within the specific tumor [7].

CSCs are cancer cells that carry characteristics alike to normal stem
cells. CSCs are identified in many cancer types, including hematological
and solid tumors. CSCs can be identified in different ways in several solid
malignancies, including clonogenicity, differentiation capacity, the
ability of spheroid formation, expression of stemness-related genes, and
the ability to produce the original tumor upon transplantation in
immunodeficient mice [8].

In cancer, the extracellular matrix (ECM) is a fundamental compo-
nent of the tumor microenvironment, and it plays an important role in
providing cell-adhesion sites. Additionally, being a reservoir for growth
factors, ECM is critical for tissue homeostasis [9]. ECM is a dynamic
three-dimensional network of extracellular molecules that provide
structural and biochemical support to surrounding cells. This structure is
composed of a variety of proteins, glycoproteins, proteoglycans, and
polysaccharides that possess different biochemical properties and the
major components are collagen, fibrin, fibronectin, proteoglycan, and
hyaluronan [10,11]. Proteoglycans, compose the central part of the ECM
and provide structure, viscosity, lubrication, and adhesiveness [12].
When the extracellular matrix is destroyed, the tumor gains the ability to
invade and metastasize.

Versican (VN), a key ingredient of the extracellular matrix, is a
chondroitin sulfate proteoglycan. VN and its 4 splice variants (isoform)
are localized in the ECM and are all associated with the other ECM
components involved in biological activities such as cell adhesion,
migration, and proliferation [13,14]. Studies that have been conducted,
have shown that VN has an important role in the regulation of the cell
phenotype [15,16]. VN expression is associated with the proliferative
cell phenotype and is frequently found in highly proliferative tumor
types as well as tissues such as the breast [17-19], brain [20], prostate
[21,22], and melanoma [23,24] during development. Furthermore, VN
expression levels in the prostate stroma are positively correlated with
progression in early prostate cancer [21,25]. In vitro studies have shown
that VN plays a vital role in cell adhesion [26], aggregation [27],
migration [28], cell proliferation [29], morphogenesis [30], and tissue
angiogenesis [28]. Although high VN expression is correlated with
cancer progression, no study shows the role of VN splice variants in
prostate cancer progression.

In our study, we aimed to determine the possible role of splice var-
iants of VN in the pathogenesis of prostate cancer stem cells. Determi-
nation of splice variants and their differential expression levels
compared to that of normal prostate cells is essential for understanding
the pathogenesis of cancer.

2. Materials & methods
2.1. Cell lines and cell culture conditions

Human prostate cancer cell line DU-145 and normal prostate cell line
RWPE-1 were purchased from the American Type Culture Collection
(ATCC; Rockville, MD, USA). RPMI-1640 medium (Biological In-
dustries) was used for the growing and maintenance of the DU-145
human prostate cancer cell line. For 500 ml sterile medium, 1 % peni-
cillin/streptomycin, 10 % fetal bovine serum (heat inactivated), 1 %
amphotericin B, and 1 % L-glutamine is added. Keratinocyte serum-free
medium (Invitrogen, 17005-075) supplemented with L-glutamine,
epithelial growth factor, and bovine pituitary extract was used to grow
and maintain the RWPE-1 human normal prostate epithelial cell line. All
cells were grown at 37°C, with 5 % CO3 in a humified incubator. Cell
lines were monitored daily in terms of viability, proliferation, and
contamination by an inverted microscope. Cells were passaged when
more than 80 % cell density was observed in the flasks.
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2.2. Fluorescence-activated cell sorting and experimental groups

