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Abstract

The aim of this study is to suppress the biological properties of tumor cells such as proliferation, apoptosis, cell cycle in 
osteosarcoma cancer cell line by using the secretome obtained from TGF-B1 transfected DP-MSCs. In addition, another goal 
of ours is to induce membrane depolarization in mitochondria in osteosarcoma cancer cell line with TGF-B1-CM. In this 
study, secretomes released from human dental pulp-derived mesenchymal stem cells (hDP-MSCs) with TGF-B1 gene therapy 
were applied on HOS cell lines. Viability, apoptosis, mitochondrial membrane depolarization and cell cycle analyzes were 
performed at 24, 48 and 72 hours after the application. Changes in biological characteristics were measured in the Muse Cell 
Analyzer device according to the product procedure. Statistical analyzes were performed using GraphPad Prism statistical 
software. TGF-B1 transfected DP-MSC secretome (TGF-B1-CM) reduced the number of viable cells in in vitro cultures of HOS 
cells. Apoptosis was induced in HOS cells by administration of TGF-B1-CM. Mitochondrial membrane depolarization assays 
supported the apoptosis results. TGF-B1-CM administration played a role in arresting HOS cells at the G0 / G1 phase of the 
cell cycle. TGF-B1 transfected DP-MSC secretome suppressed osteosarcoma cells in vitro culture. Considering these results, 
further molecular studies targeting signaling pathways can be performed. 
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Introduction

Osteosarcoma is the most common primary malignant 
tumor of bone and has an incidence of approximately one in 
three of a million cases per year worldwide. While it occurs 
primarily in children and adults, the incidence reaches its 
second peak above the age of 50 [1]. Osteosarcomas occur 
at the edges of long bones and metaphyseal growth plates. It 
is commonly seen in the femur, tibia and humerus, and less 
commonly in the jaw and pelvis bones. Osteosarcomas are 
caused by malignancy of osteoblasts that produce immature 
bone or osteoid. Histologically, it is divided into subtypes 

such as conventional, low-grade central, periosteal, parasteal, 
telangiactatic and chondroblastic and small cell form. Some 
of these histological forms exhibit distinct molecular and 
biological behavior [2]. Before the 1970s, surgery was 
generally used in the treatment of osteosarcoma, but with 
only surgery, the life quality of the patients improved by 
approximately 15-17% [3,4]. The transition from surgery 
to chemotherapy has led to a dramatic improvement in 
the prognosis of patients with osteosarcoma. Long-term 
survival rates of less than 20% increased to 65-70% with 
chemotherapy. However, these rates can be increased when 
chemotherapy agents (such as methotrexate, doxorubicin 
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and cisplatin) are administered in high doses. Although 
high doses of chemotherapy agents have a significant effect 
for treatment, exposure of patients to these agents in high 
doses also causes other serious pathological consequences 
and remains a controversial issue today [5]. The introduction 
of biological agents such as Muramil tripeptide and the use 
of additional cytotoxic chemotherapy such as ifosfamide 
did not definitively improve the survival of osteosarcoma 
patients [5]. Recent advances in molecular genetic studies 
of osteosarcoma have shown that they change views about 
the cause of the disease and ongoing therapeutic approaches 
for patients [6]. In this context, the use of cellular therapy 
or cellular secretory products instead of chemotherapy 
agents may be more effective. In recent years, studies 
have been reported stating that the factors released from 
mesenchymal stem cells (MSCs) have anti-tumorigenic 
effects and suggest that these secretion factors can be 
used as therapeutic agents [7]. TGF-Beta plays a dual role 
in cancer depending on the stage, and the dual role here 
indicates the effect that varies from tumor suppressor 
function to oncogenic function. The mechanisms about these 
two aspects of TGF-Beta, which cannot be fully elucidated 
in cancer cells, have caused this situation to be described as 
“TGF- Beta paradox” by researchers. Clarifying the TGF-Beta 
paradox will perhaps be important in understanding many 
of the cancer-related pathways [8-11]. TGF-B1 is a growth 
factor that affects important physiological processes such 
as cell growth, apoptosis, and tissue repair [12]. Instead of 
applying TGF-B1 as a recombinant protein to osteosarcoma 
cancer cells, secreting TGF-B1 from MSCs and applying 
these cells conditional media (TGF- B1-CM) to osteosarcoma 
cancer cells made us think that it would create more tumor 
suppressing effects and the study was basically built on this. 
The aim of this study is to suppress the biological properties 
of tumor cells such as proliferation, apoptosis, cell cycle 
in osteosarcoma cancer cell line by using the secretome 
obtained from TGF-B1 transfected DP-MSCs. In addition, 
another goal of ours is to induce membrane depolarization 
in mitochondria in osteosarcoma cancer cell line with TGF-
B1-CM. We aimed to develop a therapeutic and biological 
product that can be used in osteosarcoma cancer treatments 
and has a better shelf life than cells.

