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ABSTRACT

Aims: Mesenchymal stem cells (MSCs) are the apple of the eye of cancer studies. It was indicated that the secreted factors,
especially released by MSCs, have tumoral or anti-tumoral effects on tumor progression. MSCs obtained from different
sources show different anti-tumoral effects, while MSCs originating from the same source also show different tumoral effects
in different cancer cells. Here, we investigated the anti-tumor effects of soluble factors secreted from palatine tonsil MSCs
(TMSC) as a new source of MSC on human lung carcinoma (A549) and pancreatic cancer (PANC-1) cell lines.

Methods: Conditioned medium (CM) was obtained from TMSCs isolated from palatine tonsil tissue, and the cytotoxic effect
of CM on the growth of A549 and PANC-1 in a dose-dependent manner was demonstrated by MTT analysis. In addition, the
function of CM treatment on the cell cycle status of cancer cells and the apoptosis process were investigated through cell cycle
analysis with propidium iodide (PI) and Annexin-V/PI detection method by flow cytometry analysis, respectively.

Results: We demonstrated that TMSC-CM treatment significantly decreased the viability of A549 and PANC-1 cell lines in a
dose-dependent manner post-48 hours. In addition, CM treatment differentially induced the apoptosis on A549 and PANC-1
cells and also, caused G2/M arrest in the cells.

Conclusion: In light of these findings, our study is the first to show that TMSC-CM has an anti-tumoral effect by stimulating
apoptosis on A549 and PANC-1 cells. These findings reveal that the usage of CM has a cell-free cellular therapeutic potential.
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INTRODUCTION

Cancer remains a serious health problem with
considerable morbidity and mortality rates worldwide
despite the rapid progress in diagnostic and therapeutic
research." Mesenchymal stem cells (MSCs) have
important curative potential because of their self-
renewal and multilineage differentiation properties
and are broadly investigated in tissue engineering
and regenerative medicine.” The use of stem cells in
regenerative medicine has many advantages; however,
the usage also brings with it a series of problems,
such as a low survival rate after transplantation,
immunological responses after administration, and a

vesicles exosomes.* The conditioned medium (CM) as
a cell-free cellular therapy has an important advantage
due to no requirement of donor-recipient compatibility.
Besides, MSC-CMs are more accessible and applicable
because of the requirement of less controlled
conditions for application procedures than stem cells,
which require special production and application
conditions. In addition, they can be easily packaged
and commercialized by freeze-dried or lyophilized,
and they can be accessed and transported more easily
as they eliminate the cryopreservation requirement
compared to cell-based therapy.* Based on all these
properties, CMs are promising candidates for biological

decrease in regenerative potential.”> Recent research has
shown that the therapeutic potential of MSCs is due to
the different paracrine effects that they secrete. Based
on the principle of paracrine signaling mechanism,
MSC conditioned medium (MSC-CM) has intensive
paracrine factors containing a variety of cytokines,
chemokines, growth factors and nano-scale cellular
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pharmaceuticals, but many unknowns remain unclear.’

Stem cells from different sources have been shown to have
the potential to secrete different paracrine factors to treat
a variety of degenerative diseases. The paracrine factors
released from cells vary according to the age of the cells,
culture status, and tissue. Therefore, tissue selection plays
a main role in therapeutic applications using stem cells.**
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Tonsil tissue provided as waste tissue after tonsillectomy
is recommended as an important source of MSC
because of no need for unnecessary surgical procedures
compared to bone marrow and its relatively high
proliferation rate and low immunogenicity properties.®
TMSCs not only show the expression of MSC-specific
cell surface antigens, including CD29, CD44, CD73,
CD90, and CD105, but also have their distinctive
markers, such as CD106, CD108, and CD166, associated
with adhesion, migration, and immunomodulation.”
Besides, the palatine tonsil is important because it
is the secondary lymphoid tissue that provides the
formation of an effective immune response against
antigens. In addition, TMSCs have faster proliferation
and shorter doubling times than other stem cell types,
and also, TMSCs from multiple donors can be used
together. Its stem cell properties are well preserved
and are not damaged after freezing and thawing. These
properties make TMSCs important candidates for stem
cell banking and are advantageous for their use in
regenerative medicine.®