DU-145 human prostate cancer cells were grown in RPMI-1640
(Lonza, BE12-167 F) medium supplemented with 1 % L-Glutamine
(Thermo Scientific, SH3003401), 10 % FBS (Biowest, S1810), 1 %
Amphotericin B (Lonza, 17-836E) and 1 % Penicillin/Streptomycin
(Thermo Scientific, SV30010), on 75 cm? sterile polystyrene cell culture
flasks (Corning). Later the cells were treated with 0.05 % Trypsin-EDTA
(Lonza) for 5 min at (37°C, with 5 % CO5) to detach off the flask surface.
Following trypsin inactivation, the mixture is centrifuged at 1000 rpm
for 5 min (Thermo SL 16 R). The supernatant was discarded, as the pellet
was resuspended in PBS. 10 pl of this sample is used for cell counting
after staining with trypan blue (Sigma Biotechnology, USA). The
remaining cells were centrifugated twice for 5 min at 300 rpm. The
supernatant was removed, and cells were incubated with CD44-FITC
(Clone B-F24, GenProbe USA) and CD133-PE (Miltenyi Biotech, UK)
for 20 min at room temperature in the dark. The prostate CSCs
expressing CD133"/CD44" surface markers and the remaining (non-
sorting) cells were separated into two tubes by fluorescence-activated
cell separation (FACS) method using a flow cytometry analyzer device
(BD influx cell sorter, USA). CD133"/CD44™" cells were collected in 5 ml
tubes that contained 2 ml of RPMI-1640 medium. To verify the stemness
characteristics, the spheroid-forming potential of prostate CSCs isolated
by FACS was assessed as reported by Tatar and her colleagues [31].
These cells were then seeded onto 25 cm? sterile polystyrene cell culture
flasks (Corning) for replication. Four experimental groups were formed
following the sorting and replication of the cells:

Group 1: RWPE-1 control cells (normal prostate cell line)

Group 2: DU-145 prostate cancer cell line

Group 3: DU-145 CD133%/CD44" CSCs (prostate cancer stem cells)
(sorted)

Group 4: DU-145 remaining cells after removal of CD133%/CD447;
non-CSCs (non-sorted)

2.3. Gene analysis

RNA isolations from 4 groups of cell types were synthesized into
cDNA and quantified using RT-PCR. These cDNAs were then sequenced
using the Illumina NextSeq 500 to a desirable coverage. The sequencing
data were analyzed in order to understand the gene expression and the
variations in the Versican gene and its isoforms. Computational methods
for gene expression quantification and differential gene expression were
performed during the analysis of the RNA-Seq data.

RNA isolation. RNA isolation was performed by RNeasy Plus Mini Kit
(Qiagen, Lot No: 148050825) as recommended by the manufacturer.
Briefly, lysis and homogenized cells were isolated from genomic DNA,
and 75 ng/pl total RNA was isolated. The RNA quality was measured
using UV absorbance unit spectra Max i3 (Molecular Devices).

Library preparation. Library preparation and sequencing were per-
formed with TruSeq Stranded RNA LT kit (Illumina, Ref: 15032612, Lot:
10037008). Briefly, 750 ng total RNA was first fragmented (isolated)
with RiboZero (Illumina Lot: 10035196), and cDNA synthesis was per-
formed in two steps (Illumina, Lot: 10035192). After the Poly-
adenylation of the three prime terminals, the RNA fragments were
attached to the adapters. The fragments that were later attached to the
adapters are PCR amplified as the kit recommends. The samples were
pooled and normalized by mixing with 10 nM Tris-HCI and Tween-20.

Library quantitation. The library was quantitated with the Kappa li-
brary quantification (Illumina, Lot: KK4824) method using a real-time
PCR device (CFX Connect, BioRad). The libraries are loaded to the
PCR machine at 20 pM with 10 pl reaction volume. The melting curves
and average Cq score = 7.20 were determined as the quality criteria. The
values that are below the required quality were eliminated.