Materials and Methods

Culture of HDP-MSCs

hDPSCs were obtained from Erciyes University Genome 
and Stem Cell Center, Kayseri, Turkey. The cells were thawed 
rapidly in a 37-degree water bath, and were transferred into 
plates at a density of 5,000 cells/cm2 in α-MEM (Biological 
Industries, Beit-Haemek, Israel) supplemented containing 
2 mM L-glutamine (Gibco, USA), 100 U/ml penicillin,100 
μg/ml streptomycin (Lonza, MD, USA), 20% Fetal Bovine 

Serum (Biological Industries, Beit-Haemek, Israel) and 100 
μM L-ascorbic acid 2-phosphate (Sigma-Aldric, USA). All 
the cell cultures were maintained at 37oC in a humidified 
atmosphere containing 5% CO2. The culture medium 
was changed every 2∼3 days, and the cell cultures were 
monitored regularly under an inverted microscope (Leica). 
When the cells reached 70%∼80% confluence, they were 
harvested by using 0.05% Trypsin/EDTA (Lonza, MD, USA) 
and were sub-cultured for further experiments.

Flow Cytometry

The DP-MSCs in the second passage removed from the 
flask base by trypsinization were resuspended in PBS at a 
density of 1x106 cells / ml, then the cells were fixed at room 
temperature for 10 minutes with 10% paraformaldehyde. 
Cells were blocked with 1% BSA (Bovine serum albumin) 
for 1 hour. MSC antibodies (CD90-FITC, CD44-PE, CD105 
PerCP5.5, CD73-APC and CD34-FITC, CD45-PE, CD11b-
PerCP5.5, HLA-DR-APC) (BD Bioscience , Heidelberg, 
Germany) were prepared in 1% BSA . Measurements were 
made using a Navios (BeckmanCoulter, USA) flow cytometry 
device. The data were analyzed with the software KALUZA 
(BeckmanCoulter, USA).

TGF-B1 Transfection to DP-MSCs

TGF-B1 transfected DP-MSCs, which were produced in 
our previous study and whose transfection efficiency was 
determined by us, were used in this study to collect TGF-B1 
transfected DP-MSC secretome [13].

The Preperation of TGF-B1 Transfected DP-
MSCs-Derived Secretome

In the third passage, TGF-B1 transfected DP-MSCs were 
grown in standard growth media until they reached 80% 
confluency. When they reached 80% confluency, standard 
growth media were removed, serum-free fresh medium 
was added and cells were conditioned for 18-24 hours 
in this serum-free medium. At the end of this period, the 
conditioned media from TGF-B1 transfected DP-MSCs were 
collected in 50 ml polypropylene tubes. It was centrifuged at 
3000 x g for 25 min at + 4oC in a refrigerated centrifuge to 
remove dead cells and cellular debris from the environment. 
The supernatant was then transferred to clean tubes. Then, 
the obtained conditional media were filtered with 0.22 µm 
sterile filters.

Culture of HOS Cell Lines

The HOS cell line was supplied cryopreserved by 
purchase as a ready-made cell line from ATCC (ATCC® 
CRL-1543) and cultured according to the product protocol. 
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Therefore, an ethics committee document was not needed in 
our study. Cells were quickly thawed in a 37oC water bath 
and supplemented with 2 mM L-glutamine (Gibco, USA) and 
100 U / ml penicillin, 100 μg / ml streptomycin (Lonza, MD, 
USA) and 10% Fetal Bovine Serum (FBS). It was added to 
flasks at a density of 5000 cells / cm2 in Eagle’s Minimum 
Essential Medium (EMEM). Cells were allowed to grow in 
an incubator at 37oC and humid atmosphere containing 5% 
CO2. The old medium was replaced with fresh medium every 
3 days. When the proliferated cells reached 70% confluency, 
they were removed from the environment by trypsin using 
0.05% Trypsin / EDTA. Thus, subcultures were made up to 
the number of cells required for the tests we will perform in 
further experiments.

