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Abstract
Prostate cancer (PCa) is the second most common malignancy in men, and the fifth leading cause of death worldwide. Mes-
enchymal stromal/stem cells (MSC) have been identified in PCa, although contradictory effects in malignant transformation 
and tumor progression have been described. Since umbilical cord (UC) MSC and cord blood serum (CBS) are rich in numer-
ous growth and anti-inflammatory factors, UC-MSC secretome and CBS are able to modulate tumor cell proliferation and 
survival as well as immunity and angiogenesis. In the present study, we address this relationship and investigate the influence 
of UC-MSC secretome and CBS on two human PCa cell lines (PC3 and LNCaP) and a normal epithelial prostate cell line 
(HPEpiC). Our results disclosed that upon exposure to UC-MSC-conditioned medium or CBS, both PC3 and LNCaP cells 
exhibited reduced viability, proliferation, and motility while non-malignant epithelial prostate cells were unaffected. These 
findings were corroborated by expression analysis of AKT/PI3K signaling pathway, p53 and interleukin genes. UC-MSC 
and CBS factors decreased the expression of growth-stimulating AKT and PI3K effectors and simultaneously up-regulated 
the expression of tumor-suppressor p53. Moreover, a more anti-inflammatory expression profile was found in both malig-
nant PCa cell lines. Altogether, these results shed light into possible mechanisms by which UC-MSC and CBS reduce PCa 
progression, further reinforcing their potential use as novel therapeutic agents in PCa.
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Introduction

Prostate anatomical location potentiates several internal and 
external injuries, such as by infectious agents, carcinogens, 
urinary reflux, hormonal changes, and also physical trauma 
[1], that can progress to chronic inflammation, culminating 
in both initiation and progression of benign prostatic hyper-
plasia and prostate cancer (PCa) [1–3]. This carcinoma with 
indolent properties and with a non-invasive nature presents 
one of the highest rates of neoplastic transformation in the 
human body leading to death due not only to the anatomical 
disposition to damage, but also a failure in the control of 
metastatic process [1]. PCa affects more than 90% of men 
over 80 years and it is considered as a serious threat to the 
life of patients [4]. In fact, PCa is one of the five most prev-
alent cancers, being considered a significant health prob-
lem in both frequency and cancer-related death rate [5, 6]. 
Moreover, considering the aging and fast growth of world 
population, in 2030 it is expected that more than 1.7 million 
men will be diagnosed with PCa and around half a million 
new deaths by this condition [1]. The etiology of PCa is 
yet to be completely unraveled [7]. In addition, the biologi-
cal heterogeneity of this cancer mirrors its interindividual, 

intertumoral, intratumoral, and genetical variations dur-
ing treatment. Currently, there are a variety of treatments 
available against PCa such as surgery, androgen deprivation 
therapy, chemotherapy, radiotherapy, and active surveillance 
by prostate specific antigen. Nevertheless, the choice of the 
more suitable treatment combination is yet unclear, and the 
most common solution is the total prostatectomy [8]. The 
complexity of tumor microenvironment, radiation resistant 
stem cells, the increased secretion of inflammatory cytokines 
and growth factors, and overexpressed receptors impacts on 
cancer recurrence or on the appearance of resistant tumors 
[9]. Since the current therapies seem to have limited poten-
tial to prevent progression and treat PCa, the development of 
targeted, less toxic, and more efficient therapeutical strate-
gies to control this disease is crucial, mainly for the meta-
static potential.

The finding of unique properties of stem cells in modulat-
ing immunity, selective migration to inflammatory sites, and 
growth factors secretion, mesenchymal stem/stromal cells 
(MSC) have been considered a promising therapeutic ave-
nue, namely in PCa [7, 10]. Indeed, stem cell therapy bring 
new paradigm for cancer inhibition by transporting chemo-
therapeutics, activating prodrugs, regulating the expression 