RNA Sequencing. Triple replicas of the groups were sequenced using
Nextseq500 (Illumina) for 18 h. The clustering quality of the reads with
a minimum of 300 base pair fragments is checked using the CTE1, CTE2,
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CTA, and CTL controls that are recommended by Illumina.
2.4. Bioinformatics analysis and quality control

The raw data generated by NextSeq 500 was transformed into short
sequencing reads in Fastq format from 4 libraries from each sample
using the Bioscape (Illumina) program. The short reads that were ob-
tained from each sample were evaluated together using the quality
values of the reads via the FASTQC program (Germany). Before pro-
ceeding with the analysis of the data, the reads were controlled for the
quality values of the reads, the total number of the reads, and the lengths
of each library. During our analysis of the RNA-Seq data, there were not
significantly differentially expressed genes between the DU-145 prostate
cancer cell line and the sorted non-stem cell prostate cancer tissue. As a
result, in this study among the four groups of cells, three groups were
focused on; Group 1: control RWPE-1 (normal prostate cell line), Group
2: DU-145 CD1331/CD44" CSCs (prostate cancer stem cells), Group 3:
non-CSCs (prostate cancer non-stem cell group). Three replicates were
sequenced to provide the necessary statistical power when performing
differential gene expression analyses that compare different cell types.

2.5. Quantification of gene expressions

Following the quality control of the short high throughput RNA-Seq,
reads are mapped to the human reference sequence hg38 to quantify the
expression of the genes in the human genome. The number of the reads
that are mapped to the genes that are normalized by the library size and
the gene size is used for quantifying the expression of these genes. The
STAR method was used for performing the read alignment. The STAR
method is sensitive to the alignment of the reads that span the exon-exon
junctions where the reads are split and mapped to their appropriate
exons. The STAR alignment is performed in two phases. In phase 1, the
reads are mapped to the reference using the gene annotations from
Ensembl hg38.89 (in GFT form), and the reads that are not mapped to
the reference are split and mapped to the reference genome. In the
second phase, the novel junctions and the reference annotation are
merged, and this merged novel annotation is used for mapping the RNA-
Seq reads. In the RNA-Seq methods, the primary assumption is that the
number of reads that are mapped to a gene is proportional to the
expression of this gene. Before normalizing and quantifying the gene
expression levels, the number of reads that are mapped to all genes in the
genome was counted. The counting of the aligned reads is performed
using the htseq-count program. These counts are then used for the dif-
ferential gene expression analysis.

2.6. Differential gene expressions (statistical analysis)

The expression of the genes is quantified (described in the previous
section) as the read counts. In order to identify the outliers and the
clustering of the replicates, Principal Component Analysis (PCA) was
applied. Using the clustering of the different components of the PCA
analysis, the quality and the consistency of the RNA-Seq experiments
were checked. The differential gene expression analysis was performed
using the DESeq2 (v1.18). DESeq2 uses the read counts for identifying
the differential gene expression. The read counts were normalized using
the Variance Stabilized Normalization method in the DESeq2 package.
The variation of the gene expression with the same mean values is
assumed to be similar and fit to match a negative binomial distribution.
Based on the estimated distribution, the variation is adjusted. The
resulting normalized counts are tested for significantly differential
expression between groups using the Wald statistical test implemented
in the DESeq2 package. To ensure statistical power, three replicates for
every group were assessed. For each gene, the p-values were calculated,
and these values were corrected for the multiple sample testing using the
Benjamini-Hochberg method. After the correction, the genes that were
differentially expressed between the two groups that were being tested
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were determined using the false discovery rate (FDR) cut-off of 0.05. All
the genes that have a corrected p-value below 0.05 were selected as
differentially expressed genes.

2.7. Transcript level differential gene expression analysis

The previous analysis estimated the gene expression as reading
counts per gene. However, for the transcript analysis, the expression of
each isoform that is annotated for each gene was estimated. To perform
the transcript-level expression, the Kallisto (v 0.43.1) method was used.
The reads were pseudo-mapped to the reference transcriptome instead
of the reference genome. Based on the pseudo-mappings, Kallisto esti-
mated the transcript level expression per gene by an expectation-
maximization (EM) method. This program was performed with stan-
dard parameters with v100 bootstraps and hg38 human reference GTF
v89 was used as a reference transcript. The obtained isoform gene
expression data were analyzed with the Sleuth (v0.29.0) program, which
is specifically developed to be used with the Kallisto program. The dif-
ferential gene expression was performed using a likelihood ratio test.
The main difference between sleuth compared to the other methods is
that sleuth uses a variance decomposition model that aims to differen-
tiate the noise variance and the biological variance. The significance of
each transcript/isoform was calculated as well as the FDR. The p-value
corresponding to the False Discovery Rate (FDR) of 0.05 was calculated
over this distribution and significant differentially expressing isoforms
are detected using this p-value.