Application of Conditional Media on HOS Cell 
Lines

Eagle’s Minimum Essential Medium (EMEM), 10% FBS, 
1% Penicillin-streptomycin and 2mM glutamax were used 
as standard growth culture medium for HOS cell lines. Then, 
conditional media obtained from TGFB1 transfected DP-
MSCs (TGF-B1-CM) were applied on HOS cell lines for 24, 48 
and 72 hours.

Analysis of Viability and Cell Count

Viability percentages of cells were determined with the Muse 
Cell Analyzer (Merck Millipore) cell count and viability kit 
(Muse Count & Viability Kit MCH100102).

Annexin V Assay

HOS cells were inoculated into 6-well culture dishes at 
5000 cells / cm2 in standard growth media. After 24 hours, 
TGF-B1-CM was applied by removing the media from the 
cells. In order to determine the percentage of apoptosis in 
cells at 24, 48 and 72 hours after the application, annexin 
V, a marker that binds to phosphatidylserine released in 
membrane structures in cells undergoing apoptosis, was 
used. Total apoptosis percentages in the cells were measured 
according to the product procedure in the Muse Cell Analyzer 
(Millipore) device operating with flow cytometry logic using 
annexin V and cell death kit (Annexin V and Dead cell kit, 
Muse, Millipore). All experiments were run in triplicate.

Determination of Mitochondrial Membrane 
Depolarization

A cationic and lipophilic dye was used to determine 
the membrane potential of the mitochondrial membrane in 
HOS cells at 24, 48 and 72 hours. Mitochondrial membrane 
depolarization was measured in the Muse Cell Analyzer 
(Millipore) device working with flow cytometry principle 

using the mitochondrial potential test kit (Muse Mitopotential 
Assay kit, MERCK, Millipore). Cells were collected in 
microcentrifuge tubes at 1 x 105 cells. It was diluted in 
a volume of 100 µl with 1 x test buffer in the kit and 95 µl 
cationic-lipophilic dye solution was added. After vortexing 
for a short time, it was incubated for 20 minutes at 37oC in 
an incubator containing 5% CO2. After the incubation, 7-AAD 
reagent was added to each tube to mark dead cells. Then it 
was incubated at room temperature for 5 minutes. Samples 
prepared according to the product protocol were measured. 
All experiments were run in triplicate.

Cell Cycle Assay

HOS cells were inoculated into 6-well culture dishes 
at 5000 cells / cm2 in standard growth media. After 24 
hours, TGF-B1-CM was applied by removing the media 
from the cells. Cells in each group were collected separately 
in microcentrifuge tubes at 24 and 48 hours after the 
application. After washing twice with PBS, the PBS was 
removed by centrifugation at 350 x g for 5 minutes and fixed 
with 70% ethanol for 3 hours at -20°C. After fixation, it was 
washed again with PBS and cells were treated in hypotonic 
buffer solution containing propodium iodide. Then, cell 
numbers and ratios in G1 / G0, S and G2 / M phases were 
measured according to the product procedure by using the 
cell cycle test kit (Cell Cycle Assay kit, Muse, Millipore) using 
the Muse Cell Analyzer (Millipore) device working with flow 
cytometry principle. All experiments were run in triplicate.

Statistical Analysis

Biological activity analyzes among the groups were 
analyzed by un-paired t-tests. Multiple comparison analyzes 
between groups for each test were determined by Multiple 
t-tests. Statistical analysis was performed using the “Graph 
Pad Prism Version 6” statistical software. Data with P <0.05 
were considered statistically significant.
 

Results

Culture and Characterization of DP-MSCs

It was determined that DP-MSCs showed typical 
fibroblastic and star-shaped morphology in culture. 
Flow cytometry analysis showed that DP-MSCs positively 
expressed MSC markers. DP-MSCs were negative in terms of 
hematopoietic stem cell markers (Figure 1).

TGF-B1 Gene Transfection

TGF-B1 Transfected DP-MSCs (13), which were successfully 
produced in our previous study and had 95% transfection 
efficiency, were used in this study (Figure 1).
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Figure 1: Flow cytometry analysis results of DP-MSCs and their morphology in culture after TGF-B1 transfection.

