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Abstract

Cancer is one of the main causes of death in developed countries
and it is estimated to become the same worldwide, with prostate
cancer being the fourth most common type in the world population.
The study of nanovesicles, called exosomes, with approximately
50-100 nm in diameter, which have a lipid bilayer that can carry
molecules such as RNA, DNA, proteins, and lipids, have been shown
to play an important role in carcinogenesis. Thus, this work aimed
to analyze the action of tumor cell nanovesicles on normal cells,
for a better understanding of the prostate cancer pathogenesis.
Therefore, nanovesicles were isolated from the supernatant of
LNCaP, PC3 and RWPE-1cell lines, using ultracentrifugation
methodology and characterized by scanning electron microscopy.
Nanovesicles were incubated with 3D-cultured prostate epithelial
cells. The expression of CD133, c-myc, Oct4 and SOX2 genes were
analyzed by the gPCR technique. The results obtained proved that
nanovesicles can significantly alter the expression of cancer-related
genes.
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Introduction

Cancer is the term used for a diverse set of diseases characterized
by the uncontrolled growth of cells, caused by either genetic or
epigenetic disorders or both, resulting in an aberrant gene expression.
Cancer is one of the leading causes of death in developed countries
and is estimated to become one of the main leading causes of death
in the world [1], with prostate cancer being the fourth most common
cancer in the world [2].

Cancer is a multifactorial disease and difficult to diagnose, since
current methods proves to be uncomfortable by patients around the
world due to being invasive. Hence, other types of non-invasive and
more accurate diagnosis methods are being studied; among them
one of the studies includes study of nanovesicles in cell signaling.
Nanovesicles are a class of extracellular membranous vesicles which
are originated by an endosomal cell budding, forming a multivesicular
body, which will enter in the target cell to release its contents into
the cytoplasm [3] or can release their contents in the extracellular
space, including free ligands which stimulate receptors on the cell
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surface or ligands can be on the surface of vesicles and stimulate
the target cell upon binding to their receptors [4]. Most cells release
nanovesicles, such as hematopoietic cells, stem cells, reticulocytes,
B-and T-lymphocytes, dendritic cells, mast cells, platelets, intestinal
epithelial cells, neurons and tumor cells [5], and they are naturally
found in body fluids such as saliva, urine, blood, semen, breast milk,
cerebrospinal fluid, and bronchoalveolar lavage [6-8].

Nanovesicles are constantly generated and released into the
extracellular space, being important for communication between
cells, maintaining cells morphology, and RNA, miRNA and other
molecular components transportation [9]. They have shown
biological activity in vivo, and they play an important role in
several pathological conditions, such as cancer, infectious and
neurodegenerative diseases [10]. Nanovesicles may also contribute
to propagation of transformed phenotype in cells, for instance, in
the capacity of tumor cells to avoid the immune system, induce
angiogenesis, cell progression, invasion and tumor metastasis [11]
which can be identified by the expression analysis of some genes
associated with prostate cancer.

Genetic analysis is extremely important to identify the risk
of prostate cancer (PCa), since it can determine related genes for
diagnosis. Consequently, genetic analysis can reduce the morbidity
and mortality of men, allowing a better understanding of the disease,
and making its treatment safer [12]. Among several genes considered
important to cancer progression, this study focuses in the following
genes: c-myc (or myc) transcription factor, the transmembrane
glycoprotein CD133 (prominin-1), octamer-binding transcription
factor 4 (sex hormone binding transcription factor-Oct4), and sex
-determining region Y-box 2 (Sex determining region Y-box 2-
SOX2).

The c-myc transcription factor is considered a proto-oncogene.
Expression of this gene in adults is relatively low and restricted to
regenerative cells with proliferative potential. Due to its vast function in
the regulatory system, c-myc also presents a potent oncogenic activity.
Its overexpression contributes directly to malignant transformation in
cells. Therefore, it is considered a hallmark in several types of cancers.
In addition to being an initiator and progressor of the disease, c-myc
is essential for tumor maintenance [13].

CD133 transmembrane glycoprotein was first identified as a
specific marker for hematopoietic stem cells in humans. Actually, this
marker is also used to identify and isolate subpopulations of cancer
stem cells [1]. CD133" cells have the ability to differentiate, self-renew,
and they are able to develop tumors in xenotransplantes [14].