1162 A. Sousa et al.

1 3

of genes involved in cancerigenesis, genetically modifying 
the production of anti-cancer agents, and deriving extra-
cellular vesicles (EVs) containing therapeutic compounds 
from stem cells. Umbilical cord (UC) is currently consid-
ered an excellent and one of the earliest and most primitive 
source of human stem cells [7]. Therefore, both cord blood 
serum (CBS) and MSC isolated from the Umbilical Cord 
(UC-MSC) are derived from an easy-access, non-invasive, 
donor-risk free and non-controversial source that would 
normally be discarded [11, 12]. As reviewed by Gomes 
et al. (2021), UC-MSC are able to modulate several cellular 
mechanisms similarly to MSC cellular therapy, improving 
wound healing and tissue repair mechanisms in several dis-
ease models by promoting neovascularization [13]. In fact, 
UC-MSC secretome can be seen as an excellent therapeutic 
agent, avoiding the limitations of cellular approaches [10]. 
These acellular therapies are therefore based on the princi-
ple, already demonstrated, that the therapeutic effects asso-
ciated with UC-MSC are mainly due to paracrine factors 
[14]. Which means that UC-MSC exert a large part of their 
biological effects through the release of biologically active 
molecules and EVs, being considered as an effective acel-
lular alternative to UC-MSC [15]. In fact, the demonstrated 
therapeutic efficacy of MSCs is described to not depend 
on the physical proximity of the transplanted cells within 
tissues [16] but the synergistic action of small molecules 
secreted by MSCs has capacity of reducing cell injury and 
improving tissue repair [17, 18]. Therefore, besides direct 
cell differentiation and replacement therapy, UC-MSC 
secretome contains a strong paracrine component which can 
strongly be considered as a new paradigm towards cell-free 
therapeutics in medicine [19]. Furthermore, MSCs present 
the ability to migrate toward damaged tissues, to secrete bio-
active mediators, such as growth factors, cytokines and EV 
that exert immunosuppressive, anti-apoptotic, anti-fibrotic, 
angiogenic, and anti-inflammatory effects [20]. Human 
MSCs have been showing benefits by improving ventricular 
function in a porcine model of myocardial ischemia [21]; by 
improving insulin sensitivity associated with an increased 
GLUT4 expression in type 2 diabetic rats [22]; through the 
prevention of neurocognitive impairments induced by cra-
nial radiation in mice [23]; by reducing the T cell response 
leading to a beneficial effect in atopic dermatitis in a murine 
model [24]. These reports reveal two main properties of 
MSCs: the capacity to migrate toward the lesion site and 
the ability to repair damaged tissues.

The composition of UC-MSC secretome is variable and 
dependent on the microenvironment in which the UC-MSC 
are found, thus contributing to the multiplicity of effects 
reported in several studies and experimental conditions [14, 
25]. Indeed, MSCs secrete cytokines being the most impor-
tant IFNγ, TNFα, IL-1β and IL-6 [25]. Their effects depend 
on the local conditions of the microenvironment, and the 

pro-inflammatory IFNγ, TNFα and IL-1β cytokines may 
induce secretion of anti-inflammatory immunosuppressive 
molecules. The study of the expression of 120 cytokines at 
mRNA and protein levels of MSCs showed that IL-6 had 
the highest expression being the basic cytokine responsi-
ble for the immunoregulatory effects of MSCs [26]. IL-6 
is a cytokine with a key role in a several cellular processes 
such as regulation of the immune response, hematopoiesis, 
inflammation, cell survival, apoptosis, cell proliferation and 
oncogenesis [25]. MSCs can transform malignant cells in an 
IL-6 dependent manner questioning the interactions between 
MSCs and the tumor microenvironment which is most com-
monly very rich in IL-6. Another MSC produced cytokine 
is transforming growth factor beta (TGFβ) with a key role 
in cellular functions, including proliferation, differentiation, 
migration, adhesion, and apoptosis, impacting important 
biological functions such as development, wound healing, 
carcinogenesis, angiogenesis, and immune responses [25]. 
TGFβ orchestrates the initiation and resolution of inflamma-
tory responses, as well as the induction and maintenance of 
immune tolerance [25].

Although several studies have shown UC marked thera-
peutic potential in diverse pathologies, from hematology to 
immunology, and tissue regeneration, the role of some UC 
components in oncology field is not yet clear. Some reports 
have shown that the direct interaction between MSC and 
cancer cells potentiates metastatic capacity by enhancing 
epithelial–mesenchymal transition, a key event in tumor 
invasion process [27, 28]. Nevertheless, the available lit-
erature concerning this topic is contradictory [29]. For 
instance, some studies reported a pro-tumor effect of MSC 
by releasing growth or pro-angiogenic factors that potentiate 
the tumor growth contributing to cell progression [30, 31] 
and other works have demonstrated an anti-tumor effect by 
MSC by inhibiting proliferation-related signaling pathways, 
induction of cell cycle interruption and reduction of tumor 
growth [32, 33]. Despite the dual properties of UC-MSC in 
carcinogenicity and ability to inhibit tumor growth, CBS 
has been considered to have more potential in therapeutics 
than adult plasma since it contains higher levels of anti-
inflammatory molecules [34], higher levels of soluble mol-
ecules responsible for NK, NKT, and T cells impairment 
[e.g. NK group 2, member D (NKG2D) and sNKG2DL] and 
responsible for directly downmodulated NK cell cytotoxicity 
in a dose-dependent manner [35]. CBS also exerts effects in 
proliferation, differentiation and function of immune and 
other cells types due to several growth factors, cytokines 
and immunomodulatory factors [36]. Moreover, this serum 
also contributes with a considerable panel of trophic factors 
(e.g. albumin, transferrin, fibronectin, several fatty acids and 
platelets) in wound healing mechanisms of epithelial cells 
[36]. Therefore, CBS therapeutic benefits associated to its 
availability through cord blood banking make this an ideal 
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source for the treatment of a variety of diseases and inflam-
matory conditions [7].

