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Abstract: Wharton jelly mesenchymal stem cells (WJ-MSCs) are able to differentiate into different
cell lineages upon stimulation. This ability is closely related to the perfect balance between the
pluripotency-related genes, which control stem-cell proliferation, and genes able to orchestrate the
appearance of a specific phenotype. Here we studied the expression of stemness-related genes,
epigenetic regulators (DNMT1, SIRT1), miRNAs (miR-145, miR-148, and miR-185) related to stemness,
exosomes, the cell-cycle regulators p21 (WAF1/CIP1) and p53, and the senescence-associated genes
(p16, p19, and hTERT). Cells were cultured in the presence or absence of the human hepatocarcinoma
cell line HepG2-exhausted medium, to evaluate changes in stemness, differentiation capability, and
senescence sensibility. Our results showed the overexpression of SIRT1 and reduced levels of p21
mRNA. Moreover, we observed a downregulation of DNMT1, and a simultaneous overexpression of
Oct-4 and c-Myc. These findings suggest that WJ-MSCs are more likely to retain a stem phenotype and
sometimes to switch to a highly undifferentiable proliferative-like behavior if treated with medium
exhausted by human HepG2 cell lines.

Keywords: stem cells; cellular mechanisms; miRNA; exosomes; stemness genes; stem cell
differentiation and proliferation

1. Introduction

Human mesenchymal stem (or stromal) cells are multipotent elements, capable of restoring tissue
function after injuries [1]. In particular, stem cells from Wharton jelly (WJ-MSCs) represent a valuable
model of these multipotent cells, and can be easily obtained without ethical issues [2,3].
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The use of WJ-MSCs is emerging in allogenic transplantation for different kinds of patients, due
to their immunomodulatory properties [4,5]. Interestingly, in recent months, intravenous infusion
of allogenic WJ-MSCs has been successfully used for the treatment of patients with COVID-19
pneumonia [6–8].

The precise combination of signals needed to influence cell fate is highly intricate and not fully
understood yet. However, the differentiation of pluripotent stem cells (such as induced pluripotent
stem cells (iPSCs) or embryonic stem cells) provides an affordable and streamlined way to reveal the
minimum extracellular signals sufficient to specify a given cell type. Moreover, while the influence
of specific molecules or conditioned media (secretome) on MSCs cultured in vitro and in animal
models is largely, how these cells might react to the paracrine effect of cancer cells in vivo is still
unclear [9]. In fact, the behaviors of stem cells and their reprogramming indicate a pathway in which
cellular stemness and carcinogenesis seem to be caused by the same sequence of mechanisms. Sox2,
c-Myc, and Oct4 are the main genes involved in cell reprogramming [10,11]. These factors are indeed
used for iPSC generation [12,13]. Several studies have shown that reprogramming factors are closely
related to various human cancers, including breast cancer, colorectal cancer, and liver cancer [14–17].
Expression of transcription factors associated with the maintenance of stemness might be related to a
poor prognosis and a significantly shorter total survival [15–17]. However, the mechanism underlining
the activation of these genes is not clear. c-Myc belongs to a family of regulators and proto-oncogenes
encoding for essential nuclear transcription factors. c-Myc mainly regulates cell growth, proliferation,
differentiation, cell cycle, metabolism, survival, and apoptosis, as well as tumorigenesis [18–20].
Moreover, it controls tumor cell fate by inducing stemness and blocking cellular senescence and
differentiation, and also orchestrating changes in the tumor microenvironment [21–25].

Oct-4 is a transcription factor [26–30] associated with the pluripotent properties of stem cells, crucial
in controlling early stages of mammalian embryogenesis [30–32]. In addition, as a key stem-cell marker,
Oct-4 is also involved in lineage specification and in the reprogramming of somatic cells in vitro [33,34].
Oct-4 is also re-expressed in different types of cancer stem cells, which are clusters of tumor cells at the
origin of tumor resistance to chemotherapy and tumor recurrence [34]. Epigenetic changes are likely
to play critical roles in both stemness and tumorigenesis [35–39]. Lineage-specific DNA methylation
patterns, which are established during embryonic development, are generally faithfully maintained in
differentiated adult cells. Within this context, DNA (cytosine-5)-methyltransferase 1 (DNMT1) exerts a
key role, catalyzing DNA methylation. It is encoded by the DNMT1 gene [23–26].

Previous studies have shown that DNA methyltransferase (DNMT1) inhibitors and treatment with
histone deacetylase (SIRT1) modifiers could significantly increase the efficiency of the reprogramming
process, and also of carcinogenesis [35].

The contribution of niches to the onset and progression of tumors is not clear. Niches are distinct
regions within the tumor microenvironment which maintain the main properties of cancer stem cells
(CSCs), preserving their phenotypic capability, protecting them from the environment, and ultimately
facilitating their metastatic potential [33–35].

In the present study, we evaluated the effects elicited by medium exhausted using the human
HepG2 tumor cell line [37–39] on the specific cellular and molecular behaviors of WJ-MSCs, in the
attempt to reproduce in vitro a modified environment (niche) able to induce a dysregulation in
stem-cell proliferation/differentiation. Nevertheless, these special microenvironments, also described
in hepatic tissue, consist of different cell types, eliciting a paracrine effect, as well as the extracellular
matrix (ECM) scaffold [37–39]. Within this context, other authors previously described that hepatic
progenitor cells (HPCs), able to differentiate toward different lineages, like multipotent stem cells, may
be transformed into cancer stem cells able to lead to hepatocarcinoma tumorigenesis, and that HPC
niches or microenvironments are able to ultimately define cell fate [40].

Here, we analyzed the specific role of the cell-cycle arrest/progression compartment by evaluating
the expression of the following genes: p21 (WAF1/CIP1), p19 (ARF), p16 (INK4A), p53, and hTERT.
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We also evaluated the expression of stemness-related genes NANOG, Oct-4, SOX2, and c-Myc, and
epigenetic modulator genes DNMT1, SIRT1, and GAPDH.

In a previous paper, we revealed that some microRNAs cooperate with stemness genes to influence
WJ-MSCs’ plasticity [41–43]. MicroRNAs are post-transcriptional mediators of gene expression and
regulation, and also play influential roles in tumorigenesis and cancer metastasis.

Extracellular miR-145 was recently detected in exosomes or microvesicles isolated from body
fluids [41–43]. In particular, miR-145, together with miR-185 and miR-148, seems to be involved in a
range of tumorigenic functions, such as the regulation of cell proliferation, differentiation, apoptosis,
and metastasis [41–43]. Here, we analyzed the expression of miR-145, miR-185, and miR-148 both in
WJ-MSCs and in exosomes of culture media [43–46].

2. Materials and Methods

The study included umbilical cords (n = 12) retrieved from healthy full-term women between 25
and 35 years old, recruited according to the following criteria: spontaneous birth, and donors free from
drugs, smoking, and diseases. All the experiments were performed twice (in three technical replicates),
separately for each of the 12 samples.