Different studies showing different results have been
carried out to determination of the effects of MSC-CMs
on cancer cell growth>"" CMs obtained from human
lung-derived MSCs suppress tumor cell growth,' human
Wharton’s jelly-derived MSC (WJMSC)-CM did not
show any effect on proliferation and apoptotic potential
of A549 lung cancer cells,”” bone marrow-derived
MSC (BMMSC)-CM has been shown to suppress the
proliferation of lung cancer cells and cause apoptosis on
the tumor cells in vitro."* Another study, evaluating the
anti-cancer effect of the paracrine factors of umbilical
cord-derived MSCs on MCF-7 tumor cells, showed a
dose-dependent cytotoxic effect of MSC secretome on the
breast cancer cell line."* The limited studies are showing
the growth inhibitory effect on TMSC cancer cells.
The study on head and neck squamous cell carcinoma
(HNSCC) cell lines has demonstrated that TMSCs can
cause notably growth inhibitory effects on HNSCC cell
lines through number-dependent increased cell cycle
arrest and apoptosis.’® In the studies of the authors
investigating the effect of TMSC-CM on hematological
cancer cell lines, it was shown that CM induces cell
death in hematological cancers after heat induction of
TMSCs." It causes changes in cancer behavior depending
on the variability of the tumor niche in hematological
and solid cancers." Studies have supported that different
therapeutic responses to the same therapeutic agent occur
in hematological and solid cancers."” In this direction,
in our study, we aimed to determine the concentration-
dependent effects of the secretome released by TMSCs
on the solid cancer cell line proliferation and further
elucidate their anti-cancer properties and mechanism of
function.
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METHODS

The study was carried out with the permission of Ondokuz
May1s University Clinical Researches Ethics Committee
(Date: 08.07.2021 Decision No: 2021/347). All procedures
were carried out in accordance with the ethical rules and
the principles of the Declaration of Helsinki. Human
tonsil derived mesenchymal stem cell isolation

Tonsil tissues were obtained from donors who underwent
tonsillectomy with the approval of the donor and the clinical
research ethics committee. TMSCs were enzymatically
isolated and characterized as described in our previous
study,”” and cultured with DMEM supplemented with
10% Fetal Bovine Serum (FBS, Gibco), and 1% antibiotic-
antimycotic (Sigma Aldrich). Characterization was done in
the second or third passages. Stem cells from passages four
or five were used in the experiments."”

Immunophenotyping of Tonsil Derived Mesenchymal
Stem Cells

Characterization of TMSCs was done based on specific
cell surface antigens. For that, the cells were incubated
with anti-human CD90, CD73, CD166, CD34, and CD45
monoclonal antibodies (Biolegend) according to the
Manufacturer’s directions. Next, the cells were analyzed
by flow cytometry (Cytoflex S, Beckman Coulter).®

Evaluation of Multilineage Differentiation Potential
of Tonsil Derived Mesenchymal Stem Cells

The adipogenic and osteogenic differentiation protocol
was performed as in our previous study.'” Briefly, the
10x10* cells were cultured in the six well plate with
the specific differentiation mediums for 3 weeks. The
differentiation mediums were changed every two days.
Then, the differentiated cells were washed with PBS and
fixed in 4% paraformaldehyde (PFA; Sigma Aldrich).
After fixation, the cells were stained with 2% Oil Red
O (Sigma Aldrich) solution and also, were stained with
2% Alizarin Red S (Sigma Aldrich) at room temperature
(RT). Intracellular lipid droplets for adipogenic
differentiation, and extracellular matrix calcification for
osteogenic differentiation were observed under inverted
microscopy.

Collection of Tonsil Derived Mesenchymal Stem Cells
Conditioned Medium

To collect CM from TMSCs in passage four, the cells were
cultured until 80-90% confluence. Then the cells were
washed with PBS and with serum-free culture medium.
After washing, they were incubated for 48 h in a serum-
free culture medium at 37°C, and CMs were collected.
The cell debris removed with centrifuged at 1500 rpm for
10 min. Afterward, they were passed through a 0.22 pum
filter, aliquoted, and stored at -80°C to be used in the next
experiments.?’
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Cell Lines and Cell Cultures

Human lung carcinoma cell line A549 and pancreatic
carcinoma cell line PANC-1 cells were used in
this study. The cells were cultured with DMEM
supplemented with 10% FBS (FBS; Gibco), and 1%
antibiotic-antimycotic (Sigma Aldrich) at 37°C in 5%
CO2.