Collection of TGF-B1 Transfected DP-MSCs-
derived Secretome

Sufficient amount of conditional media was successfully 
collected from TGF-B1 transfected DP-MSCs. Conditioned 
media were applied freshly to HOS cell lines. Secretome 
applications to HOS cell lines were successfully performed in 
standard growth media when they reached 80% confluency.

Analysis of Viability and Cell Count

Viability assays significantly decreased cell numbers 
in HOS cell lines treated with TGF- B1-CM, especially at 48 
and 72 hours. The results were statistically significant (p 
<0.05). There was no statistically significant difference when 
compared with the control group at 24 hours (Figure 2). Figure 2: Viability and count analysis in HOS cells and 

TGF-B1-CM treated HOS cells at 24, 48 and 72 hours.
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 Annexin V Assay

While total apoptosis was 0.495% in the control group 
at the 24th hour, it was measured as 21.345% in the TGF-
B1-CM group (p = 0.00201849). After the 48th hour analysis, 
the mean total apoptosis was 16.1% in the control group 

and 21.75% in the TGF-B1-CM group (p = 0.00940457). 
Apoptosis at 72 hours was 8.35% in the control group and 
3.13% in the TGF-B1-CM group (p = 0.00039). At 24 and 48 
hours, apoptosis was significantly induced in HOS cells by 
TGF-B1 transfected DP-MSC-derived secretome (Figure 3).

Figure 3: Percentage of total apoptosis in HOS cells and TGF-B1-CM treated HOS Cells at 24, 48 and 72 hours.

 Mitochondrial Membrane Depolarization

TGF-B1-CM application on HOS cell lines significantly 

increased mitochondrial membrane depolarization at 24, 48 
and 72 hours (Figure 4).

Figure 4: Percentages of mitochondrial membrane depolarization at 24, 48 and 72 hours between groups.
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 Cell Cycle Assay

In HOS cell lines, TGF-B1-CM application caused the 
arrest of HOS cells in the G0 / G1 phase at 24 hours. Both 

the number of cells in the S stage and the percentage of cells 
in the M stage decreased with the application of TGF-B1-CM. 
The decrease in the percentage of cells in the M phase of the 
cell cycle continued in the 48th hour analysis (Figure 5).

Figure 5: Percentage of cells belonging to the phases of the cell cycle at 24 and 48 hours between groups.

Discussion

Acquiring important biological functions by releasing 
the TGF-B signaling pathway by cancer cells has recently 
emerged as a leading area of preclinical and clinical cancer 
research. In early stage tumors, the TGF-B pathway promotes 
cell cycle arrest and apoptosis. In contrast, in advanced 
stages, it promotes tumor progression and metastasis 
by promoting cancer cell motility, invasion, epithelial-
mesenchymal transition (EMT), and cell resilience [14,15]. 
This contradictory dual role is known as the “TGF-B paradox” 
[16]. Osteosarcomas are not only diverse in terms of their 
pathological nature and clinical distribution but also in 
the aspect of the cellular heterogeneity within the tumors. 
Osteosarcoma most commonly develops around the knee 
joint, distal femur, and proximal tibia; the vast majority of 
the patients have already shown micrometastasis at the 

