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Introduction: Peripheral blood mononuclear cells (PBMCs) sensitized with mesenchymal 
stem cells (MSCs) secretome and/or colony stimulating factor-2 (CSF-2) as an immunotherapy 
candidate may escalate osteosarcoma stem cells (OS-SCs) apoptosis. This study aimed to 
investigate the escalation of osteosarcoma stem cells’ apoptosis after the co-cultivation with 
PBMCs sensitized by MSCs secretome with/or CSF-2 and it was completed by analyzing the 
level of serum tumor necrosis factor-related apoptosis-inducing ligand (sTRAIL) and tumor 
necrosis factor-α (TNF-α) level, annexin V binding, caspase-3 and caspase-8 expression in vitro.
Methods: OS-SCs were derived from a single human osteosarcoma sample with its high 
grade and osteoblastic essential clinical characteristics obtained from a biopsy before the 
chemotherapy treatment. They were then isolated and cultured confirmed by the cluster of 
differentiation-133 (FITC) by applying immunofluorescence analysis with fluorescein iso-
thiocyanate (FITC) labeled. MSCs secretome was obtained with cells extracted from the 
bone marrow of a healthy patient. Furthermore, enzyme linked immunosorbent assay 
(ELISA) was utilized to analyze sTRAIL and TNF-α level in each group. The expression 
of caspase-3, caspase-8, and annexin V assay in each group was examined by applying the 
immunofluorescence labeled with FITC. The comparison analysis between treatment groups 
and the control group was performed by utilizing the analysis of variance (ANOVA) and 
continued with Tukey Honest Significant Difference (HSD) (p<0.05).
Results: There was a significant difference in the upregulation of sTRAIL and TNF-α level 
indicated by the increased annexin V, caspase-3, and caspase-8 expression binding between groups 
(p<0.05).
Conclusion: MSCs Secretome and CSF-2 could significantly increase the activity of 
PBMCs through the improvement of sTRAIL and TNF-α levels which could lead to the 
escalation of OS-SCs apoptosis through an enhanced expression of caspase 3, caspase 8 and 
annexin V binding in vitro.
Keywords: cancer, caspase, osteosarcoma, peripheral blood mononuclear cells, 
mesenchymal stem cells, tumor necrosis factor

Introduction
As the most frequent primary bone tumor, osteosarcoma (OS) has the prevalence 
for approximately 4–5 out of 1.000.000 per year with higher prevalence in men than 
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in women.1,2 Osteosarcoma is a neoplasm that can be 
diagnosed based on the histological examination of osteoid 
production associated with the aggressive malignant 
mesenchymal cells that tend to metastasize early and it 
has several types conventionally categorized by the cell 
types such as osteoblastic, chondroblastic and 
fibroblastic.3,4

In Indonesia, the incidence of bone tumors at Central 
Hospital Cipto Mangunkusumo, Jakarta was 1.2%, 
whereas the incidence of malignant bone tumors was 
1.3%. The prevalence of osteosarcoma was one of the 
top five cancer cases found at the age group of 1–17 
years old. The profile evaluation of bone tumors in chil-
dren at Central Hospital Cipto Mangunkusumo in Jakarta 
during 1995–2004 showed that 73.7% of the cases were 
confirmed as osteosarcoma.5

In curing osteosarcoma, the existing therapy that has 
been used is the conventional therapies including surgery, 
chemotherapy, and radiotherapy.6 Prior investigation 
exhibited that homologous recombination fixes defects 
contained within the designed BRCAness genomic signa-
ture of high-grade osteosarcomas and apoptosis. There 
may be a link between caspase activation and the poly 
(ADP-ribose) polymerase (PARP). Furthermore, the 
diminished cell viability is uncovered by administrating 
Talazoparib on the MNNG/HOS cell line, but there is no 
sign in the study of apoptosis.7 The growing quality of life 
in the osteosarcoma patients has only been seen as the 
incremental changes in survival. In addition, the immune 
environment of the bone is highly specialized, and several 
immune signaling pathways have major contribution in 
bone homeostasis. Thus, the alternative therapy targeting 
deoxyribonucleate (DNA) that leads to DNA fragmenta-
tion known as apoptosis is still urgently needed.8

Moreover, apoptosis can occur through two different 
pathways, which are the extrinsic pathway and intrinsic 
pathway. The first pathway can be completed with an 
external stressor that initiates the apoptosis by activating 
Fas-associated death domain (FADD)/TNFRSF1A 
Associated Via Death Domain (TRADD) resulting in the 
pro-caspase activation.9,10 It is categorized into transduc-
tion pathways, oxygen reactive pathways, growth factor 
pathways, and cytokine pathways. Meanwhile, the intrin-
sic pathway is an apoptotic process involving mitochon-
drial dependent cytochrome C, caspase 3, caspase 9, 
apoptotic protease activating factor-1 (Apaf-1), Bcl-2, 
BAX, and BAK.11 The various cell death processes men-
tioned above are most likely becoming the option for 

osteosarcoma treatment by employing peripheral blood 
mononuclear cells (PBMCs) as an immunotherapy.