Even though the effort to reach new treatment modali-
ties which improve survival in PCa patients with metastasis, 
considering stem cell as therapy or even as co-adjuvant has 
not received much attention. Thus, we wanted to investigate 
the effects of both, CBS, and UC-MSC on cellular prolifera-
tion, viability, and function of human PCa. In this study, we 
evaluated the effect of both CBS and UC-MSC secretome 
on the behavior of androgen-sensitive human prostate ade-
nocarcinoma (LNCaP) and androgen-nonresponsive grade 
IV prostate adenocarcinoma with high metastatic potential 
(PC3) cell lines. In parallel, the effect of both treatments 
was investigated on a non-malignant human prostate epi-
thelial cell line (HPEpiC). Thus, the aim of the study was 
to evaluate the functionality and viability of each cell line 
by characterizing cytotoxicity, proliferation, and migration 
capacity under CBS and UC-MSC treatments, as well as the 
evaluation of a panel of survival and inflammatory genes.

Methodology

Sample collection

CBS and UC-MSC derived from UC units were obtained 
from BebeVida, Ciências para a Vida S.A. The informed 
consent for the use of samples for research was obtained 
in accordance with the requirements of the Declaration of 
Helsinki and local law at the time of collection.

CB and UC units were collected by qualified health care 
professionals in authorized maternity hospitals. Before 
delivery, mothers signed an informed consent donating these 
samples for both research and validation purposes.

Full serological and microbiological analysis of the CB 
units was carried out to exclude infection. Tests were per-
formed for the presence of human immunodeficiency virus, 
Treponema pallidum (syphilis), cytomegalovirus and Hepa-
titis A, B, and C viruses, as well as aerobic and anaerobic 
bacterial and fungi (BacTAlert, Biomerieux, INC. Durham). 
Only non-reactive units were further processed.

Cell culture

UC‑MSC culture and characterization

UC-MSC were isolated from the umbilical cords of healthy 
neonates using the direct plastic adherence method. Briefly, 
the UC samples were sheared into long segments and 
washed to remove residual cord blood. Then, blood vessels 
and clots were scraped and washed away, and UC tissue 

was minced and digested using collagenase (Nordmark 
Biochemicals, German) and hyaluronidase (Sigma-Aldrich, 
Germany). Cells were then plated and incubated in a 5% 
CO2 atmosphere at 37 °C in  MesenCult™ Basal Medium 
(STEMCELL Technologies, France) supplemented with 
10% (v/v)  MesenCult™ Stimulatory Supplement (STEM-
CELL Technologies, France) and 1% antibiotic-antifungal 
(v/v, Sigma-Aldrich, Germany). UC-MSC propagated to 
the 3rd–8th passages were characterized using accepted 
MSC-positive markers anti-CD73, CD90, and CD105 (BD 
Pharmingen, BD Biosciences, CA, USA), negative hemat-
opoietic markers anti-CD45, CD34, CD11b, CD19, and 
HLA-DR (BD Stemflow PE hMSC Negative Cocktail, BD 
Biosciences, CA, USA) and cellular viability (BD 7-AAD, 
BD Biosciences, CA, USA) by flow cytometry (BD FAC-
SCalibur™ Flow Cytometer; BD Biosciences, CA, USA) 
(data not shown).

Cell line culture

PCa cell lines PC3 and LNCaP were cultured in RPMI-1640 
medium (VWR, Biowest, P0860-N10L, USA) supplemented 
with 10% of FBS (Gibco, Life technologies, 10,270, USA) 
and 1% penicillin/streptomycin (Gibco, Life technologies, 
10,270, USA). HPEpiC cell line was cultured in Prostate 
Epithelial Cell Culture Medium (Innoprot, P60129, Spain) 
supplemented with 2% of FBS (Gibco, Life technologies, 
10,270, USA), 1% of Prostate Epithelial Cell Growth Sup-
plement (Innoprot, Spain) and 1% penicillin/streptomycin 
(Innoprot, Spain).

Prostate cell lines treatment with UC‑MSC 
secretome and CBS

Cord blood was transferred into the processing bag set which 
is placed in the AXP Device and then centrifuged. During 
centrifugation, component stratification and separation 
occurs. Red blood cells (RBC) are transferred to a separate 
sterile bag, the buffy coat which contains the mononuclear 
cell rich layer is delivered to a separate sterile freezing bag 
while the plasma remains in the processing bag [37]. After-
wards, the plasma was collected and centrifuged to remove 
all debris and stored at – 20 °C for subsequent treatments.

After primary culture, UC-MSC were propagated and 
allowed to reach confluence. Then, cultures were washed 
with HBSS (Hanks' Balanced Salt solution) and incubated in 
serum-free Dulbecco’s modified Eagle’s medium (DMEM). 
After 24 h, the conditioned medium was harvested from the 
UC-MSC cultures, spun for 5 min at 300 g and the super-
natant was stored at – 20 °C for the subsequent treatments.
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Treatments were performed for 24 h, using a final con-
centration of 10%, 20% and 25% of CBS or 25%, 50%, 75% 
and 100% of UC-MSC secretome. All treatments were per-
formed in serum-free media and accomplished after a starva-
tion period of 4 h.