MTT Proliferation Assay on Cancer Cells

The Methylthiazolediphenyl-Tetrazolium Bromide
(MTT-Sigma-Aldrich) assay was performed to
determine the effect of TMSC-CM treatment on
cancer cell proliferation. For that, the cancer cells
were seeded on 96-well plates at a density of 10x10°
cells/well. The medium was exchanged for each well
with 100 pl of TMSC-CM (at a ratio of 1:1, 1:2) and
incubated for 48 h. Then, 10 pL of MTT (5 pg/ml
stock solution) was added to each well. After 4 h of
incubation, the formazan crystals were dissolved by
adding 100 pl of solvent solution (0.01 NHCI with
10% SDS; Sigma-Aldrich) and incubated at 37°C
for 16 h. The absorbance values were measured at
a wavelength of 570 nm in a plate reader (BioTek
Epoch). The absorbance data were analyzed using
Prism 7.00 (GraphPad Software, Inc) program
compared to untreated control cells.’” All experiments
were performed in triplicate.

Annexin-V/PI Apoptosis Detection Assay

Apoptotic cell death was performed with FITC-
Annexin-V/ PI detection kits. 5x10* cells were seeded
in 24-well plates and after a day treated with CM at
a ratio of 1:1. Normal culture medium was added to
the control group. After 48 h incubation, the cells
were trypsinized and stained with FITC-Annexin-V
and PI for apoptosis analysis (Invitrogen) according
to the manufacturer’s instructions. The stained cells
were analyzed by flow cytometry."”

Cell Cycle Assay

Cell cycle analysis was performed with flow cytometry
following PI staining. After 48 h post-treatment of
5%10* A549 and PANC-1 cells with TMSC-CM, the
cells were suspended in cold 75% ethanol at -20°C 1 h.
After fixation, cells were washed with PBS and stained
with 50 pg/ml propidium iodide (PI) and 50 pg/ml
RNase A dissolved in 0.5 umL PBS. The stained cells
were analyzed by flow cytometry after incubation at
37°C for 30 min. in the dark."”

Statistical Analysis

The results are expressed as mean + SEM. “2-tailed
Student’s t-test” was used to determine the level of
significance. If the values had p<0.05, the results were
considered statistically significant.

RESULTS

Tonsil Derived Mesenchymal Stem Cells Have Stem
Cell Characteristics

MSCs successfully isolated from palatine tonsil tissues
exhibited typical standard fibroblastic cell morphology
(Figure 1A). One of the characteristic features of MSCs
is their multi-lineage differentiation capacity. The
adipogenic and osteogenic differentiation potentials of
the isolated TMSCs were evaluated by Oil red O and
alizarin red S staining, demonstrating the ability to
differentiate into adipocytes and osteocytes (Figure 1A).
In addition, specific cell surface antigens of sub-cultured
TMSCs up to passage three were determined by flow
cytometry. More than 90% of the cells showed positive
expression levels for the typical MSC antigens CD73,
CD90, and CD166, while markedly low expression levels
were detected for the hematopoietic stem cell markers
CD34 and CD45 (Figure 1B). These results confirmed
the mesenchymal stem cell characteristic of cells isolated
from palatine tonsil tissue."”

TMSC-CM Showed the Anti-proliferative Effect on
A549 and PANC-1 Cancer Cells

To determine the cytotoxic effect of TMSC-CMs on
cancer cell lines, we treated them with CM at two different
concentrations (1:1 and 1:2). Accordingly, the cytotoxic
effects of CMs applied at two different concentrations
after 48 h were evaluated by MTT analysis. The cell
viability was significantly reduced in cancer cells post
the treatment of a 1:1 ratio compared to a 1:2 ratio. For
A549 cells, the cell viability was decreased at 2.6-fold
post-treatment at a ratio of 1:1 compared to the control
and 1:2 ratio CM treatment (p<0.001). Besides, the cell
viability declined approximately 4-fold in PANC-1 cells
post-treatment at a ratio of 1:1 compared to control
(p<0.001). We did not find any significant decrease
in PANC-1 cell viability post-treatment of a 1:2 ratio
(Figure 2). However, It was observed that the application
at a ratio of 1:2 was statistically more effective in A549
cells. These findings demonstrate the dose-dependent
growth inhibitory effect of TMSC-CM on cancer cells.

TMSC-CM Highly Induced Apoptosis in A549 and
PANC-1 Cancer Cells

After indicating the cytotoxic effect of 1:1 CM
concentration on cancer cells by MTT analysis, we
performed the apoptosis assay to understand the
mechanism of the anti-proliferative effect of TMSC-CM
on A549 and PANC-1 cancer cells at this concentration.
After the treatment with CM, no significant differences
were found for the post-apoptotic and necrotic cell
populations in A549 cells, while pre-apoptotic cells
increased  approximately = 2-fold post-TMSC-CM
treatment (P<0.05) (Figure 3A, B).
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Figurel. Characterization of T-MSCs by determination of the multi-lineage potential and cell surface CD markers (A) the microscopic views
of multi-lineage differentiation post specific staining to differentiation types and (scale bar 100 um) (B) the percentage of T-MSCs carrying
CD markers on the cell surface. PE: Phycoerythrin; APC: Allophycocyanin; FITC: Fluorescein isothiocyanate.