Octagene-binding transcription factor, also known as OCTS3,
OCT3 / 4, OCTF3 or NF-A3, presents a function of keeping stem
cells in pluripotency; however the reduction of its expression can
cause differentiation of stem cells and loss of pluripotency, generating
differentiated cells [15]. This gene also contributes to the survival of
tumor cells, being more expressed in a few differentiated tumors,
conserving the cellular mechanisms of somatic cells, as observed in
cancers and reprogramming of somatic cells [16]. Oct4 is considered
a possible marker of malignant PCa. According to Kosaka et al.
[17], high expression of Oct4 and the pathological stage of PCa are

SciTechnaol

\.\J international Publisher of Science,  +
Technology and Medicine  ;

All articles published in Archives of Medical Biotechnology are the property of SciTechnol, and is protected by copyright laws.
Copyright © 2018, SciTechnol, All Rights Reserved.



Volume 1 ¢ Issue 1+ 1000101

Citation: Faria RO, Moraes DD, Souza AG, Silva IBB, Alonso-Goulart V (2018) 3D Cell Culture to Analyze Tumor Cell Nanovesicles Role in Prostate Cancer

Pathogenesis. Arch Med Biotechnol 1:1.

independent of high levels of PSA. Moreover, it is possible to use only
expression analysis of Oct4 as an indicator for the PCa stage. Thus,
tumor cells with a high level of differentiation may be related to Oct4,
which may contribute to tumor progression [18].

SOX2 is a member of SOX family that encompasses transcription
factors responsible for the maintenance of stem cell properties and it
is related to the regulation of stem cells during the embryonic phase.
Bae et al. [19] revealed that SOX2 contributes to cellular invasion of
PCa, also, high expression of SOX2 predicts the progression of cancer,
and low survival of patients with metastatic PCa [20].

In this way, the present study of the action of tumor cells
nanovesicles on normal cells in vitro, provides a better understanding
of prostate cancer pathogenesis, contributing for a better
understanding on interactions between cells. Additionally, culture in
3D was used, since this technique represents a better in vivo system
than 2D culture [21].

The objective of this work was to analyze the expression of
c-myc, CD133, Oct-4 and SOX2 genes after the action of tumor cell
nanovesicles on normal prostate cells cultured in 3D.

Material and Methods

Isolation and purification of nanovesicles derived from PC3,
LNCaP and RWPE-1 cell line

PC3 and LNCaP cell line were cultivated with RPMI (Roswell Park
Memorial Institute) medium, and RWPE-1 with Keratinocyte medium
supplemented with 10% nanovesicles-free fetal bovine serum at 37°C and
5% CO,. The FBS (Fetal bovine serum) were ultracentrifuged at 120000
RCEF for 1 hour in order to separate the nanovesicles to use nanovesicles-
free fetal bovine serum in the cell culture. When cells reached 80%
confluency the supernatant was obtained by centrifugation twice at 200
RCEF for 10 minutes. After that, the supernatant was filtered and passed
through a 100 nm extruder in order to eliminate cellular debris and any
contamination, leaving only nanovesicles and vesicles below 100 nm.
The sample was then ultracentrifuged at 120000 RCF for 1 hour in order
to isolate the nanovesicles. After this procedure, the supernatant was
discarded and pellet re-suspended in phosphate-buffered saline (PBS).
Samples were again ultracentrifuged at 120000 RCF for 1 hour. The
pellet obtained was re-suspended in 400 pl of PBS and stored at -20°C for
testing of normal prostate cells.

Characterization of nanovesicles by scanning electron
microscopy (SEM)

According to Sokolova et al. [22] for scanning electron microscopy
(ESEM Quanta 400 instrument; FEI), the nanovesicle instead of
exosomes were fixed with 3.7% glutaraldehyde (Sigma-Aldrich
GmbH, Taufkirchen, Germany) in PBS for 15 min. After washing
twice with PBS, the fixed nanovesicle instead of exosomes were
dehydrated with an ascending sequence of ethanol (40%, 60%, 80%,
96-98%). After evaporation of ethanol, the samples were left to dry at
room temperature for 24 hours on a glass substrate, and then analysed
by SEM after gold-palladium sputtering. Samples were observed on a
SEM (ZEISS) at a magnification of 40.00 KX and 45.00 KX.