Cytotoxicity assay

PC3 (1 ×  105 cells/mL), LNCaP (2 ×  105 cells/mL) and 
HPEpiC (1 ×  105 cells/mL) were cultured and submitted 
to the different treatments. Then, MTT [3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide] (Abcam, 
Cambridge, UK) was incubated at a final concentration of 
0.5 mg/mL with incomplete cell culture medium for 3 h 
at 37 °C and 5%  CO2. The absorbance was then measured 
using a microplate reader at 570 nm (Multiskan  Ascent®, 
ThermoFisher Scientifics). Results were performed in trip-
licates and normalized to the control treatment (considered 
to be 100%).

Proliferation assay

The BrdU kit from Roche Diagnostics was used to perform 
the colorimetric bromodeoxyuridine (BrdU) assay (Rotkreut, 
Switzerland), which evaluates the capacity of proliferat-
ing cells incorporate the BrdU. Briefly, PC3 (1 ×  105 cells/
mL), LNCaP (2 ×  105 cells/mL) and HPEpiC (1 ×  105 cells/
mL) were seeded and submitted to treatment period with 
0.01 mM BrdU for 24 h. Optical density of proliferating 
cells was measured at 660 nm. Results were performed in 
triplicates and normalized as a percentage of the control 
treatment.

Injury assay

Injury assay was used to evaluate cell migratory parameters 
such as speed and cell motility. For that, PC3, LNCaP and 
HPEpiC were seeded until confluence and then wounded 
with a pipette tip. After that, treatments were applied, and the 
injured cell monolayer was photographed at a magnification 

of 100 × with an inverted microscope (Nikon Instruments 
Inc., Melville, USA). The migrating distance was imaged 24 
or 48 h after treatment, and the scratch closure was calcu-
lated by measuring the damage width with Image J software 
(U. S. National Institutes of Health, Bethesda, USA).

mRNA extraction

Total RNA was extracted using  NZYol® (Life Technologies 
Invitrogen, USA), according to the manufacturer’s instruc-
tions. Briefly, PC3 (4 ×  105 cells/mL), LNCaP (8 ×  105 cells/
mL) and HPEpiC (4 ×  105 cells/mL) were seeded, treated, 
and then subjected to extraction using NZYol. Total RNA 
was then separated from other organic components with 
chloroform, precipitated in isopropanol, washed with 75% 
ethanol, and sequentially solved in DEPC-treated  H2O 
(Life Technologies Fishersci, USA). RNA purity was meas-
ured in nanodrop microplate spectrophotometer (Thermo 
 Scientific™ Multiskan SkyHigh Microplate Spectrophotom-
eter, Life Technologies Fishersci***, USA) by A260/A280 
and A260/A230 ratio to verify RNA integrity.

One‑step RT‑qPCR

Gene expression was estimated measuring the mRNA from 
cell extraction by real-time quantitative PCR (RT-qPCR) 
with  qTOWER3 (Analytik Jena, GER), using One-step 
NZYSpeedy RT-qPCR Green kit (NZYTech, Portugal). 
Accordingly, 10 ng/µL RNA were employed, and the thresh-
old cycle (TC) values from each biological assay were plot-
ted with two experimental replicates for each biological sam-
ple, following the manufacturer's procedure. Melting curve 
analysis was used to monitor the specificity of primers, and 
results were normalized to GAPDH expression. Table 1 lists 
the primers sequences used.

Statistical analysis

One-way analysis of variance (ANOVA), followed by pair-
wise comparisons with Bonferroni’s post-hoc test was used 
to evaluate the effects of different concentrations of CBS or 

Table 1  Set of primer 
sequences for the one-step 
multiplex RT-qPCR

Gene Primer forward Primer reverse

AKT1 TTC TGC AGC TAT GCG CAA TGTG TGG CCA GCA TAC CAT AGT GAG GTT 
PI3K GGT TGT CTG TCA ATC GGT GAC TGT GAA CTG CAG TGC ACC TTT CAAGC 
p53 CAG ATC CGT GGG CGTGA CAT CCT TGA GTT CCA AGG CCT CAT TC
IL-1β ACC TAG CTG TCA ACG TGT GG TCA AAG CAA TGT GCT GGT GC
IL-6 TGT GTG AAA GCA GCA AAG AGG TTT TCA CCA GGC AAG TCT CC
IL-10 TGA AAA CAA GAG CAA GGC CG ATA GAG TCG CCA CCC TGA TG
18 s ACC GCA GCT AGG AAT AAT GGA CCT CAG TTC CGA AAA CCA 
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UC-MSC secretome in each cell line. For the comparison 
between two conditions in each treatment, an independ-
ent t Student’s test was performed. Normality distribution 
of data and the homogeneity of variance were assessed 

by the Shapiro–Wilk and the Levene’s tests, respectively. 
All data are expressed as a % of control and are presented 
as mean ± SD. Statistical significance was assumed when 
p < 0.05.

Fig. 1  Functional assays under UC-MSC secretome. A Cytotoxicity 
rate in HPEpiC, PC3 and LNCaP cell lines and B proliferation rate 
in HPEpiC, PC3 and LNCaP cell lines for 0%, 25%, 50%, 75% and 
100% UC-MSC secretome concentration. C Motility rate in HPEpiC, 
PC3 and LNCaP cell lines in the UC-MSC secretome concentration 

of 100%. D Migratory evaluation of HPEpiC, PC3 and LNCaP cell 
lines in the UC-MSC secretome concentration of 100%. Symbols 
above bars represent statistical significance (*p < 0.05; **p < 0.01; 
***p < 0.001; ****p < 0.0001)
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Results

Functional evaluation of prostate cell lines 
under UC‑MSC secretome influence

To evaluate the effect of UC-MSC secretome, cells were 
incubated with different concentrations. Cell viability, prolif-
eration and migration were assessed after treatment in each 
cell line. Results are depicted in Fig. 1.