Cytotoxicity Analysis of A549 and PANC-1 Cells Post
T-MSC-CM Treatment
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Figure 2. Cytotoxic effect of T-MSC-CM treatment on cancer cell lines. 48 h administration of 1:1 ratio T-MSC-CM significantly reduced cell
viability in A549 and PANC-1 cell lines. n=3. * p<0.05, ** p<0.01 and *** p<0.001.
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Figure 3. The apoptotic effect of T-MSC-CM administration on A549 and PANC-1 cells was determined by flow cytometry after Annexin-V-
PI staining. The flow plots (A) and the quantification results as a graph (B) were shown. T-MSC-CM applied at a ratio of 1:1 induced apoptosis

on cancer cells at different rates. n=3, * p<0.05 and ** p<0.01.
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Figure 4. Cell cycle analysis with PI staining on A549 and PANC-1 cells post T-MSC-CM treatment. The cell cycle arrest of TMSC-CM on
A549 and PANC-1 cancer cells was determined by flow cytometry. The flow plots (A) and the quantification results as a graph (B) were shown.
T-MSC-CM applied at a ratio of 1:1 induced G2/M arrest of the cell cycle on cancer cells. n=3, * p<0.05.
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When the apoptotic effect of TMSC-CM treatment
on PANC-1 cells was examined, a significant increase
(approximately 6.5-fold) in the post-apoptotic cell ratio
(P<0.01) was observed compared to the control group. In
line with this finding, a 28% reduction in PANC-1 viable
cell rate (P<0.01) was detected after TMSC-CM treatment
(Figure 3A, B). We also found that the treatment of
TMSC-CM increased the pre-apoptotic and necrotic
PANC-1 cell ratio at 2.5-fold and 3.8-fold, respectively
(Figure 3A, B). These findings reveal that TMSC-CM
induces apoptosis at different rates in A549 and PANC-1
cancer cells and is more efficient in PANC-1 cells.

A549 and PANC-1 Cells were Arrested in the G2/M
Phase of the Cell Cycle Post-TMSC-CM Treatment

Representative images of cell cycle analysis results for
TMSC-CM are summarized in Figure 4. After treating
A549 cells with TMSC-CM, it was determined that
the cells in the GO/G1 and S phases decreased, and cell
cycle arrest occurred in the G2/M phase. While 29% of
the cells in the control group were in the G2/M phase,
this increased to 36% of the rate cells after treatment. A
similar cell cycle profile was observed in PANC-1 cells as
with A549. After the treatment, a statistically significant
decrease was observed in the number of cells in the GO/
G1 phase. Similarly, there was G2/M cell cycle arrest, but
it was not statistically significant.

DISCUSSION

MSCs have been shown to have anti-tumor effects in vitro
and in vivo cancer models.*** The therapeutic potential
of MSCs is mediated by direct interaction with paracrine
factors released from MSCs.” The latest research has
indicated that the anti-tumor properties of MSCs on
different cancer cells are related to the various factors
released by MSCs.** CMs from MSC cultures have been
shown to have an inhibitory effect on the proliferation
of hepatoma cells. According to the study results,
further treatment of liver cancer cell lines with an MSC-
conditioned medium resulted in decreased expression
of B-catenin, Bcl-2, c-Myc, PCNA, and survivin genes.”'
In the study reported by Eird et al., the effects of MSCs
derived from the human uterine cervix (hUCMSCs)
on different cell types in tumor tissue, including cancer
cells, fibroblasts, and macrophages, were investigated.
The researchers demonstrated that hUCMSCs stimulated
apoptosis and reduced cell proliferation in human breast
cancer cells. In addition, the lyophilized hUCMSCs-
CMs were applied to the MDA-MB-231 cell line, which
exhibits aggressive cancer properties, and as a result,
a dose-dependent inhibition of cell proliferation in
these cells has been demonstrated. Besides, it is known
that cancer-associated fibroblasts are very effective in
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cancer development and aggressiveness. Therefore, the
administration of hUCMSCs-CM to cancer-associated
fibroblasts has resulted in induced apoptosis and
reduction of cell proliferation and migration abilities.”