Culture of the cell line (RWPE-1) in 3D for the stimulus with
nanovesicles

Normal prostate cells were cultured in a medium bottle (75 cm?)
with Keratinocyte medium supplemented with 10% nanovesicles-

free fetal bovine serum. When cells reached 80% confluency,
400 pL (Nanoshuttles TM-PL, Nano3D Biosciences) of magnetic
nanoparticles were added for interaction with cells in order to proceed
to 3D culture. After 24 hours, cells were trypsinized and centrifuged,
and then 1x10° cells were added to each well in the 96-well plate,
along with culture medium. After this procedure, a metal plate was
placed below a plate with the cells, which by magnetic attraction a
cellular dot was formed after 48 hours.

Stimulation of cell-derived nanovesicles of PC3, LNCaP and
RWPE-1 cells on normal RWPE-1 prostate cells in 3D cell
culture

RWPE-1 cell culture medium was removed and then a new culture
medium was added with the isolated nanovesicles. Two volumes of
the nanovesicles samples were used: 15 pL and 35 pL. The assay was
conducted in triplicate.

After incubation with the nanovesicles, the supernatant was
discarded and cells were trypsinized using trypsin-EDTA solution at
two time intervals: 24 hours and 48 hours. Trypsin was inactivated
using fetal bovine serum and cells were subjected to centrifugation at
300 x g for 5 min. The cells were re-suspended in 450 uL of trizol and
stored at -80°C.

RNA extraction from normal prostate cells RWPE-1

RWPE-1 cells were subjected to total RNA extraction, using
Trizol protocol. Cells were centrifuged at 12.000 RCF for 10 minutes.
The supernatant from each tube was discarded and the pellets were
re-suspended in 500 uL of Trizol for cell lysis. Afterwards, 100 pL
of chloroform was added for two-phase formation. Then, samples
were centrifuged at 12.000 RCF for 15 minutes at 4°C. The aqueous
phase was transferred to another tube, 300 pl of isopropanol was
added for RNA precipitation, and the samples were centrifuged at
12.000 RCF for 15 minutes. The supernatant was discarded and
the pellet washed with 300 pl of 70% ethanol. Then the samples
were centrifuged at 12.000 RCF for 15 minutes, the supernatant
was discarded and the pellet was dried at room temperature and
re-suspended with ultrapure water. The RNA was quantified
using a spectrophotometer (NanoDrop  ND-1000) and stored at a
temperature of -80°C.

Complementary DNA Synthesis (cDNA)

cDNA synthesis was performed from 5 pg of RNA. Total RNA
was diluted in nuclease-free water, in a total volume of 20 uL. To
this volume were added 0.4 uL of deoxyribonucleotide phosphates
(dNTPs) mix, 0.5 pL of deoxythymidine monophosphate (oligo dT),
0.2 L of reverse transcriptase, 4 UL of enzyme buffer and 8.65 pL of
endonucleases free water. The solution was then subjected to a 37°C
temperature cycle for 60 minutes in an Applied Biosystems thermal
cycler. At the end of the reaction, the obtained cDNA was stored at
-20°C.

Gene expression analysis by Real-time PCR (RT-Qpcr)

Gene expression analysis was performed by quantitative
polymerase chain reaction (QPCR) using an Applied Biosystems 7500
Real Time PCR Systems thermal cycler. The amplification reaction
was prepared according to the SYR'Green PCR Core Reagents kit
containing: 5 pl of mastermix, 2 ul of injection water, 1 pl of primers
for quantification of c-myc, CD133, Oct-4, SOX2 e f2M genes (Table
1) and 2 ul of cDNA for a final volume of 10 uL. The f2-microglobulin
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gene (B2M) was used as endogenous control. Reactions were made in
triplicate.