Concerning cell viability, depicted in Fig. 1A, in HPEpiC 
cell line no statistical differences were found between tested 
concentrations and control group. In PC3 cell line, UC-MSC 
decreases viability in a dose-dependent manner. In the con-
centration of 25%, a reduction of 24.9 ± 9.0% was observed 
and in the concentration of 50%, a reduction of 72.3 ± 10.1% 
was found (p < 0.05 vs. control group). Moreover, a reduc-
tion of cell viability was observed in the concentration of 
75% and 100% in 52.0 ± 11.6% and 50.1 ± 8.6%, respectively 
(p < 0.0001 vs. control group). For LNCaP cell line, only the 
concentration of 100% of UC-MSC secretome led to a sig-
nificant decrease of cell viability in 32.5 ± 15.6% (p < 0.01 
vs. control group), with the other concentrations not reflect-
ing a statistical difference compared to the control group.

Regarding cell proliferation represented in Fig.  1B, 
HPEpiC cell line shows no statistical differences between 
tested concentrations and control group once again. PC3 
cell line shows a reduction of proliferation rate in all con-
centrations tested, noteworthy in the concentration of 25% 
and 50% in 16.4 ± 8.8% and 17.2 ± 2.8%, respectively 
(p < 0.05 vs. control group), in the concentrations of 75% in 
21.3 ± 8.2% (p < 0.01 vs. control group) and in the concentra-
tion of 100% in 24.7 ± 7.2% (p < 0.001 vs. control group). In 
LNCaP cell line, the concentration of 75% leads to a reduc-
tion of 28.4 ± 6.8% (p < 0.05 vs. control group) and in the 
concentration of 100% decreases in 40.5 ± 10.5% (p < 0.001 
vs. control group), with no statistical differences in the con-
centration of 25% and 50%.

Since the UC-MSC secretome concentration of 100% 
shows the higher reduction in viability and proliferation of 
tumoral cell lines, with no effect on normal prostate epithe-
lial cell line, this concentration was employed to evaluate 
the effect in the migratory capacity of the three cell lines, 
depicted in Fig. 1C. In HPEpiC cell line, no statistical dif-
ferences were found between the control group and the 
under UC-MSC secretome. In PC3 cell line, a reduction of 
26.4 ± 16.5% was found in the presence of 100% secretome 
from stem cells (p < 0.05 vs. control group) and in LNCaP, 
a reduction of 40.9 ± 16.7% was observed (p < 0.001 vs. 
control group). Figure 1D represents the migratory process 
observed for the three cell lines, where control group of 
tumor cell lines migrates faster throughout the monolayer 
wound compared to the cells under UC-MSC secretome, 

contrary to what is observed for HPEpiC where cells from 
both experimental groups showed similar cell migration.

Functional evaluation of prostate cell lines 
under CBS influence

After the treatment period with different concentrations 
of CBS, cell viability, proliferation and migration were 
assessed in each cell line to evaluate the effect of treatment. 
Results are depicted in Fig. 2.

Cell viability is depicted in Fig. 2A. In HPEpiC cell line, 
20% and 25% shows a decrease of viability in 88.6 ± 5.0% 
and 86.4 ± 9.9%, respectively (p < 0.001 vs. control group), 
while the concentration of 10% shows no statistical differ-
ence. In PC3 cell line, CBS decreases viability in the con-
centration of 20% and 25% with a reduction of 30.5 ± 21.7% 
(p < 0.05 vs. control group) and 43.6 ± 15.4% (p < 0.01 vs. 
control group), respectively; moreover, no statistical dif-
ferences were found in the CBS concentration of 10%. In 
LNCaP cell line, only the concentration of 25% decreased 
the cell viability with statistical significance in 28.6 ± 15.4% 
(p < 0.01 vs. control group).

In terms of cell proliferation shown in Fig. 2B, results 
followed the observed tendency of cell viability. In 
HPEpiC cell line, the higher concentrations of CBS, 20% 
and 25%, reduced the proliferation rate in 35.9 ± 7.1% and 
43.7 ± 11.1%, respectively (p < 0.01 vs. control group). In 
PC3 cell line, every CBS concentration tested leaded to a 
reduction in cell proliferation: the 10% of CBS decreased 
cell proliferation in 17.7 ± 9.5% (p < 0.05 vs. control group), 
the 20% concentration of CBS reduced in 27.1 ± 11.5% 
(p < 0.01 vs. control group) and the concentration of 25% 
CBS diminished cell proliferation in 37.6 ± 8.7% (p < 0.001 
vs. control group). Identically to PC3 cell line, the LNCaP 
cell line have presented a reduction of cell proliferation in 
tested concentrations of CBS: in the concentration of 10% 
and 20% the reduction of cell proliferation is 15.0 ± 6.3% 
and 17.6 ± 7.0%, respectively (p < 0.01 vs. control group), 
and in the concentration of 25%, cell proliferation is reduced 
in 22.4 ± 4.1% (p < 0.001 vs. control group).