time of diagnosis [17]. It is believed to originate from bone 
mesenchymal cells or osteoprogenitors [18]. The etiology 
of osteosarcoma is currently rather limited, while the 
pathogenesis remains unknown. The unique properties of 
osteosarcoma may be related to either the cell of origin or 
components in the bone marrow microenvironment, such as 
the large amount of transforming growth factor b1 and low 
oxygen tension [19,20]. Once an osteosarcoma germinates in 
the bone, tumor cells secrete factors that initiate osteoclast-
mediated bone destruction, and matrix-derived growth 
factors, especially TGF-B1, are released from bone matrix. 
At this time, osteosarcoma cells also release TGF-B1 directly 
[21,22]. The biological action of the TGF-Beta signaling 
pathway is mediated by type I and type II receptors (TGFBRI 
and TGFBRII) [23]. The canonical pathway involves the 
activation of SMAD paths [24]. TGF-B binds first to TGFBRII, 
which targets and activates TGFBRI [23-25]. It then 
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activates Smad2 / 3 by phosphorylating. Activated SMAD2 
/ 3 combines with SMAD4 and migrates to the nucleus 
to regulate transcription [26]. In addition to the SMAD 
pathway, TGF-B also signals in a number of non-canonical 
pathways, including m-TOR, RhoA, Ras, MAPK, PI3K / AKT, 
PP2A / p70s6K, and JNK [27]. The relative importance and 
interaction of these TGF-B signaling pathways are still under 
investigation [28,29]. Therefore, secretomas of mesenchymal 
stem cells derived from TGF-B1 transfected dental pulp were 
used in our study. The fact that TGF-B1 is one of the apoptosis 
regulators and its relationships with many other cellular 
pathways have made us think that HOS cells can be further 
suppressed in in vitro cultures in this way. Our apoptosis 
and cell cycle analyzes have supported this. In addition, 
it was found in our study that apoptosis was induced in 
accordance with the time periods in which mitochondrial 
membrane depolarization was induced in HOS cells. Zamilpa 
et al showed that especially c-terminal fragments of TGF-B1 
protein are required for apoptosis in human osteosarcoma 
cells. They reported that this interaction occurred through 
TGF-B1 protein c-terminal fragments and integrins and 
initiated apoptosis induction [30]. The use of stem cell 
secretomes containing TGF-B1 ligands in our study supported 
this interaction, but unlike this study, TGF-B1 ligands were 
applied to HOS cells together with the stem cell secretome, 
and cancer cells were more actively suppression provided 
with both secreted TGF-B1 and MSC secretion factors. In 
2000, the concept of “Dental Pulp Stem Cells” was added to the 
literature by Gronthos et al. with pulpal stem cells obtained 
from human 3rd molar teeth. It has become very popular as a 
promising, potential cell in terms of its rich biologic features, 
which have been studied on many occasions as of that date 
[31]. Dental Pulp Stem Cells can be used in both in vitro and 
in vivo clinical, surgical and tissue engineering studies. In 
addition, it is a very important advantage for DP-MSCs that 
plasmid DNA can be transferred easily in culture and that 
desired cytokines such as TGF-B1 can be obtained from 
cultures easily. Therefore, DP-MSCs were preferred as stem 
cell source in our study. It is now known that cell interactions 
through secretomes, rather than direct interaction with 
the stem cell used, create more specific effects in terms of 
both regenerative and cancer medicine, and the new trend 
has been stem cell secretomas. Secretomes released from 
MSCs are a very rich secretion product in terms of growth 
factors and TGF-B1 content [32,33]. The suppressive effect 
of MSC conditioned environments on cancer cells makes 
us think that it can be used more effectively with some 
genetic modifications in anti-tumor studies. Therefore, the 
combination of TGF-B1 overexpressing MSC secretome may 
be much more effective in suppressing cancer cells instead of 
using only TGF-B1 recombinant protein or MSC conditional 
medium alone. Therefore, in our study, we aimed to obtain a 
secretome containing more TGF-B1 protein by transferring 
the TGF- B1 gene through gene transfer to DP-MSCs. When 

we applied the secretomes we obtained to HOS cultures, 
we found that we suppressed the biological characteristics 
in osteosarcoma cancer cells. TGF-B1 transfected DP-MSC 
secretome (TGF-B1-CM) reduced the number of viable cells 
in in vitro cultures of HOS cells. Apoptosis was induced in 
HOS cells by administration of TGF-B1-CM. Mitochondrial 
membrane depolarization assays supported the apoptosis 
results. TGF-B1-CM administration played a role in arresting 
HOS cells at the G0 / G1 phase of the cell cycle. As a result, 
TGF-B1 transfected DP-MSC secretome suppressed 
osteosarcoma cells in vitro culture. Considering these results, 
further molecular studies targeting signaling pathways can 
be performed.

Conclusion

Our results showed that the culture and characterization 
of DP-MSCs were successfully performed. The TGF-B1 
gene transferred DP-MSCs produced in our previous study 
were used in this study (13). TGF-B1 transfected DP-MSC 
secretomes were collected from these transfected cells in a 
standard manner and successfully applied to HOS cell lines. 
Viability in HOS cell lines was suppressed at 48 and 72 hours 
after the applications. Apoptosis increased significantly 
in HOS cell cultures at 24 and 48 hours. The results of 
apoptosis supported the results of mitochondrial membrane 
depolarization. In HOS cell cultures with DPSC secretome, 
arrest occurred in the cell cycle, especially at the G0 stage. 
Considering all these results, it has been seen that TGF-B1 
transfected DPSC secretomes produce suppressive effects 
in HOS cell lines. Further studies can be done specifically 
targeting signal pathways.
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