2.8. Quantitative real-time PCR (qRT-PCR) validation of versican
isoform expression

Total RNA was extracted with TRIzol reagent (Invitrogen) (107 cells
per milliliter) (Ambion, Austin, TX) and the RNA purity was assessed by
Thermo NanoDrop 2000 (Thermo Fisher Scientific, Inc.) by standard
absorbance ratios as A260/A280 >1.8 and A260/A230 >1.5. Comple-
mentary DNAs were synthesized from 2 pg of total RNA using the
RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific,
Inc.). Any potential non-specific amplification of genomic DNA with
non-template and no reverse transcription (no-RT) control was applied.
qRT-PCR quantification of VN mRNA isoforms using SYBR Green Master
chemistry with the SensiFAST™ SYBR No-ROX Kit (Bio Line, London, U.
K.) on an iCycler Real-Time Quantitative PCR System (Bio-Rad, Hercu-
les, CA) was performed according to the manufacturer’s protocol. The
housekeeping gene GAPDH was included as an internal control. The
reactions were repeated in triplicate and the resultant mean threshold
cycles were used for further analysis. The thermal protocol was as fol-
lows: 95°C for 2 min, 45 cycles of denaturation at 95°C for 5 s, annealing
at 59°C for 10 s, and elongation with optics on for fluorescence moni-
toring at 72°C for 10 s, and Melt Curve 65°C to 95°C: Increment 0.5°C
0:05. The threshold cycle (Ct) for individual reactions was identified
using iCycler IQ sequence analysis software (Bio-Rad). Versican iso-
forms: VO and V1 expression data were normalized to GAPDH as an
internal control, and relative gene expressions were presented with the
2—AACt method [32,33]. The following primers used in this study were
purchased from Sentromer DNA Technology Service, Ltd. (Istanbul,
Turkey) with the following sequences:

VO: forward 5-GGTCAGAGAAAATAAGACAGGTCG-3' and reverse 5-
TCCTTGGGCACAGTGGTAAC-3'

V1: forward 5-ACTGCTTTAAACGTCGAATGAGTG-3' and reverse 5'-
TCCTTGGGCACAGTGGTAAC-3’

GAPDH: forward 5-TCCTGCACCACCAACTG-3' and reverse 5'-
TCTGGGTGGCAGTGATG-3'.
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3. Results
3.1. Differential gene analysis of prostate cancer tissue cell types

The expressions of the genes in control cells (RWPE-1, normal
prostate cell line), DU-145 CD133"/CD44 " CSCs, and DU-145 non-CSCs
that are not stem cells are plotted as PCA components after the
normalization of the counts using the DESeq2 (v1.18). When we
inspected the PCA plots, we observed that the cell types are clustering
according to their group types which reassured us that the cell types are
differentiated between each other and have some underlying biological
reasons for this separation. To understand the differences in the bio-
logical activities between these cell types, the differential gene expres-
sion between these cell groups was investigated to detect any significant
increase or decrease in gene expression between two different cell types.
Two differential gene expression analyses were performed: (i) between
control (RWPE-1) and CSCs (DU-145 CD133"/CD44" CSCs) and (ii)
between control (RWPE-1) and non-CSCs groups.