2.1. WJ-MSC Isolation and Culture

Fresh human umbilical cords (n = 12) from both sexes were collected after natural childbirths
at the Gynecologic and Obstetric Clinic of the University of Sassari. The patients gave written
informed consent according to the approval of this study by the Ethics Committee (Ethical Clearance
N. 0021565/2018, 22/03/2018, Commissione Etica CNR). The umbilical cords were collected in
phosphate-buffered saline (PBS) supplemented with 200 U/mL penicillin (Euroclone, Milano, Italy), 200
mg/mL streptomycin (Euroclone, Milano, Italy), and 4 mg/mL amphotericin B (Gibco Life Technologies)
prior to storage at 4 ◦C for further WJ-MSC isolation. Tissues were dissected into small pieces and
then digested with collagenase type I (2 mg/mL) Sigma at 37 ◦C for 16–18 h with agitation. After
neutralization of the enzyme with 10% fetal bovine serum (FBS) (Life Technologies, Grand Island, NY,
USA) and filtering (70 µm cell strainer) (Euroclone, Milano, Italy), samples were centrifuged at 600×
g for 10 min and cultured in a basic medium (BM), Dulbecco’s modified Eagle’s Medium (DMEM)
(Life Technologies Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS) (Life
Technologies, Grand Island, NY, USA), 200 mM l-glutamine (Euroclone, Milano, Italy), and 200 U/mL
penicillin–0.1 mg/mL streptomycin (Euroclone, Milano, Italy), and cultured in T25 flasks at 37 ◦C with
5% CO2 and saturated humidity for 10–14 days [44]. After 48 h of incubation, cultures were washed
with PBS and kept in the fresh medium. The culture medium was changed every 3 days. When
cells reached 80–90% confluence, they were harvested using 0.25% Trypsin EDTA (Euroclone, Milano,
Italy), counted and transferred into new flasks. WJ-MSCs were immunomagnetically sorted for c/kit
using a monoclonal anti-c/kit (CD117) antibody (Miltenyi Biotech, Minneapolis, MN, USA) directly
conjugated to microbeads (Miltenyi Biotech). The WJ-MSCs used in this study were characterized by
flow cytometry as previously described [45–48].

2.2. HepG2

HepG2 cells were cultured as previously described [37–39]. Cells secrete many plasma proteins,
such as albumin and fibrinogen, acute-phase proteins, alpha 2-macroglobulin, alpha 1-antitrypsin,
transferring plasminogen, insulin-like growth factor-binding protein 1, alpha-fetoprotein, and
others [37–39]. The HepG2 cells were seeded in a basic medium (BM), Dulbecco’s Eagle’s Medium
(DMEM) (Life Technologies Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS)
(Life Technologies, Grand Island, NY, USA), 200 mM l-glutamine (Euroclone, Italy), and 200 U/mL of
penicillin – 0.1 mg/mL of streptomycin (Euroclone, Milan, Italy), and cultured in incubator at 37 ◦C
with 5% CO2 and saturated humidity for 7 days [37]. When the cells reached 80–90% confluence, the
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waste medium was collected, after which 1 mL of HepG2 [37–39] waste medium was filtered and
added to 25 cm2 flasks containing WJ-MSCs.

2.3. Treatment and Preparation of WJ-MSCs

The WJ-MSCs were then expanded in a modified base medium (BM), Dulbecco’s Eagle’s
Medium (DMEM) (Life Technologies Grand Island, NY, USA) integrated with 1 mL of HepG2
waste medium [37–39]. The flasks were placed in the culture incubator at 37 ◦C with 5% CO2 and
saturated humidity for 7 days. After 7 days of incubation, the cultures were collected using 0.25% of
EDTA trypsin (Euroclone, Milan, Italy), counted, and RNA was extracted.

2.4. RNA Extraction and Quantitative Polymerase Chain Reaction

After treatment, total RNA was isolated using TRIzol®reagent and quantified by measuring the
absorbance at 260/280 nm (NanoDrop 2000, spectrophotometer Thermo Scientific ND8008, Thermo
Fisher Scientific, Waltham, MA, USA). Approximately 1 µg of total RNA was reverse-transcribed
to cDNA by SuperScript®VILO™ cDNA Synthesis Kit (Life Technologies, Grand Island, NY, USA).
Quantitative polymerase chain reactions were performed using a CFX Thermal Cycler (Bio-Rad) in
triplicate (Applied Biosystems), incubated under standard qRT-PCR conditions (50 ◦C for 2 min, 95 ◦C
for 2 min, and then cycled at 95 ◦C for 15 s, 55–59 ◦C for 30 s, and 60 ◦C for 1 min, for 40 cycles), according
to the qRT-PCR protocol specified in the Quantitative PCR Master Mix with Power SYBR®Green.
For each reaction, 0.1 µM of each primer, and 3 µL cDNA generated from 1 µg of the total RNA
template were mixed in 25 µL volumes and added. Target Ct values were normalized to HPRT1 [45–47],
considered as a reference gene, while the gene levels of stem cells were expressed as fold-change
(2−∆∆Ct) relative to the gene levels observed when stem cells reached 80% confluence before starting
treatment. Each experiment included a distilled water control. The qRT-PCR analysis was performed
for the following set of genes: NANOG, Oct-4, SOX2, c-Myc, DNMT1, p21 (WAF1 / CIP1), p19 (ARF),
p16 (INK4A), p53, and hTERT. All primers used (Invitrogen) are described in Table 1.

Table 1. Primer sequences.

Primer Name Forward Reverse

P16 CAACGCACCGCCTAGTTACGG AACTTCGTCCTCCAGAGTCGC
P19 GCCTTCGGCTGACTGGCTGG TCGTCCTCCAGAGTCGCCCG
P21 CAAAGGCCCGCTCTACATCTT AGGAACCTCCATTCACCCGA
P53 TGGCCTTGAAACCACCTTTT AACTACCAACCCACCAGCCAA

Oct-4 GAGGAGTCCCAGGACATCAA CATCGGCCTGTGTATATCCC
SOX2 CCGTTCATGTAGGTCTGCGAGCTG CAACGGCAGCTACAGCATGATGC

NANOG CATGAGTGTGGATCCAGCT CCTGAATAAGCAGATCCAT
c-Myc GGACGACGAGACCTTCATCAA GCACCGAGTCGTAGTCGAG

GAPDH GAGTCAACGGATTTGGTCGTGA CTCCTTGGGCCGCGCATCAT
DNMT1 CGTCCGAGCGTCACACA GAGCCTTTGCCATTCTTCGC
SIRT1 CATTTCCATGGCGCTGAGG TGCTGGTGGAACAATTCCTGT

2.5. RNA Extraction and Quantitative Polymerase Chain Reaction for miRNA

RNA was extracted from cells using Mirvana MIRNA ISO Kit 10-40ISO (Life Technologies)
according to the manufacturer’s instructions, with a final elution volume of 15 µL. Three individual
miRNAs (hsa-miR-148a-3p, hsa-miR-185-3p, and hsa-miR-145-5p) were selected based on amplification
efficiency and previous studies by other authors [49].

2.6. Exosome Experiments

Exosomes were isolated from WJ-MSC waste medium using total exosome isolation reagent
(Invitrogen). The experiments were performed after 1 and 7 days of culture. Samples were then
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processed for hsa-miR-148a-3p, hsa-miR-185-3p, and hsa-miR-145-5p extraction and amplification with
real-time PCR, as previously described [49].