The result was expressed as Cycle Threshold (C) value, which
refers to the number of PCR cycles required for the fluorescence
signal to reach the detection threshold. The levels of expression of the
genes were obtained by the AAC, method, which uses the equation 1:

AAC = (Ct, - Ct) - (Ct, - Ct, ) Eq.(1)

According to the equation 1, Ct,, is the C, of the target gene
(sample treated with nanovesicles); Ct,, is the C of the endogenous
control (sample treated with nanovesicles); Ct,  is the C of the
target gene (sample untreated with nanovesicles); and Ct_ is the
C, of endogenous control (sample untreated with nanovesicles).

The number of times the gene expression change is calculated as
Z—AACT.

Statistical analysis

Prism 6.0 software was used for this statistical analysis. To perform
the statistical comparison between the groups, 2Way ANOVA
analysis was used with the Turkey multiple comparisons test. In all
the statistical analysis a significance level of 5% was adopted, that is,
the results that presented a significance probability (P) of less than 5%
(P<0.05) were considered as statistically significant.

Results and Discussion

Isolation and characterization of nanovesicles

After the nanovesicles isolated from the cell supernatant, they
were characterized by electron microscopy (Figure 1). It can be seen
that the structures have a shape of spheres, in average sizes smaller
than 150 nm, as described for nanovesicles [3,8,23].

Quantification of gene expression

CD133 gene showed a significant relative quantification of 1.9
times greater than the control in the 24 hours period when incubated
with 15 pL of LNCaP nanovesicles. There were no significant results
when using PC-3 nanovesicles. Regarding RWPE-1 nanovesicles,
there was a significant increase of 8.3 fold when treated with 15 uL for
24 hours (Figure 2A-2C).

In relation to the c-myc gene, when RWPE-1 cells were incubated
with the PC-3 nanovesicles, there was a significant increase of 24.8
fold in a 24 hours period with a volume of 35 pL. Therefore there were
no significant results when using LNCaP nanovesicles. Moreover, the
stimulus with RWPE-1 nanovesicles had a significant increase of 43.4
times, using 35 uL in the time of 24 hours (Figure 2D-2F).

In the result presented, it can be observed that there was an
increased expression of the CD133 gene with a smaller amount of
LNCaP nanovesicles and there was no significant increase with PC-3
nanovesicles. LNCaP cells have a population of CD133* cells (5%)
higher than PC-3 cells (0.3%) [24,25], indicating increased expression
of the CD133 gene in a 24 period with 15 ul of LNCaP nanovesicles.
Moreover it is important to emphasize that PC-3 lineage is considered
more aggressive when compared to LNCaP in relation to invasion
and proliferation capacity. CD133 gene is not associated with invasive
capacity and CD133* cells have a low proliferation rate [26], which is
in agreement with the results obtained in relation to the high gene
expression of CD133 in cells with LNCaP nanovesicles and lower
expression in PC-3.

Expression of Oct4 gene after stimulation with PC-3 and
LNCaP tumor cells nanovesicles in normal prostate cells showed
no significant difference. On the stimulus with normal cells
nanovesicles (RWPE-1), Oct4 gene expression increased with

Table 1: Sequences of forward e reverse primers for quantification of c-myc, CD133, Oct-4, SOX2 e $2M genes.

Gene Forward

c-myc 5 TGCCTCAAATTGGACTTTGG ¥
CD133 5 CATGTTTGGAGGATCTTGCTAGC 3
Oct-4 5'CCTCACTTCACTGCACTGTA 3’
SOXx2 5'CCCAGCAGACTTCACATGT 3’

B2M 5" CCTGCCGTGTGAAACATG 3

Reverse

5 GATTGAAATTCTGTGTAACTGC 3’
5 TTCCCGCACAGCCCC 3’
5'CAGGTTTTCTTTCCCTAGGT 3’
5'CCTCCCATTTCCCTCGTTTT 3’

5 GCGGCATCTTCAAACCTCCC &

A.PC-3

EHT = 15.00 kv
WD = 7.5 mm

1 pm

Sighal A = SE1
Mag = 45.00K X

Figure 1: Scanning electron microscopy. (A) Nanovesicles isolated from PC 3 cells. (B) Nanovesicles isolated from RWPE-1 cells. EHT: extra high tension;

WD: work distance. Mag: Magnification.