It was indicated that the anti-tumoral function of MSCs
from different sources was variable as their pro- or anti-
tumor potential both in vitro and in vivo due to the
MSC sources. These different tumoral effects have been
associated with the heterogeneity of MSCs depending
on the used source. Accordingly, it is important to find
alternative MSC sources, which have anti-tumor effects,
for cancer therapeutics.® The anti-tumoral effects of
MSCs and their CMs from different sources have been
studied in divergent solid and hematological cancers.
In the study investigating the effect of human WJ-MSC
secretome on the proliferation of lung cancer cells, it
was determined that WJ-MSC secretome did not have
any important results on tumor cell proliferation and
apoptosis.'?

We applied TMSC-CM on A549 and PANC-1 cells to
determine the tumoral effects of paracrine factors of
MSCs derived from the tonsil, which is a new source of
MSCs and has a high proliferation potential, in our study.
In contrast to the research carried out by Hendijani et al.®
we found that TMSC-CMs reduced cancer cell viability
through the induction of apoptosis in a concentration-
dependent manner. In our study, TMSC-CMs were
treated at a ratio of 1:1 and 1:2 with cancer cells, and a
significant reduction in cancer cell viability was found
at 1:1 concentration treatments by MTT analysis.
These results are similar to the results of Pan et al.* In
addition, we found that TMSC-CM treatments induced
apoptosis in A549 cells. The TMSC-CM treatment also
significantly induced post-apoptotic cell ratio in treated
PANC-1 cells compared to control groups. Interestingly,
this induction found for PANC-1 cells is higher than the
apoptotic induction found for A549 cells. Consistently
with our findings, the study reported by Bagheri et al. in
2021 showed that CMs obtained from bone marrow and
amniotic membrane MSCs (AMMSCs) reduced the cell
viability and the proliferation of squamous carcinoma
cells (SCC) at different rates depending on the source.
Also, CMs induced apoptosis in SCC cell lines depending
on the treatment time.”> AMMSCs downregulated the
expression of cell cycles progression-related genes such
as cyclin and cyclin-dependent kinase in some solid and
hematological cancer cell lines, and thus, they have shown
an anti-proliferative effect through cell cycle arrest in the
GO0/G1 phase.”” In our study, cancer cells were arrested
at the G2/M phase, although there was no statistically
significant difference after treatment with CM. In a
study using the amnion as the source of MSC (AMSC),
the anti-tumoral potential of AMSC-CMs was tested
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on prostate cancer cell lines, and it was reported that a
time-dependent decrease in cancer cell proliferation was
achieved by preventing its progression through the cell
cycle.”® Limited studies are showing the growth inhibitory
effect on TMSC cancer cells. The study on HNSCC cell
lines has shown that TMSCs can stimulate the growth
inhibitory effects on HNSCC cell lines through number-
dependent increased cell cycle arrest and apoptosis.'®
On the other hand, no other study was found reporting
the effect of TMSC-CMs on cancer proliferation. In
our study, we showed that CMs obtained from tonsillar
tissue, as a new source of MSC, induced apoptosis at
different rates in A549 and PANC-1 cell lines depending
on the concentration. Our findings are consistent with
the previously carried out studies on TMSC and cancer
cells. Besides, our study shows consistent results with the
study performed by Li et al. on 2 different lung cancer cell
lines. Researchers reported that BMMSC-CMs decreased
the proliferation in cancer cells due to some secretable
factors and induced apoptosis in vitro. In addition,
in vivo, studies on BALB/c nude mice showed a lower
incidence of tumors when tumor cells were injected into
mice after administration with MSC-CMs compared to
control groups.'*

We suggest that tonsillar tissue is more advantageous as
a source of MSC because bone marrow supply requires a
more invasive and painful procedure. The donor age is an
important parameter in MSC isolation, and the numbers
of MSCs collected from bone marrow are significantly
decreased with donor age.? However, the potential
importance of TMSCs for obtaining more cells before
clinical applications were emphasized due to higher
proliferation capacity and the presence of immune
modulatory properties.*

CONCLUSION

Lung and pancreatic cancers are known as the major
cause of cancer death worldwide. The 5-year survival rate
is still low considering the standard therapies applied in
the clinic. Besides, the standard treatments have very
important side effects. Therefore, new therapeutical
strategies, which have fewer side effects and are better
tolerated, are needed. TMSC-CMs, which are easily
accessible as waste tissue and show a high proliferation
potential, showed anti-proliferative properties by
inducing apoptosis in some solid cancers in our study.
The various paracrine factors released from TMSC-CMs,
such as several chemokines, cytokines, growth factors,
and exosomes as nanometer-sized vesicle, play a key role
in the emergence of this effect. Therefore, the relation
between this therapeutical function and paracrine factors
needs to be investigated in detail.
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