2.7. Quantitative-PCR Analysis

The concentration level of mature miRNAs was tested by quantitative real-time PCR (qPCR) using
TaqMan® MicroRNA Reverse Transcription Kit, (Life Technologies) for the reverse transcription.
TaqMan® Universal Master Mix II, Life Technologies, was used for the PCR according to the
manufacturer’s instructions; 45 amplification cycles were performed. miRNA concentration levels
were quantified using the IQ5 BIORAD instrument, (Milan, Italy). The U6snRNA was used for data
normalization [50]. Real-time PCR was done in duplicate. The sequences and the identification
symbols were retrieved from miRbase and are reported in Table 2.

Table 2. miRNA collection: accession number, symbol, sequence, and identification number used in
this study of miRNA.

Accession ID Number Symbol Sequence

MIMAT0000437 hsa-miR-145-5p GUCCAGUUUUCCCAGGAAUCCCU
MIMAT0000243 hsa-miR-148a-3p UCAGUGCACUACAGAACUUUGU
MIMAT0004611 hsa-miR-185-3p AGGGGCUGGCUUUCCUCUGGUC

2.8. Gene Expression: Statistical Analysis and Real-Time PCR Data Analysis

The Kruskal–Wallis test was applied to compare the groups (male and female) for each target. The
statistical analysis was performed with the SPSS software version 17.0. Reverse transcription followed
by polymerase chain reaction (RT-PCR) is the most suitable method for the detection and quantification
of mRNA. It provides high sensitivity, good reproducibility, and a wide range quantification. Several
mathematical algorithms have been developed to calculate a ratio of expression based on real-time
PCR efficiency and the crossing point deviation of an unknown sample against a control. A software
tool named REST© (relative expression software) [51] was used, which compares two or more groups
and different reference and target genes. The mathematical model used was based on the correction
for exact PCR efficiencies and the mean crossing point deviation between sample group(s) and control
group(s). Subsequently the expression ratio results of the investigated transcripts were tested for
significance using a pairwise fixed reallocation randomization test and plotted using standard error
(SE) estimation via a complex Taylor algorithm. Expression variation for each gene was visualized in a
box-and-whisker plot. In this study, the relative expression of the mRNAs was analyzed using REST
software [51]. The non-parametric bootstrapping test was used to evaluate expression differences
between treated and untreated samples.

2.9. miRNA: Statistical Analysis and Real-Time PCR Data Analysis

The raw Ct values for each miRNA and U6snRNA were checked for normal distribution. The
Kruskal–Wallis test was applied to compare the groups in each target. All the analyses were performed,
and graphics generated using SPSS software version 17.0. A software tool named REST© (relative
expression software) [51] was used to compare two groups, with a maximum of 16 data points in
a sample and 16 in a control group, for reference and up to four target genes. The non-parametric
bootstrapping test was used to evaluate concentration differences of miRNAs between male and
female samples. Data were analyzed using Statistical Package for the Social Sciences version 13
software (SPSS Inc., Chicago, IL, USA). Krustal–Wallis rank sum and Wilcoxon signed-rank tests were
applied to evaluate the distributions of each group variance at different times of observation, assuming
p-values < 0.05 as statistically significant. WJ-MSCs before and after treatment with HepG2-exhausted
medium were compared with untreated cells by statistical analysis. Intrasexual analyzes were also



Cells 2020, 9, 1890 6 of 15

conducted to compare the results between control cells and cells under study. Continuous parametric
variables were analyzed using Student’s unpaired t-test.

2.10. Immunostaining

Treated and control cells were seeded at the concentration of 10,000 cells/well in 8-well Falcon
culture slides (BD Falcon, BD Biosciences, Bedford, MA, USA). Once attached, cells were fixed with 4%
paraformaldehyde (Sigma Aldrich Chemie GmbH, München, Germany) for 30 min at room temperature.
After permeabilization by 0.1% Triton X-100 (Life Technologies, USA)-PBS, cells were washed three
times for 5 min each in PBS and incubated with 3% bovine serum albumin (BSA)–0.1% Triton X-100 in
PBS (Life Technologies, USA) for 30 min. Cells were then exposed overnight at 4 ◦C to the primary
anti-rabbit anti-GAPDH antibody (Cell Signaling Technology, Danvers, MA, USA) and anti-mouse
anti-Sirt1 antibody (Cell Signaling Technology, Danvers, MA, USA). Finally, cells were washed two
times in PBS for 5 min each and stained for 1 min at 37 ◦C in the dark with the fluorescence-conjugated
goat anti-rabbit and anti-mouse IgG secondary antibodies (Life Technologies, Carlsbad, CA, USA).
Nuclei were labeled with 1 µg/mL 4,6-diamidino-2-phenylindole (DAPI). All microscopy analyses
were performed with a confocal microscope (TCS SP5, Leica, Nussloch, Germany).

2.11. Alizarin Red Assay

Cells were cultured for 21 days on 24 well tissue culture plates (BD-falcon, BD Biosciences,
Bedford, MA, USA), in the presence of StemPro™ Osteogenesis Differentiation Kit (TRT) medium (Life
Technologies, USA) or basic growing medium (CTRL). The positive control for osteogenic differentiation
(CTRL+) was represented by WJ-MSCs cultured in osteogenic medium. After 21 days, cells were fixed
with 10% formalin for 15 min at RT, washed three times in distilled water (ddH2O), and then were
stained with 2% alizarin red S solution (Santa Cruz Biotechnology, Dallas, Texas, USA) for 20 min at RT.
Cells were thoroughly washed several times in ddH2O and observed by light microscopy to analyze
calcium deposition.

3. Results

3.1. Gene Expression

Here, we investigated the relative expression levels of the c-Myc, Oct-4, DNMT1, NANOG, SIRT1,
p53, SOX2, GAPDH, p21waf1, p19, p16, and TERT genes in WJ-MSCs before and after treatment with
HepG2-exhausted medium. The results of the analysis performed with the Normfinder software
suggested HTRP1 as the normalizer (data not shown). We performed a comparison between the
expression levels of these genes in WJ-MSCs exposed to HepG2-exhausted medium and untreated
WJ-MSC samples used as controls.

Figures 1 and 2 show that there are no significant differences in the expression levels of SOX2,
NANOG, GAPDH, p19, p16, TERT, and SOX2 between treated WJ-MSCs as compared to untreated
WJ-MSCs. On the other hand, the expression levels of c-Myc, Oct-4, and SIRT1 were significantly
increased in treated WJ-MSCs as compared to untreated WJ-MSCs (Figure 1). It is noteworthy that
the expression levels of p21, p53, and DNMT1 were decreased in treated WJ-MSCs as compared to
untreated WJ-MSCs (Figures 1 and 2). The expression levels of p19, p16, p53, and TERT did not show
significant differences between the two groups of WJ-MSCs, exposed or not to HepG2-exhausted
medium (Figure 2).