3.2. Comparison of control and CSCs groups

As the gene annotation from ensemble human reference gene
annotation v89 was explored, seven isoforms for the versican gene were
identified. Among these seven isoforms, only five of them were detected
to be protein-coding. These protein-coding isoforms of the versican gene
were identified as follows:

ENST00000265077.7 VNO (Versican 0)

ENST00000343200.9 VN1 (Versican 1)

ENST00000342785.8 VN2 (Versican 2)

ENST00000502527.2 VN3 (Versican 3)

ENST00000512590.6 VN4 (Versican 4

The differential gene expression among these groups was calculated
using the estimated transcript abundances from the pseudo-alignment of
the high throughput next-generation short-read sequencing (RNA-Seq)
to the reference transcriptome via the Kallisto (v 0.43.1) method. The
clustering of the CSCs group and the RWPE-1 normal human prostate
epithelial cell group in the PCA plots has demonstrated that our esti-
mates of the transcripts have been meaningful and the differential
expression analysis between these groups can detect the biological
processes that are different between these groups (Fig. 1). As five iso-
forms of the versican gene in the differential transcript expression are
analyzed, it was observed that a significant change was only found in the
isoforms VNO and VN1 (Table 1). Compared to the control group, a
significant reduction of the transcript expression was observed in cancer
stem cells in the following two isoforms: VNO (p< 0.05) and VN1 (p<
0.001) (Fig. 2).

3.3. Comparison of control and non-CSCs

Similar to the previous section the clustering of experimental groups
was investigated via the use of use PCA plot. It has been detected that the
groups are clustering correctly, and the differential transcript expression

1 CSCs I Control
. -
5.
0- )
-5
- - - - - .
-20 -10 0 10 20

PC1

Fig. 1. Principal component analysis of CSCs and control cells.
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analysis can be performed to uncover the differences between these
groups (Fig. 3). According to the results of differential transcriptome
analysis, a significant reduction was observed in VNO (p< 0.05) and VN1
(p< 0.001) isoforms (Table 2) (Fig. 4).

3.4. Comparison of CSCs and non-CSCs

In our clustering analysis comparing the groups using the PCA plot,
we found that the groups were clustering correctly and that the differ-
ential transcript analysis between these groups can be performed
(Fig. 5). According to the results of transcriptome analysis performed
between the groups, it was observed that only VNO isoform expression
was significantly reduced (p< 0.05) (Table 3) (Fig. 6).

3.5. Quantitative real-time PCR (qRT-PCR) analysis

According to the qRT-PCR analysis in which the gene expression
profile of RWPE-1 normal prostate epithelial cells was used as the
reference group, expression of VNO is decreased in CSCs (p< 0.05), non-
CSCs (p< 0.01) and DU-145 prostate cancer cell line (p< 0.001). Simi-
larly based on the qQRT-PCR results, VN1 expression is decreased in CSCs
(p< 0.01), non-CSCs (p< 0.001), and DU-145 prostate cancer cell line
(p< 0.001) (Fig. 7).

4. Discussion

The present study intends to identify the isoforms of VN that are
effective in DU-145 prostate cancer stem cells and non-cancer stem cell
groups, and to verify the hypothesis related to the presence of a different
molecular structure in addition to known variants. Although in several
studies, the central role of the expression of versican in tumor cells has
been underlined, the role of the host stromal versican is still not well
understood. In a recent study, it has been reported that cancer-related
fibroblast-related molecules, including VN, are expressed in the
stroma of esophageal squamous cell carcinoma and are associated with
poor relapse-free and overall survival of patients [34]. Targeting the
stromal expression of VN and such molecules may be a potential ther-
apeutic strategy for improving the prognosis of cancer patients [35]. In
our study, a statistically significant differential transcript expression was
observed only for VNO and VN1 within the five isoforms of VN, as
depicted by the results of the gene expression analysis of RWPE-1,
DU-145 prostate CSCs and non-CSCs groups. Increased expression of
VNO and VN1 isoforms in different tumors suggests that this differential
expression pattern may be related to tumor development [36]. The re-
sults obtained in this study have revealed that VNO and VN1, which are
the main VN isoforms, are active in vitro, especially in prostate CSCs and
non-CSCs. There was no evidence of changes in the expression levels of
the other isoforms in these cell groups. When the expression of VN
isoforms was determined by specifically designed primers, it was
observed that the expression levels of VNO and VN1 isoforms were
significantly decreased compared to that of normal prostate epithelial
cell lines. It is also claimed that the VN expression levels vary in different
tumor cell lines [37-39]. Many previous in vitro studies have focused on
VN expression in only tumor cells, however, a comparison regarding the
expression profile in normal prostate epithelial cells has not been
accomplished. Differences regarding the stromal VN expressions in
different tumor cells are still being investigated by several study groups
[40-44].