1 Mm

—

B. RWPE-1

EHT =15.00 kv
WD = 9.5 mm

Signal A = SE1
Mag = 40.00 KX
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Figure 2: CD133 gene expression quantification in RWPE-1 cells by the gqPCR methodology after different nanovesicles. Nanovesicles isolated from LNCaP
cells (A) Nanovesicles isolated from PC 3 cells (B) and nanovesicles isolated from RWPE-1 cells (C) at the 24 and 48 hour periods. C-myc gene expression
quantification in RWPE-1 cells by the gPCR methodology after different nanovesicles. Nanovesicles isolated from LNCaP cells (D) Nanovesicles isolated from
PC 3 cells (E) and nanovesicles isolated from RWPE-1 cells (F) at the 24 and 48 hour periods. Significance levels were: "p < 0.05, “p < 0.01, “p < 0.001 and
““p<0.001.

15 pL in 24 hours (Figures 3A-3C). As Oct4 gene has the main
function of maintaining cells pluripotency [27], the decrease in
expression may result in cell differentiation [15], consequently
increasing the tumor cells.

Incubation with LNCaP nanovesicles in normal cells of the
prostate did not present significant statistical difference in the
expression of SOX2 gene (Figure 3D). This gene is essential for the
maintenance of pluripotency, cell renewal and prevention of cell
differentiation [25,28]. The expression of SOX2 is involved in the S
phase of the cell cycle, promoting cell development [29]. As shown in
Figure 3E, it was possible to observe a significant statistical difference
in the reduction of SOX2 gene expression after stimulation by PC-3
nanovesicles. An interesting observation is that suppression of the
SOX2 gene increases the sensitivity to apoptosis in prostate cancer
cells and in vivo [29]. Our results showed a gene suppression of
SOX2 in the time of 48 hours after stimulation (PC-3 nanovesicles)
suggesting an increase in the sensitivity to apoptosis and maintenance
of the process of tumor progression.

The fact that RWPE-1 nanovesicles stimulation in RWPE-1 had

increased gene expression on the different genes analyzed can be
explained by the hypothesis that cells are more sensitive to their own
nanovesicles (Figure 3F). This is due to the lipid layer composition of
the nanovesicles, which is extremely important in cellular interaction.
Moreover, similarity between nanovesicles membrane receptors and
RWPE-1 cells, may had led the incubated cells to absorb a greater
amount of nanovesicles, when compared to the other strains [30],
resulting in the observed changes. This was also confirmed by An et
al. [31] and Borges et al. [32] who described an easy way of access of
the nanovesicles to their cell of origin, generating a rapid response
(Figure 4).

Conclusion

The action of tumor cell nanovesicles (PC-3 and LNCaP)
altered the expression of CD133, c-myc, Oct4 and SOX2 genes,
demonstrating a possible participation of these nanovesicles in the
pathogenesis of prostate cancer. Additionally, they can be used as
biomarkers for early detection of prostate cancer, but more research
is still needed on this issue.
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Figure 3: Oct4 gene expression quantification in RWPE-1 cells by the qPCR methodology after different nanovesicles. Nanovesicles isolated from LNCaP
cells (A) Nanovesicles isolated from PC 3 cells (B) and nanovesicles isolated from RWPE-1 cells (C) At the 24 and 48 hour periods. Sox2 gene expression
quantification in RWPE-1 cells by the gPCR methodology after different nanovesicles. Nanovesicles isolated from LNCaP cells (D) Nanovesicles isolated from
PC 3 cells (E) and nanovesicles isolated from RWPE-1 cells (F) At the 24 and 48 hour periods. Significance levels were: ‘p < 0.05, “p < 0.01, “p < 0.001 and

“p < 0.001.
5% of LNCaP cells are CD133", while c-myc is associated with cell invasion and proliferation.
PC-3 are 0.3% PC-3 lineage is more aggressive than LNCaP cells

Gene LNCaP PC-3

CD133 ' -

c-myc - '
Oct4 - -

Sox2 - i |

Reduction of Sox2 expression is associated with increased
apoptosis sensitivity

Figure 4: Association of expression of CD133, c-myc, Oct4, and Sox2 genes in LNCaP and PC3 lines.
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