3.1.1. miRNA

Statistical analysis showed that data were not normally distributed. We analyzed three
miRNAs—miR-145-5p, miR-148a-3p, and miR-185-3p—using U6snRNA as a normalizer. Statistical
analysis supported our decision to use U6snRNA as a normalizer for PCR analysis in real time, due to
its greater stability between groups of samples [49]. The Kruskal–Wallis test showed no significant
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differences in WJ-MSCs before and after treatment with HepG2-exhausted medium [37–39], for the
expression of miR-145 and miR-148 (Figure 3). On the other hand, the relative expression of miR-185-3p
was significantly decreased in treated cells as compared to untreated cells (Figure 3).Cells 2020, 9, x 7 of 16 
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3.1.2. Exosomes

Figure 4 show that miR-145 was less expressed in exosomes isolated from exhausted-medium-
treated WJ-MSCS as compared to untreated cells soon after one day of treatment. The same miRNA
could not be detected in the medium of treated WJ-MSCs after a week, while being still present in
untreated control WJ-MSCs. The expression levels of miR-148 and miR-185 detected in the exosomes
did not show any significant differences between treated and untreated WJ-MSCs. Our results showed
that miR-145 was not expressed in exosomes isolated from HepG2-exhausted medium. (Figures 4
and 5).
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3.1.3. Immunostaining

The results showed the expression and localization of GAPDH and SIRT1 in control and treated
cells. GAPDH was detected both in the cytosol and in the nuclei of both cells. Nevertheless, as shown
in Figure 5, it was clearly evident that in treated cells, GAPDH was mainly located in the cytoplasm
with a higher expression. Sirt1 was found in the cytoplasm of treated cells, while in untreated control
samples Sirt1 was found mainly in the nucleus (Figure 5).

3.1.4. Alizarin Red Assay

After 21 days of differentiation, the morphology of treated WJ-MSCs (TRT) was evaluated by light
microscopy (Leica, Nussloch, Germany). Figure 6 shows that TRT cells cultured in the presence of
the osteogenic conditioned medium did not acquire the typical morphology of mature osteocytes, as
compared to positive control cells (CTRL+), in which intracellular calcium deposition was evident.
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3.1.5. Optical Microscope Analysis

We observed progressive phenotypical changes after 10 days in culture when stem cells were
cultured with HepG2-exhausted medium (Figure 7).
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4. Discussion

WJ-MSCs are becoming an interesting tool for allogenic transplantation in different kinds of
disease, and also for COVID-19 complications [6–8]. Therefore, understanding the behavior of MSCs
within the recipient tissues could be of great interest in assessing the safety of this kind of procedure.
As reported by other authors, progenitor cells’ microenvironments could influence their potential
malignant transformation [40]. Here, we reveal important results on the potential influence of HepG2
hepatocarcinoma cells on WJ-MSCs’ features and malignant transformation.
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4.1. c-Myc’s Power

Other authors found that the overexpression of c-Myc increases the expression of SIRT1. c-Myc
is able to induce SIRT1 transcription by binding to its promoter [52–57]. SIRT1 is a Class III histone
deacetylase (HDAC) involved in gene regulation, maintaining genome stability, apoptosis, autophagy,
senescence, aging, and tumorigenesis [52–57]. Several authors have highlighted a dual role of SIRT1 as
both a tumor suppressor and a tumor promoter [52–57]. SIRT1 contributes to cell survival through
inhibition of GAPDH translocation in the nucleus [58]. GAPDH is an enzyme of the glycolytic
pathway, acting in the cytoplasm. It lacks any nuclear localization signal; nevertheless, it translocates
to the nucleus via its interaction with the E3 ubiquitin ligase Siah [59]. SIRT1 prevents the nuclear
translocation of GAPDH in response to apoptotic stress via a direct interaction [59]. The nuclear
translocation of GAPDH is important for the cell signaling that activates apoptosis [59,60]. Moreover,
SIRT1 inhibits the expression of p53-regulated genes, such as p21 (WAF1/CIP1) [52–60], by inducing
p53 deacetylation, thus preventing cell senescence and apoptosis [52–60]. p21 is a cell-cycle inhibitor
that promotes both CDK/cyclin inhibition and cell-cycle arrest during the G1/S phase [61,62]. Our
results showed a path in which WJ-MSCs exposed to medium exhausted by HepG2 cells exhibited an
increase in the expression levels of c-Myc, SIRT1, and GAPDH, and a simultaneous decrease in p53 and
p21 gene expression (Figure 2). These results confirmed that the overexpression of SIRT1 is able to
inhibit the p53/p21cip pathway and some related events, such as cell differentiation [61,62]. Here, we
highlight that p21 downregulation in treated WJ-MSCs (as compared to untreated controls) is related to
an increase in cell proliferation, further implied by the greater expression of the stemness gene c-Myc,
able itself to inhibit p21 [62,63].

We also observed a downregulation of the expression of the epigenetic regulating gene DNMT1
(Figure 1). On the other hand, no significant differences in SOX2 or NANOG gene expression were
observed between control and treated WJ-MSCs (Figure 1). These results revealed for the first time a
pathway involving the capability of c-Myc to potentiate SIRT1 action, which in turns blocks GAPDH
in the cytoplasm (Figure 5) [52–58]. Furthermore, SIRT1 potentiates the expression of Oct-4 [22,63]
(Figure 1), one of the crucial pluripotency-regulating factors in mesenchymal and embryonic stem
cells [22,63].

Considering previous findings described by other authors [52–58], we hypothesize that the
downregulation of DNMT1 observed in this study (Figure 1) could induce the overexpression of Oct-4
and c-Myc, which, in turn, could enhance SIRT1 gene expression. This event may be responsible for
blocking GAPDH in the cytoplasm (as is clearly shown in Figure 5). As shown by confocal microscopy
analysis (TCS SP5, Leica) higher concentrations of SIRT1 and GAPDH were located in the cytoplasm of
treated cells as compared to untreated control cells, where SIRT1 and GAPDH can be observed mainly
in the nucleus. Furthermore, in treated cells, an increased cell proliferation was observed; this could be
related, as already known, to a greater availability of the glycolytic pathway, and to SIRT1-mediated
downregulation of p53/p21 gene expression (Figure 2), thus counteracting stem-cell senescence [52–58].
These events were further supported by the upregulation of stemness-related genes such as c-Myc
(Figure 1). Our results also showed that treated cells did not undergo differentiation toward the
mesenchymal phenotype when stimulated with the conditioned differentiation medium (Figure 7),
indicating an attempt by the cell to maintain a prolonged “childhood” condition. SIRT1 activation by
c-Myc, together with p53 deacetylation, provides a mechanism able to promote c-Myc-induced cell
proliferation by suppressing apoptosis and senescence.

4.2. MicroRNA’s Power

In the present paper, we also analyzed the expression levels of miR-185, miR-145, and miR-148,
three miRNAs able to interfere with the expression of c-Myc, Oct-4, and DNMT1, which were also
evaluated in our study.

miR-145 may facilitate differentiation by repressing the core pluripotency factors Oct-4 and SOX2,
thus silencing the self-renewal program [40–42,49]. The loss of miR-145 expression in most human
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tumors and cancer cell lines may provide a favorable environment for cell survival [40–42]. Our results
showed that miR-145-containing exosomes could be found in the culturing medium of WJ-MSCs, while
progressively disappearing after cell exposure to HepG2-exausted medium. All the miRNAs analyzed
in our study were mainly retained inside the cells (Figures 3 and 4), being able to regulate stemness
genes, as it was demonstrated by us in previous studies [40–42,49].