Based in the fact that 10% of CBS did not have a sta-
tistical significance in the HPEpiC cell line viability and 
proliferation, and once this cell line is a normal prostate 
epithelial cell line, this concentration was chosen to evaluate 
the effect of CBS in the migratory capacity of the three cell 
lines, depicted in Fig. 2C. In HPEpiC cell line, no statis-
tical significance was observed after the treatment period. 
On the other hand, in the tumor cell lines, statistical differ-
ences were found in PC3 cell line, a reduction of migratory 
capacity was observed, with a reduction in 31.3 ± 26.1% 
compared to the control group (p < 0.05 vs. control group); 
in the LNCaP cell line, the migratory capacity decrease in 
40.9 3 ± 17.0% compared to the control group (p < 0.001 
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Fig. 2  Functional assays under CBS concentrations. A Cytotoxicity 
rate in HPEpiC, PC3 and LNCaP cell lines. B Proliferation rate in 
HPEpiC, PC3 and LNCaP cell lines. C Motility rate in HPEpiC, PC3 
and LNCaP cell lines in the CBS concentration of 10%. D Migratory 

evaluation of HPEpiC, PC3 and LNCaP cell lines in the CBS concen-
tration of 10%. Symbols above bars represent statistical significance 
(*p < 0.05; **p < 0.01; ***p < 0.001)
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vs. control group). Figure 2D represents the migratory pro-
cess observed for the three cell lines, where control group 
of tumor cell lines migrates faster throughout the monolayer 
wound compared to the cells under CBS. Contrary to what 
is observed for HPEpiC where cells from both experimental 
groups showed similar cell migration.

Gene relative expression of signaling 
and inflammatory pathways

After treatment exposure, total RNA was extracted from 
each cell line and then used to relative quantification of 

signaling intermediates for cell proliferation, survival, and 
growth pathways (AKT, PI3K and p53), as well as to quan-
tify pro and anti-inflammatory cytokines (IL-1β, IL-6 and 
IL-10). Results are depicted in Fig. 3.

Concerning AKT expression, although no statistical 
differences were found in HPEpiC cell line, PC3 shows a 
reduction of gene expression only in UC-MSC treatment 
in 5.9 ± 2.6% and LNCaP presents a reduction of gene 
expression in CBS treatment with a reduction of 4.6 ± 1.5% 
(p < 0.05 vs. control group). In terms of PI3K expression, no 
differences were found in HPEpiC cell line; in LNCaP cell 
line, a reduction of gene expression was found in UC-MSC 

Fig. 3  Gene relative quantification in HPEpiC, PC3 and LNCaP cell 
lines. A AKT. B PI3K. C p53. D IL-1β. E IL-6. F IL-10. Bars colors 
in (A)–(E) represents studied groups: groups:  Control group;  

100% of UC-MSC;  10% of CBS. Symbols above bars represent 
statistical significance (*p < 0.05; **p < 0.01)
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treatment in 4.8 ± 2.2% and in both tumor cell lines, a reduc-
tion in gene expression was observed in CBS treatment in 
4.8 ± 3.1% in PC3 cell line and 6.2 ± 2.3% in LNCaP cell 
line (p < 0.05 vs. control group). Regarding p53 expres-
sion, HPEpiC cell line shows a reduction of its expres-
sion under UC-MSC treatment in 32.2 ± 6.9% (p < 0.05 vs. 
control group) and no statistical differences were founded 
in CBS treatment; PC3 cell line presented an increase of 
this gene expression in both treatments, with an increase 
in 37.3 ± 9.0% in UC-MSC treatment (p < 0.05 vs. control 
group) and in 45.5 ± 3.5 in CBS treatment (p < 0.01 vs. con-
trol group); in LNCaP, an increase of gene expression was 
observed in UC-MSC treatment in 5.1 ± 4.4 (p < 0.05 vs. 
control group) and no statistical differences were found in 
CBS treatment.

Observing IL-1β expression, although no statistical dif-
ferences were found in HPEpiC and PC3 cell line, LNCaP 
shows a reduction of gene expression in both treatments, 
with a decrease in 4.1 ± 3.4% in UC-MSC treatment and 
6.5 ± 4.5% in CBS treatment (p < 0.05 vs. control group). 
Concerning IL-6 expression, in HPEpiC cell line no statis-
tical differences were reported except upon the CBS treat-
ment, where a reduction of 26.6 ± 11.6% was observed 
compared to the control group (p < 0.05 vs. control group); 
in PC3 cell line, both treatments reduced the expression 
of this gene, with a decrease in 12.3 ± 4.0% in UC-MSC 
treatment and in 11.4 ± 5.8% in CBS (p < 0.01 vs. control 
group); the same behavior was observed in LNCaP cell 
line, where both treatments decreased IL-6 expression in 
8.2 ± 2.8% in UC-MSC (p < 0.01 vs. control group) and in 
5.8 ± 4.7% in CBS (p < 0.05 vs. control group). Regarding 
IL-10 expression, no statistical differences were found in 
HPEpiC cell line; in LNCaP cell line, the UC-MSC treat-
ment enhance this gene expression in 9.2 ± 4.9% and in 
both PCa cell lines (PC3 and LNCaP), CBS treatment led 
to an increase of this gene expression in 5.2 ± 4.8% for 
PC3 and in 7.7 ± 7.5% for LNCaP (p < 0.05 vs. control 
group).