VN expression in pancreatic neuroendocrine tumors has been linked
to tumor grade, stage, and patient survival, indicating that it may be
useful as a prognostic indicator [45]. VN is linked to the proliferation,
invasion, and migration of tumors and is increased in gastric cancer. VN
expression is significantly correlated with Tregs, indicating that it may
be involved in immune regulation. For gastric cancer patients, VN may
be a target for cancer therapy as well as a possible prognostic predictor
[46,47]. VN was indicated as a putative PT marker by microproteomics
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Table 1

Differential gene expression analyses of control cells and CSCs.
Transcript_id Isoform test_stat P-val mean_obs var_obs
ENST00000265077.7 VNO 5,004193 0,025286 5,9725 0,42803
ENST00000343200.9 VN1 8,7017 0,003179 6,03634 1,01733
ENST00000342785.8 VN2 not significant
ENST00000502527.2 VN3 not significant
ENST00000512590.6 VN4 not significant

ENST00000265077.7

1000
£ 750 B9
3
SI @ Control
+ 500 = ® CSCs
3 =B
250
--
CONTRO! - CSCs
1A 1B 1C 3A 3B 3C
sample
VNO

ENST00000265077.7

1000
£ 750 BES E
=
8| @ Control
+« 500 = CSCs
o ]
250
—-
CONTROL cscs
1A 1B 1C 3A 3B 3C
sample
VN1

Fig. 2. The comparative analysis of VNO and VN1 transcripts in control cells and CSCs.

[=71 Non-CSCs [ Control

20 -10 0 10 20
PC1

Fig. 3. Principal component analysis of non-CSCs and control cells.

analysis and confirmed its function in phyllodes tumor grading. The
grade of phyllodes tumors was shown to be correlated with VN
expression, indicating that this protein may be used as a diagnostic and
prognostic marker for these tumors [48]. In a study, VN was chosen as a
research focus after RNA sequencing showed that the most differentially
expressed genes in the upper urinary tract urothelial carcinoma were
involved in extracellular matrix structure. In vitro analysis revealed that
VN knockdown decreased cell migration. In addition, the efficacy of
epirubicin, gemcitabine, and cisplatin was enhanced by silencing VN,
suggesting possible therapeutic applications [49]. Suhovskih et al.
investigated the expressions of different proteoglycans (versican,
decorin, lumican, and syndecan 1) in tissue samples taken from patients
with prostate cancer and benign prostatic hypertrophy. They observed
no difference between expression levels of VN in prostate tumors and

normal prostate tissue [50]. In contrast to their results, there are pub-
lications that bear data showing elevated levels of VN protein associated
with disease progression in early prostate cancer [23,50,51]. These re-
sults have been attributed to the reduction of VN degradation in prostate
cancer tissue or post-transcriptional activation of VN expression [50].
Contrary to the studies that have been mentioned, our results show that
the expression levels of the VN isoforms, VNO and VN1 in prostate CSCs
and non-CSCs were significantly decreased compared to normal prostate
epithelial cell lines.