In particular, Figures 3 and 4 show a progressive decrease of these miRNAs in treated cells, along
with a progressive loss of their ability to undergo differentiation toward the mesenchymal phenotype
(Figure 6), resembling the maintenance of a “childhood-like” signature. Nevertheless, the upregulation
of miR-185 can lead to cell-cycle arrest [40–42], stopping cell proliferation and leading to a decreased
c-Myc expression. Our results demonstrated a downregulation of miR-185 after treatment with the
HepG2-exhausted medium (Figure 3) confirming the hypothesis of a permissive environment able
to maintain a multipotent and a proliferative phenotype (Figure 8). Our results seem to indicate
that a condition required for cell transformation into a proliferative phenotype is the impairment
of cell commitment and differentiation, and the establishment of a condition of prolonged stemness
beyond the established biological time. We hypothesize that an unfavorable biological environment
may contribute to the dysregulation of normal biological cell homeostasis, as observed by us. Here,
we clearly show that in treated WJ-MSC cultures, some cells seem to present a highly proliferative
phenotype, resembling the behavior of HepG2 cells (Figure 8).Cells 2020, 9, x 12 of 16 
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Following these considerations, we may assume the establishment of an autocrine/paracrine
circuitry first triggered by HepG2-exhausted medium, and then stably maintained.

5. Conclusions

We observed the behavior of stem cells exposed to stimuli deriving from a tumor cell line,
namely HepG2 cells. A greater expression of the stemness-related genes, together with a decrease
of the miRNAs regulating these genes, was clearly evident. We also observed a related increase in
cell proliferation, a stop of differentiation, and a maintenance of stem cell potency. Our aim was
to understand the journey of stem cells towards the maintenance of stemness, which could lead
to a dangerous proliferative phenotype. Further studies are needed in order to understand if our
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experiments could be translated in future clinical applications, for example by introducing plasma
cleaning after tumor removal.

Author Contributions: Conceptualization, F.B. and M.M.; Data curation, F.B., S.C., S.D.G. and A.O.; Formal
analysis, F.B., S.C. and S.D.G.; Investigation, F.B., G.G., S.C. and M.M.; Methodology, F.B., G.G., E.B. and
G.C.; Resources, A.O. and S.D.; Supervision, C.V. and M.M.; Validation, F.B. and S.D.G.; Visualization, S.C.;
Writing–original draft, F.B.; Writing–review & editing, C.V. and M.M. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by “Fondo di Ateneo per la ricerca 2019”.

Acknowledgments: We would like to thank Caterina Serra, Gabriele Ibba, Claudia Piu and the staff of the
Gynecologic and Obstetric Clinic of Sassari University for their kind technical support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Maioli, M.; Basoli, V.; Santaniello, S.; Cruciani, S.; Delitala, A.P.; Pinna, R.; Milia, E.; Grillari-Voglauer, R.;
Fontani, V.; Rinaldi, S.; et al. Osteogenesis from Dental Pulp Derived Stem Cells: A Novel Conditioned
Medium Including Melatonin within a Mixture of Hyaluronic, Butyric, and Retinoic Acids. Stem Cells Int.
2016, 2016, 1–8. [CrossRef] [PubMed]

2. Rinaldi, S.; Maioli, M.; Santaniello, S.; Pigliaru, G.; Ventura, C.; Montella, A.; Sanna, R.; Bandiera, P.; Bagella, L.;
Delitala, A.P.; et al. Amniotic fluid stem cells morph into a cardiovascular lineage: Analysis of a chemically
induced cardiac and vascular commitment. Drug Des. Dev. Ther. 2013, 7, 1063–1073. [CrossRef]

3. Plaks, V.; Kong, N.; Werb, Z. The cancer stem cell niche: How essential is the niche in regulating stemness of
tumor cells? Cell Stem Cell 2015, 16, 225–338. [CrossRef] [PubMed]

4. Montanucci, P.; Pescara, T.; Greco, A.; Leonardi, G.; Marini, L.; Basta, G.; Calafiore, R. Co-Microencapsulation
of human umbilical cord-derived mesenchymal stem and pancreatic islet-derived insulin producing cells: A
new experimental approach for the cell therapy of Type 1 Diabetes Mellitus (T1D). Diabetes/Metab. Res. Rev.
2020, e3372. [CrossRef]

5. Wright, A.; Snyder, L.J.; Knights, K.; He, H.; Springer, N.L.; Lillich, J.; Weiss, M. A Protocol for the Isolation,
Culture, and Cryopreservation of Umbilical Cord-Derived Canine Mesenchymal Stromal Cells: Role of Cell
Attachment in Long-Term Maintenance. Stem Cells Dev. 2020, 29, 695–713. [CrossRef]

6. Qu, W.; Wang, Z.; Hare, J.M.; Bu, G.; Mallea, J.M.; Pascual, J.M.; Caplan, A.; Kurtzberg, J.; Zubair, A.;
Kubrova, E.; et al. Cell-based therapy to reduce mortality from COVID -19: Systematic review and
meta-analysis of human studies on acute respiratory distress syndrome. Stem Cells Transl. Med. 2020, 10.
[CrossRef]

7. Chen, J.; Hu, C.; Chen, L.; Tang, L.; Zhu, Y.; Xu, X.; Chen, L.; Gao, H.; Lu, X.; Yu, L.; et al. Clinical study
of mesenchymal stem cell treating acute respiratory distress syndrome induced by epidemic influenza a
(H7N9) infection, a hint for COVID-19 treatment. Engineering 2020. [CrossRef]

8. Zhang, Y.; Ding, J.; Ren, S.; Wang, W.; Yang, Y.; Li, S.; Meng, M.; Wu, T.; Liu, D.; Tian, S.; et al. Intravenous
infusion of human umbilical cord Wharton’s jelly-derived mesenchymal stem cells as a potential treatment
for patients with COVID-19 pneumonia. Stem Cell Res. Ther. 2020, 11, 1–6. [CrossRef]

9. De Gregorio, C.; Contador, D.; Díaz, D.; Cárcamo, C.; Santapau, D.; Lobos-Gonzalez, L.; Acosta, C.;
Campero, M.; Carpio, D.; Gabriele, C.; et al. Human adipose-derived mesenchymal stem cell-conditioned
medium ameliorates polyneuropathy and foot ulceration in diabetic BKS db/db mice. Stem Cell Res. Ther.
2020, 11, 1–21. [CrossRef]

10. Takahashi, K.; Yamanaka, S. Induction of pluripotent stem cellsfrom mouse embryonic and adult fibroblast
cultures by definedfactors. Cell 2006, 126, 663–676. [CrossRef]

11. Warren, L.; Manos, P.D.; Ahfeldt, T.; Loh, Y.-H.; Li, H.; Lau, F.; Ebina, W.; Mandal, P.; Smith, Z.D.; Meissner, A.;
et al. Highly efficientreprogramming to pluripotency and directed differentiation ofhuman cells with
synthetic modified mRNA. Cell Stem Cell 2010, 7, 618–630. [CrossRef] [PubMed]