Discussion

The main findings of the present study are fourfold. First, 
UC-MSC secretome and CBS are able to significantly 
decrease cell viability, cell proliferation, inhibit the migra-
tory behavior and decrease PI3K/AKT activation of both 
androgen-nonresponsive and androgen-sensitive human 
prostate adenocarcinoma cell lines. Second, the decrease 
of PI3K and AKT gene expression by UC-MSC secretome 
occurs differently in a cell-line dependent manner whereas 
CBS only impaired PI3K gene expression in PC3 PCa 
cells. Third, treatment of the PCa cell lines with UC-MSC 
secretome or CBS induced p53 wild type gene upregulation 

suggesting a regulatory effect on cell-cycle network. Finally, 
UC-MSC secretome decreased the expression of proin-
flammatory cytokines while increasing anti-inflammatory 
cytokines mRNA levels in cancer cells but not in normal 
human prostate epithelial cell line.

PCa impacts on the daily lives of men and imposes a high 
burden on health systems. Human UC-MSC are adult stem 
cells characterized by their low immunogenicity with high 
potential to be used for the development of novel therapeu-
tic strategies as well as to be used as in vitro model [30]. 
Cumulative evidence has indicated that adult stem cells may 
be effective therapeutic tools for regenerative medicine and 
cancer therapy [30, 31].

Recent reports showed that UC-MSC have an intrinsic 
ability to attenuate the growth of several types of cancer 
cells [32–34]. Compared to bone marrow MSC, UC-MSCs 
have numerous advantages, including an improved expan-
sion capacity, painless collection procedures, a lower risk 
of viral contamination and the fact that they are a possible 
source for autologous cell therapy [35]. Apart from direct 
cell differentiation and replacement therapy, UC-MSC 
release multiple bioactive proteins and compounds and 
secrete extracellular vesicles containing several regulatory 
factors [10]. Therefore, UC-MSC secretome and regulatory 
factors involve a strong paracrine component, leading to 
cell-free therapeutics in oncology.

This study uses techniques such the viability, proliferation 
and migration assessment to verify the reduction of tumoral 
features. The direct impact of the treatments in viability 
may be linked to cell death inducement or can be connected 
to the reduction in the proliferation capacity. Additionally, 
the evaluation of the migratory rate suggests the treatment 
potential to stimulate differences in cell motility, which 
are crucial for phenomena such as metastasis, characteriz-
ing PCa behavior. The results demonstrated that UC-MSC 
secretome and CBS are able to significantly decrease cell 
viability, cell proliferation, inhibit the migratory behavior 
and decrease PI3K/AKT activation of both cancer cell lines 
(LNCaP and PC3), even though 25% and 50% of UC-MSC 
secretome seemed to enhance the viability of the LNCaP cell 
line, which can derive from the secretome richness in metab-
olites and favorable factors (such as growth factors) that can 
activate proliferation pathways in this particular cell lines, 
overwhelming the anti-tumoral effects. Moreover, the neu-
roimmune network regulates tumor microenvironment and 
affect tumorigenesis, the molecules secreted by tumor micro-
environment cells may activate signaling pathways with con-
tradictory outcome such as tumor prone microenvironment 
[38]. Since the concentration of 100% UC-MSC secretome 
was the most promising to reduce tumor features without 
affecting the normal cell line, it was then hypothesized that 
UC-MSC secretome may interfere with the growth of tumor 
cells through regulating cell cycle arrest in different phases. 
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These outcomes also suggest that the anticancer effect of 
UC-MSC secretome could depend on the specific cell types 
since UC-MSC secretome exerted marked effects in LNCaP 
when compared to PC3, which could be explained by the 
differences between both cell lines. PC3 is an androgen-
nonresponsive grade IV prostate adenocarcinoma with high 
metastatic potential while LNCap is an androgen-sensitive 
human prostate adenocarcinoma cell line thus, more respon-
sive to external stimuli than PC3 cells. These are promis-
ing findings because this treatment affected both PCa cell 
lines with no significant changes in normal epithelial cells 
(HPEpiC cell line). In fact, the proliferation enhancement 
tendency observed both with the use of CBS and UC-MSC 
secretome for HPEpiC cell line may be caused by the higher 
expression of the PI3K gene, which is directly involved 
in the proliferation capacity [39]. On the other hand, the 
higher concentrations of CBS led to higher cell death rates 
of HPEpiC cells. This effect can be the result of the accumu-
lation of inflammatory factors or other molecules with the 
capacity to activate cell death pathways present in the CBS. 
In several cancers, PI3K/AKT pathway is overactive [39], 
thus reducing apoptosis and enhancing proliferation. In fact, 
aberrant PI3K/AKT pathway intermediates have putative 
roles in drug resistance development in PCa. Prostate tumors 
become resistant to androgen-deprivation therapy, unblock-
ing the tumors ability to use the androgens to grow [39]. The 
results demonstrate that both UC-MSC secretome and CBS 
are able to significantly decrease PI3K/AKT activation in 
both LNCaP and PC3 cell lines, but in different ways. UC-
MSC secretome decreases PI3K and AKT gene expression 
in LNCaP and PC3 cell lines, respectively. However, CBS 
was able to decrease both PI3K and AKT mRNA levels in 
LNCaP cell line but only significantly impaired PI3K gene 
expression in PC3. Furthermore, both UC-MSC secretome 
and CBS were able to increase p53 wild type gene expres-
sion, suggesting a marked effect on cell-cycle regulation. 
In fact, both UC-MSC and CBS factors were able to sig-
nificantly decrease proliferation and increase apoptosis only 
in malignant prostate cells. Besides that, the fact that only 
UC-MSC secretome leads to a decrease in P53 expression 
in HPEpiC cell line can be connected to the fact that this 
secretome is reach in nutritive metabolites for the cells that 
inhibits the exacerbated activation of metabolic pathways 
that are regulated by the mentioned gene, such as lipogenic 
pathways, remaining with the use of basic metabolism such 
as glycolysis.