In our previous study [52], CSCs isolated from the DU-145 prostate
cancer cell line or from its lineage were compared for the adhesion
molecules and the changes in cellular structures in two different cell
culture types of monolayer and three-dimensional spheroid cultures.
Specific genes have been targeted in the analysis of microarray-based
gene expression. TGFf1 expression level was significantly increased in
CSCs monolayer cell cultures, and the VN expression level was signifi-
cantly increased in CSCs three-dimensional spheroid cultures. The re-
sults of immunohistochemistry have also confirmed that there is a
significant increase in the immunoreactivity of TGFf1 in monolayer cell
cultures and expression of VN in spheroid cultures [52]. Depending on
this data, we thought that CSCs were affected by many signaling path-
ways in the initiation and differentiation of tumor formation. In this
study, we showed that in DU-145 prostate CSCs and non-CSCs grown as
two-dimensional cell culture models, VN was present in the form of VNO
and VN1 isoforms and it was also demonstrated that the expression of
these isoforms was significantly reduced with respect to normal prostate
epithelial cell lines. This result suggests that VN plays an important role
in tumor organization, especially when CSCs are transformed from

Table 2

Differential gene expression analyses of non-CSCs and control cells.
Transcript_id Isoform test_stat P-val mean_obs var_obs
ENST00000265077.7 VNO 9,867461 0,001682275 5,354131 1,568272
ENST00000343200.9 VN1 18,16838 2,02E-05 5,803372 1,36532
ENST00000342785.8 VN2 not significant
ENST00000502527.2 VN3 not significant
ENST00000512590.6 VN4 not significant
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two-dimensional to three-dimensional structures. Many articles have
shown that cancer stem cells which are known to have self-renewal and
differentiation capacity, are responsible for the recurrence of the disease
at the potential origin of the tumor and chemoresistance [53].

With these results, it is clear that tumor microenvironment and cell
heterogeneity play a very important role in tumor growth, progression,
and metastasis. When CSCs were organized to arrange into a complex
structure as in a spheroid model the VN expression increased, on the
other hand, with this study we have shown that the expression of both
VNO and VN1 isoforms decreased in two-dimensional CSCs and non-
CSCs. Moreover, the comparison of CSCs and non-CSCs showed that
VNO expression was significantly decreased, suggesting the role of CSCs
in tumor organization. To reach a more comprehensive explanation
related to tumor organization, in vivo studies should be carried out
under the guidance of in vitro studies.

As a result, when we consider cancer as a whole; heterogeneous
cancer cells and CSCs are located in the parenchyma, while non-

malignant cells (inflammatory cells, cancer-associated fibroblasts,
angiogenic vascular cells, and sometimes adipocytes) and the ECM
constitute the stroma. All these substructures that are observed within
this complete picture of cancer play a very serious role in the explana-
tion of cancer mechanisms. In this study, which we started with the aim
of understanding the role of VN in CSCs and non-CSCs in comparison to
normal epithelial cells using two-dimensional cell cultures, we explored
the function of this molecule which we think to be effective in cancer
progression and suggested that more valuable results can be obtained
after the accomplishment of in vivo experiments.

5. Conclusion

Our study delves into the differential expression patterns of VN iso-
forms in DU-145 prostate CSCs and non-CSCs, shedding light on their
potential role in tumor progression. The tumor microenvironment,
comprising immune cells, fibroblasts, and extracellular matrix compo-
nents, plays a pivotal role in cancer development. Our findings reveal a
significant decrease in the expression of VNO and VN1 isoforms in both
CSCs and non-CSCs compared to normal prostate epithelial cells. This
suggests a nuanced role for VN in tumor organization, especially as CSCs
transition from two-dimensional to three-dimensional structures. While
in vitro studies highlight the importance of cell heterogeneity and
microenvironment interactions, future in vivo investigations will pro-
vide a more comprehensive understanding. Overall, our research un-
derscores the intricate involvement of VN isoforms in prostate cancer,
emphasizing their potential as therapeutic targets and prognostic in-
dicators. Further exploration in both experimental and clinical settings
is warranted to validate and extend these observations.
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