12. Rais, Y.; Zviran, A.; Geula, S.; Gafni, O.; Chomsky, E.; Viukov, S.; Mansour, A.A.; Caspi, I.; Krupalnik, V.;
Zerbib, M.; et al. Deterministic directreprogramming of somatic cells to pluripotency. Nature 2013, 502, 65–70.
[CrossRef]

http://dx.doi.org/10.1155/2016/2056416
http://www.ncbi.nlm.nih.gov/pubmed/26880937
http://dx.doi.org/10.2147/DDDT.S44706
http://dx.doi.org/10.1016/j.stem.2015.02.015
http://www.ncbi.nlm.nih.gov/pubmed/25748930
http://dx.doi.org/10.1002/dmrr.3372
http://dx.doi.org/10.1089/scd.2019.0145
http://dx.doi.org/10.1002/sctm.20C0146
http://dx.doi.org/10.1016/j.eng.2020.02.006
http://dx.doi.org/10.1186/s13287-020-01725-4
http://dx.doi.org/10.1186/s13287-020-01680-0
http://dx.doi.org/10.1016/j.cell.2006.07.024
http://dx.doi.org/10.1016/j.stem.2010.08.012
http://www.ncbi.nlm.nih.gov/pubmed/20888316
http://dx.doi.org/10.1038/nature12587


Cells 2020, 9, 1890 13 of 15

13. Polo, J.M.; Anderssen, E.; Walsh, R.M.; Schwarz, B.A.; Nefzger, C.M.; Lim, S.M.; Borkent, M.; Apostolou, E.;
Alaei, S.; Cloutier, J.; et al. A molecular roadmapof reprogramming somatic cells into iPS cells. Cell 2012, 151,
1617–1632. [CrossRef] [PubMed]

14. Xu, N.; Papagiannakopoulos, T.; Pan, G.; Thomson, J.A.; Kosik, K.S. MicroRNA-145 rgulates OCT4, SOX2,
and KLF4 and represses pluripotency in human embryonic stem cells. Cell 2009, 137, 647–658. [CrossRef]
[PubMed]

15. Sommer, C.A.; Stadtfeld, M.; Murphy, G.J.; Hochedlinger, K.; Kotton, D.N.; Mostoslavsky, G. Induced
pluripotent stem cell generation using a single lentiviral stem cell cassette. Stem Cells 2009, 27, 543–549.
[CrossRef] [PubMed]

16. Beer, S.; Zetterberg, A.; Ihrie, R.A.; McTaggart, R.A.; Yang, Q.; Bradon, N.; Arvanitis, C.; Attardi, L.D.; Feng, S.;
Ruebner, B.; et al. Developmental Context Determines Latency of MYC-Induced Tumorigenesis. PLoS Boil.
2004, 2, e332. [CrossRef]

17. Stine, Z.E.; Walton, Z.E.; Altman, B.J.; Hsieh, A.L.; Dang, C.V. MYC, Metabolism, and Cancer. Cancer Discov.
2015, 5, 1024–1039. [CrossRef]

18. Conacci-Sorrell, M.; McFerrin, L.; Eisenman, R.N. An overview of MYC and its interactome. Cold Spring
Harb. Perspect. Med. 2014, 4, a014357. [CrossRef]

19. Dang, C.V. MYC on the Path to Cancer. Cell 2012, 149, 22–35. [CrossRef]
20. Lin, C.-P.; Liu, C.-R.; Lee, C.-N.; Chan, T.-S.; Liu, H.E. Targeting c-Myc as a novel approach for hepatocellular

carcinoma. World J. Hepatol. 2010, 2, 16–20. [CrossRef]
21. Korc, M. Beyond Kras: MYC Rules in Pancreatic Cancer. Cell. Mol. Gastroenterol. Hepatol. 2018, 6, 223–224.

[CrossRef] [PubMed]
22. Gabay, M.; Li, Y.; Felsher, D.W. MYC Activation Is a Hallmark of Cancer Initiation and Maintenance. Cold

Spring Harb. Perspect. Med. 2014, 4, a014241. [CrossRef] [PubMed]
23. Arand, J.; Spieler, D.; Karius, T.; Branco, M.R.; Meilinger, D.; Meissner, A.; Jenuwein, T.; Xu, G.; Leonhardt, H.;

Wolf, V.; et al. In Vivo Control of CpG and Non-CpG DNA Methylation by DNA Methyltransferases. PLoS
Genet. 2012, 8, e1002750. [CrossRef] [PubMed]

24. Ehrlich, M. DNA methylation in cancer: Too much, but also too little. Oncogene 2002, 21, 5400–5413.
[CrossRef]

25. Garzon, R.; Liu, S.; Fabbri, M.; Liu, Z.; Heaphy, C.E.; Callegari, E.; Schwind, S.; Pang, J.; Yu, J.; Muthusamy, N.;
et al. MicroRNA-29binduces global DNA hypomethylation and tumor suppressor gene reexpression in acute
myeloid leukemia by targeting directly DNMT3A and3B and indirectly DNMT1. Blood 2009, 113, 6411–6418.
[CrossRef]

26. Mudbhary, R.; Hoshida, Y.; Chernyavskaya, Y.; Jacob, V.; Villanueva, A.; Fiel, M.I.; Chen, X.; Kojima, K.;
Thung, S.; Bronson, R.T.; et al. UHRF1 overexpression drives DNA hypomethylation and hepatocellular
carcinoma. Cancer Cell 2014, 25, 196–209. [CrossRef]

27. Schöler, H.R.; Balling, R.; Hatzopoulos, A.; Suzuki, N.; Gruss, P. Octamer binding proteins confer
transcriptional activity in early mouse embryogenesis. EMBO J. 1989, 8, 2551–2557. [CrossRef]

28. Youngilyeom, Y.L.; Ha, H.S.; Balling, R.; Schöler, H.R.; Artzt, K. Structure, expression and chromosomal
location of the Oct-4 gene. Mech. Dev. 1991, 35, 171–179. [CrossRef]

29. Boiani, M.; Schöler, H.R. Regulatory networks in embryo-derived pluripotent stem cells. Nat. Rev. Mol. Cell
Boil. 2005, 6, 872–881. [CrossRef]

30. Nichols, J.; Zevnik, B.; Anastassiadis, K.; Niwa, H.; Klewe-Nebenius, D.; Chambers, I.; Schöler, H.R.; Smith, A.
Formation of Pluripotent Stem Cells in the Mammalian Embryo Depends on the POU Transcription Factor
Oct4. Cell 1998, 95, 379–391. [CrossRef]

31. Scholer, H.R. Octamania: The POU factors in murine development. Trends Genet. 1991, 7, 323–329. [CrossRef]
32. Pera, M.F. Defining pluripotency. Nat. Methods 2010, 7, 885–887. [CrossRef] [PubMed]
33. Gafni, O.; Weinberger, L.; Mansour, A.A.; Manor, Y.S.; Chomsky, E.; Ben-Yosef, D.; Kalma, Y.; Viukov, S.;

Maza, I.; Zviran, A.; et al. Derivation of novel human ground state naive pluripotent stem cells. Nature 2013,
504, 282–286. [CrossRef] [PubMed]