MSC are able to modulate the tumor microenvironment 
by several distinct mechanisms such as direct cell–cell inter-
actions, or in a paracrine manner, through the secretion of 
cytokines and chemokines among stem cells and cancer cells 
[40, 41].

Considering the evaluation of the inflammatory cas-
cades, the results showed that the UC-MSC secretome 

decreased the expression of proinflammatory cytokines 
while increasing anti-inflammatory cytokines mRNA 
levels. UC-MSC secretome did not affect the cytokine 
expression profile in HPEpiC cells and its effect was more 
noticeable in LNCaP than in PC3 cell line. PC3 cells are 
generally regarded as more aggressive than the LNCaP 
cell line, which can explain the differences in cytokine 
modulation by UC-MSC. These results corroborate the 
well-established UC-MSC effects towards inflamma-
tion. UC-MSC have the ability to modulate the immune 
system inhibiting immune cells proliferation, such as T 
cells and B cells; inducing macrophages switch from pro-
inflammatory phenotypes to more anti-inflammatory phe-
notypes and reduce inflammation by secreting IL-10 and 
IL-4 [42]. UC-MSC also suppress the secretion of inflam-
matory factor IL-1β, TNF-α and IL-8, reducing inflam-
mation and oxidative stress, thus suppressing cell apop-
tosis [43, 44]. CBS was also able to modulate cytokine 
expression profile. CBS has therapeutic advantages over 
adult rich-platelet plasma since it contains higher levels 
of anti-inflammatory factors. In fact, adult rich-platelet 
plasma contains more pro-inflammatory molecules which 
subsidize inflammation and aggravate pre-existent patho-
physiological conditions [34]. Moreover, CBS contains 
several types of growth factors, cytokines and other immu-
nomodulatory factors that can act on the proliferation, dif-
ferentiation and function of immune and many other cells 
such as fibroblasts [45]. However, this study shows that 
CBS increased IL-10 gene expression in both cell lines 
and decreased IL-1β in LNCaP and IL-6 mRNA levels 
in both cell lines, promoting an anti-inflammatory pro-
file similarly to UC-MSC secretome. Although protein 
expression levels were not evaluated in this study, strong 
correlations between mRNA and protein levels have been 
previously demonstrated by numerous studies for malig-
nant cell lines [46, 47] [48]. In fact, the activation of the 
PI3K/AKT/mTOR signaling pathway showed similar pat-
tern of expression either in mRNA or protein. Comparable 
correlations between mRNA expression and protein levels 
have also been described for IL-1β [49–52], Il-10 [53], and 
Il-6 [54]. Therefore, it is our conviction that the changes in 
mRNA levels found translate to a high extent to changes 
at the corresponding protein levels.

Conclusion

Our results disclose that UC-MSC secretome and CBS 
reduce malignant prostate cell lines aggressiveness. The syn-
ergic effects on PCa survival, motility, and immunomodu-
lation, allied to the cell-free nature of MSC secretome and 
CBS, support the beneficial effects of both CBS and UC-
MSC-released factors. Moreover, UC-isolated MSCs have 
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numerous advantages, when compared to those harvested 
from the bone marrow, including an improved expansion 
capacity, easier collection procedures, and lower risks of 
contamination, and they represent a possible source for 
autologous cell therapy, standing as a novel milestone in the 
development of active CB and UC-MSC secretome-derived 
anti-cancer biopharmaceutical formulations.

Further studies regarding the impact of the treatments 
on death signaling pathways of cancer cell lines, as well as 
the characterization of both UC-MSC secretome and CBS 
can potentially lead to the discovery of novel therapeutic 
methodologies to be used as non-cell-based cancer therapies.
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