34. Lee, J.; Go, Y.; Kang, I.; Han, Y.; Kim, J. Oct-4 controls cell-cycle progression of embryonic stem cells. Biochem.
J. 2010, 426, 171–181. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.cell.2012.11.039
http://www.ncbi.nlm.nih.gov/pubmed/23260147
http://dx.doi.org/10.1016/j.cell.2009.02.038
http://www.ncbi.nlm.nih.gov/pubmed/19409607
http://dx.doi.org/10.1634/stemcells.2008-1075
http://www.ncbi.nlm.nih.gov/pubmed/19096035
http://dx.doi.org/10.1371/journal.pbio.0020332
http://dx.doi.org/10.1158/2159-8290.CD-15-0507
http://dx.doi.org/10.1101/cshperspect.a014357
http://dx.doi.org/10.1016/j.cell.2012.03.003
http://dx.doi.org/10.4254/wjh.v2.i1.16
http://dx.doi.org/10.1016/j.jcmgh.2018.04.009
http://www.ncbi.nlm.nih.gov/pubmed/30105283
http://dx.doi.org/10.1101/cshperspect.a014241
http://www.ncbi.nlm.nih.gov/pubmed/24890832
http://dx.doi.org/10.1371/journal.pgen.1002750
http://www.ncbi.nlm.nih.gov/pubmed/22761581
http://dx.doi.org/10.1038/sj.onc.1205651
http://dx.doi.org/10.1182/blood-2008-07-170589
http://dx.doi.org/10.1016/j.ccr.2014.01.003
http://dx.doi.org/10.1002/j.1460-2075.1989.tb08393.x
http://dx.doi.org/10.1016/0925-4773(91)90016-Y
http://dx.doi.org/10.1038/nrm1744
http://dx.doi.org/10.1016/S0092-8674(00)81769-9
http://dx.doi.org/10.1016/0168-9525(91)90422-M
http://dx.doi.org/10.1038/nmeth1110-885
http://www.ncbi.nlm.nih.gov/pubmed/21030963
http://dx.doi.org/10.1038/nature12745
http://www.ncbi.nlm.nih.gov/pubmed/24172903
http://dx.doi.org/10.1042/BJ20091439
http://www.ncbi.nlm.nih.gov/pubmed/19968627


Cells 2020, 9, 1890 14 of 15

35. Peng, L.; Yuan, Z.; Ling, H.; Fukasawa, K.; Robertson, K.D.; Olashaw, N.; Koomen, J.; Chen, J.; Lane, W.S.;
Seto, E. SIRT1 Deacetylates the DNA Methyltransferase 1 (DNMT1) Protein and Alters Its Activities. Mol.
Cell. Boil. 2011, 31, 4720–4734. [CrossRef]

36. Ferhi, S.; Santaniello, S.; Zerizer, S.; Cruciani, S.; Fadda, A.; Sanna, D.; Dore, A.; Maioli, M.; D’Hallewin, G.
Total Phenols from Grape Leaves Counteract Cell Proliferation and Modulate Apoptosis-Related Gene
Expression in MCF-7 and HepG2 Human Cancer Cell Lines. Molecules 2019, 24, 612. [CrossRef]

37. Bai, Y.; Xue, Y.; Xie, X.; Yu, T.; Zhu, Y.; Ge, Q.; Lu, Z. The RNA expression signature of the HepG2 cell line as
determined by the integrated analysis of miRNA and mRNA expression profiles. Gene 2014, 548, 91–100.
[CrossRef]

38. Cellosaurus Hep-G2 (CVCL_0027)33, 04-Apr-2012. Available online: https://web.expasy.org/cellosaurus/
CVCL_0027 (accessed on 2 July 2020).

39. Franko, A.; Hartwig, S.; Kotzka, J.; Ruoß, M.; Nussler, A.K.; Königsrainer, A.; Häring, H.-U.; Lehr, S.; Peter, A.
Identification of the Secreted Proteins Originated from Primary Human Hepatocytes and HepG2 Cells.
Nutrients 2019, 11, 1795. [CrossRef]

40. Chen, J.; Chen, L.; Zern, M.A.; Theise, N.D.; Diehl, A.M.; Liu, P.; Duan, Y. The diversity and plasticity of
adult hepatic progenitor cells and their niche. Liver Int. 2017, 37, 1260–1271. [CrossRef]

41. Hang, W.; Feng, Y.; Sang, Z.; Yang, Y.; Zhu, Y.; Huang, Q.; Xi, X. Downregulation of miR-145-5p in cancer
cells and their derived exosomes may contribute to the development of ovarian cancer by targeting CT. Int. J.
Mol. Med. 2018, 43, 256–266. [CrossRef]

42. Lei, Z.; Shi, H.; Li, W.; Yu, D.; Shen, F.; Yu, X.; Lu, D.; Sun, C.; Liao, K. miR-185 inhibits non-small cell lung
cancer cell proliferation and invasion through targeting of SOX9 and regulation of Wnt signaling. Mol. Med.
Rep. 2017, 17, 1742–1752. [CrossRef]

43. Takahashi, Y.; Forrest, A.R.R.; Maeno, E.; Hashimoto, T.; Daub, C.O.; Yasuda, J. MiR-107 and MiR-185 Can
Induce Cell Cycle Arrest in Human Non Small Cell Lung Cancer Cell Lines. PLoS ONE 2009, 4, e6677.
[CrossRef] [PubMed]

44. Santaniello, S.; Cruciani, S.; Basoli, V.; Balzano, F.; Bellu, E.; Garroni, G.; Ginesu, G.C.; Cossu, M.L.; Facchin, F.;
Delitala, A.P.; et al. Melatonin and Vitamin D Orchestrate Adipose Derived Stem Cell Fate by Modulating
Epigenetic Regulatory Genes. Int. J. Med. Sci. 2018, 15, 1631–1639. [CrossRef] [PubMed]

45. Balzano, F.; Campesi, I.; Cruciani, S.; Garroni, G.; Bellu, E.; Giudici, S.D.; Angius, A.; Oggiano, A.; Rallo, V.;
Capobianco, G.; et al. Epigenetics, Stem Cells, and Autophagy: Exploring a Path Involving miRNA. Int. J.
Mol. Sci. 2019, 20, 5091. [CrossRef] [PubMed]

46. Basoli, V.; Santaniello, S.; Cruciani, S.; Ginesu, G.C.; Cossu, M.L.; Delitala, A.P.; Serra, P.A.; Ventura, C.;
Maioli, M. Melatonin and Vitamin D Interfere with the Adipogenic Fate of Adipose-Derived Stem Cells. Int.
J. Mol. Sci. 2017, 18, 981. [CrossRef] [PubMed]

47. Rinaldi, S.; Maioli, M.; Santaniello, S.; Castagna, A.; Pigliaru, G.; Gualini, S.; Margotti, M.L.; Carta, A.;
Fontani, V.; Ventura, C. Regenerative treatment using a radioelectric asymmetric conveyor as a novel tool in
antiaging medicine: An in vitro beta-galactosidase study. Clin. Interv. Aging 2012, 7, 191–194. [CrossRef]

48. Balzano, F.; Bellu, E.; Basoli, V.; Dei Giudici, S.; Santaniello, S.; Cruciani, S.; Facchin, F.; Oggiano, A.;
Capobianco, G.; Dessole, F.; et al. Lessons from human umbilical cord: Gender differences in stem cells from
Wharton’s jelly. Eur. J. Obstet. Gynecol. Reprod. Boil. 2019, 234, 143–148. [CrossRef]

49. Balzano, F.; Deiana, M.; Giudici, S.D.; Oggiano, A.; Baralla, A.; Pasella, S.; Mannu, A.; Pescatori, M.; Porcu, B.;
Fanciulli, G.; et al. miRNA Stability in Frozen Plasma Samples. Molecules 2015, 20, 19030–19040. [CrossRef]

50. Maioli, M.; Rinaldi, S.; Pigliaru, G.; Santaniello, S.; Basoli, V.; Castagna, A.; Fontani, V.; Ventura, C. REAC
technology and hyaluron synthase 2, an interesting network to slow down stem cell senescence. Sci. Rep.
2016, 6, 28682. [CrossRef]

51. Pfaffl, M.W.; Horgan, G.W.; Dempfle, L. Relative expression software tool (REST©) forgroup-wise comparison
and statistical analysis of relative expression results in real-time PCR. Nucleic Acids Res. 2002, 30, 9. [CrossRef]

52. Jin, Q.; Yan, T.; Ge, X.; Sun, C.; Shi, X.; Zhai, Q. Cytoplasm-localized SIRT1 enhances apoptosis. J. Cell. Physiol.
2007, 213, 88–97. [CrossRef] [PubMed]

53. Faller, Y.D.A.D.V. Transcription Regulation by Class III Histone Deacetylases (HDACs)—Sirtuins. Transl.
Oncogenomics 2008, 1, 53–65. [CrossRef] [PubMed]

54. Tanno, M.; Sakamoto, J.; Miura, T.; Shimamoto, K.; Horio, Y. Nucleocytoplasmic Shuttling of the
NAD+-dependent Histone Deacetylase SIRT1. J. Boil. Chem. 2006, 282, 6823–6832. [CrossRef]

http://dx.doi.org/10.1128/MCB.06147-11
http://dx.doi.org/10.3390/molecules24030612
http://dx.doi.org/10.1016/j.gene.2014.07.016
https://web.expasy.org/cellosaurus/CVCL_0027
https://web.expasy.org/cellosaurus/CVCL_0027
http://dx.doi.org/10.3390/nu11081795
http://dx.doi.org/10.1111/liv.13377
http://dx.doi.org/10.3892/ijmm.2018.3958
http://dx.doi.org/10.3892/mmr.2017.8050
http://dx.doi.org/10.1371/journal.pone.0006677
http://www.ncbi.nlm.nih.gov/pubmed/19688090
http://dx.doi.org/10.7150/ijms.27669
http://www.ncbi.nlm.nih.gov/pubmed/30588186
http://dx.doi.org/10.3390/ijms20205091
http://www.ncbi.nlm.nih.gov/pubmed/31615086
http://dx.doi.org/10.3390/ijms18050981
http://www.ncbi.nlm.nih.gov/pubmed/28475114
http://dx.doi.org/10.2147/CIA.S33312
http://dx.doi.org/10.1016/j.ejogrb.2018.12.028
http://dx.doi.org/10.3390/molecules201019030
http://dx.doi.org/10.1038/srep28682
http://dx.doi.org/10.1093/nar/30.9.e36
http://dx.doi.org/10.1002/jcp.21091
http://www.ncbi.nlm.nih.gov/pubmed/17516504
http://dx.doi.org/10.4137/TOG.S483
http://www.ncbi.nlm.nih.gov/pubmed/21566744
http://dx.doi.org/10.1074/jbc.M609554200


Cells 2020, 9, 1890 15 of 15

55. Yuan, J.; Minter-Dykhouse, K.; Lou, Z. A c-Myc–SIRT1 feedback loop regulates cell growth and transformation.
J. Cell Boil. 2009, 185, 203–211. [CrossRef] [PubMed]

56. Han, L.; Liang, X.-H.; Chen, L.-X.; Bao, S.-M.; Yan, Z. SIRT1 is highly expressed in brain metastasis tissues of
non-small cell lung cancer (NSCLC) and in positive regulation of NSCLC cell migration. Int. J. Clin. Exp.
Pathol. 2013, 6, 2357–2365.

57. Roth, M.; Chen, W.Y. Sorting out functions of sirtuins in cancer. Oncogene 2013, 33, 1609–1620. [CrossRef]
58. Joo, H.-Y.; Woo, S.R.; Shen, Y.-N.; Yun, M.Y.; Shin, H.-J.; Park, E.-R.; Kim, S.-H.; Park, J.-E.; Ju, Y.-J.; Hong, S.H.;

et al. SIRT1 interacts with and protects glyceraldehyde-3-phosphate dehydrogenase (GAPDH) from nuclear
translocation: Implications for cell survival after irradiation. Biochem. Biophys. Res. Commun. 2012, 424,
681–686. [CrossRef]

59. Schmitz, H.-D. Reversible nuclear translocation of glyceraldehyde-3-phosphate dehydrogenase upon serum
depletion. Eur. J. Cell Boil. 2001, 80, 419–427. [CrossRef]

60. Zhou, N.; Lin, X.; Dong, W. SIRT1 alleviates senescence of degenerative human intervertebral disc cartilage
endo-plate cells via the p53/p21 pathway. Sci. Rep. 2016, 2, 26–28. [CrossRef]

61. Fujino, T.; Yokokawa, R.; Oshima, T.; Hayakawa, M. SIRT1 knockdown up-regulates p53 and p21/Cip1
expression in renal adenocarcinoma cells but not in normal renal-derived cells in a deacetylase-independent
manner. J. Toxicol. Sci. 2018, 43, 711–715. [CrossRef]

62. Wandzioch, E.; Zaret, K.S. Dynamic Signaling Network for the Specification of Embryonic Pancreas and
Liver Progenitors. Science 2009, 324, 1707–1710. [CrossRef] [PubMed]

63. Abbas, T.; Dutta, A. p21 in cancer: Intricate networks and multiple activities. Nat. Rev. Cancer 2009, 9,
400–414. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1083/jcb.200809167
http://www.ncbi.nlm.nih.gov/pubmed/19364925
http://dx.doi.org/10.1038/onc.2013.120
http://dx.doi.org/10.1016/j.bbrc.2012.07.006
http://dx.doi.org/10.1078/0171-9335-00174
http://dx.doi.org/10.1038/srep22628
http://dx.doi.org/10.2131/jts.43.711
http://dx.doi.org/10.1126/science.1174497
http://www.ncbi.nlm.nih.gov/pubmed/19556507
http://dx.doi.org/10.1038/nrc2657
http://www.ncbi.nlm.nih.gov/pubmed/19440234
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	WJ-MSC Isolation and Culture 
	HepG2 
	Treatment and Preparation of WJ-MSCs 
	RNA Extraction and Quantitative Polymerase Chain Reaction 
	RNA Extraction and Quantitative Polymerase Chain Reaction for miRNA 
	Exosome Experiments 
	Quantitative-PCR Analysis 
	Gene Expression: Statistical Analysis and Real-Time PCR Data Analysis 
	miRNA: Statistical Analysis and Real-Time PCR Data Analysis 
	Immunostaining 
	Alizarin Red Assay 

	Results 
	Gene Expression 
	miRNA 
	Exosomes 
	Immunostaining 
	Alizarin Red Assay 
	Optical Microscope Analysis 


	Discussion 
	c-Myc’s Power 
	MicroRNA’s Power 

	Conclusions 
	References