In addition, immunotherapy can be benefited for cancer 
therapy by applying cancer-specific immunoglobulins 
including monoclonal antibodies, cancer vaccines, and 
T-cell therapy. PBMCs consist of several cells such as 
lymphocytes like monocytes, natural Killer (NK) cells, 
dendritic cells (DC), T-helper cells (Th1, Th2, Th17), 
and macrophages which have different phenotypes and 
activations in the immune system.12 PBMCs significantly 
contribute in controlling the immune system through cyto-
kine networks or interleukins, secretions and expressions 
such as fas ligand, perforin, granzyme B, and soluble 
tumor necrosis factor-related apoptosis-inducing ligand 
(sTRAIL) which can generate cancer cell necrosis through 
extrinsic and intrinsic routes.13 Although in many 
researches, the results revealed that the activation of 
PBMCs can be raised by administering antioxidants, lipo-
polysaccharides, or other types of herbs containing 
tannins.14 There is another compound which has not 
been widely studied to sensitize and activate PBMCs, 
that is mesenchymal stem cells (MSCs) secretome.

A secretome of MSCs is a combination of many 
secreted molecules which includes interleukins, growth 
factors and any of secreted extracellular vesicles like 
microvesicles, apoptotic bodies, ectosomes, and exosomes. 
MSCs secretome might contribute a significant capacity in 
the physiological activation of PBMCs both in vivo and 
in vitro.15 Additionally, another molecule that may stimu-
late and activate the PBMCs is the colony stimulating 
factor-2 (CSF-2). CSF-2 entails molecules that have the 
essential part in the transcription factors and immune cell 
proliferation consisting NK-cells, cytotoxic T lymphocyte 
(CTL), and monocytes that can expand the activity of 
mononuclear cells through the secretion of tumor necrosis 
factor-α (TNF-α), interleukin (IL)-2, and IL-6 with para-
crine effect.16

Furthermore, TNF-α is one of the pro-inflammatory 
cytokines produced by peripheral blood mononuclear 
cells covering macrophages, T cells, eosinophils, mast 
cells, NK cells and some nerve cells. TNF-α also has 
a fundamental part in regulating the immune system 
which entails inducing the cell death through apoptosis.17 

In addition, launched by several cell types, serum tumor 
necrosis factor-related apoptosis-inducing ligand 
(sTRAIL) is qualified in interlacing the transmembrane 
pro-apoptotic death receptors TRAIL-R1/DR4 and 
TRAIL-R2/DR5 in human. Therefore, the initial marker 
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of pro-apoptotic induction molecule is the levels of TNF-α 
and TRAIL which reflect the activated extrinsic pathway. 
The sTRAIL level is influenced by the time, which means 
that the more it is secreted, the more it can affect the micro 
environment.18

Significantly, the enhancement of TNF-α and sTRAIL 
from PBMCs sensitized by CSF-2 and/or MSCs secretome 
may induce the apoptosis of cancer cells through extrinsic 
pathway. The biomarker which can be used to detect the 
apoptosis via extrinsic pathway along with annexin V, 
caspase-3 and caspase-8.19 Known as one of cellular pro-
teins within the annexin group, annexin V is often 
employed to identified an apoptosis by tying up phospha-
tidylserine outside the plasma membrane. Annexin 
V which binds the uppermost layer of the cellular mem-
brane’s phosphatidylserine could detect the process of cell 
damage or apoptosis.20 Meanwhile, caspase-3 is the part of 
protease enzyme family which contributes essentially and 
fundamentally in the apoptosis and caspase 8 is the initia-
tor to cleave Atg3 during receptor-mediated cell death and 
induces apoptosis.19

As the cell targets, osteosarcoma stem cells (OS-SCs) 
can be generated from the patient’s osteosarcoma tissues. 
Besides that, not only that osteosarcoma tissues are the 
resource of cancer stem but these tissues can also produce 
the extracted osteosarcoma associated stromal cells which 
are non-tumoral mesenchymal stem cell-like cells.20,21 

However, the isolated OS-SCs must be confirmed by uti-
lizing the markers of CD133, SOX2 and CD44. The 
enhanced expression of SOX2 may directly contribute in 
the growth and initiation of tumor.22 Moreover, SOX2 
expression in sarcoma patients is associated with the 
tumor grade, differentiation, invasive potential and lower 
patient survival.23 Meanwhile, in osteosarcoma, the fea-
tures of CD117 and STRO-1 for the most lethal character-
istics of the disease-metastasis and drug resistance, these 
markers offer candidates for the drug delivery of cancer 
stem cells aiming in eradicating the osteosarcoma.24

The combination of PBMCs with MSCs secretome, or 
PBMCs with CSF-2, or PBMCs with MSCs secretome and 
CSF-2 as mentioned above can lead to the discovery of 
immunotherapy for osteosarcoma treatment. Thus, this 
study’s main goal was to inquire the escalation of osteo-
sarcoma stem cells (OS-SCs) apoptosis after the co- 
cultivation with PBMCs sensitized by MSCs secretome 
with/or colony stimulating factor-2 completed by analyz-
ing sTRAIL and TNF-α level, annexin V binding, caspase- 
3 and caspase-8 expression in vitro.

Materials and Methods
Study Design
This scientific investigation was an in vitro study and 
a true experimental post-test only control group design. 
The size of this study sample was seven samples for each 
group. The sample was then selected blind-randomly and 
then assigned into each group. This study was carried out 
in Dr Soetomo General Hospital (RSUD. Dr Soetomo) and 
the Stem Cell Research and Development Center, 
Universitas Airlangga, Surabaya, Indonesia. Related to 
the study protocol, the ethical health committee of 
Dr Soetomo General Hospital, Surabaya, East Java, 
Indonesia, had granted the research ethics authorization 
for this study.

Isolation, Culture, Sub-Culture of 
Osteosarcoma Stem Cells
In this study, OS-SCs were derived from a single human 
osteosarcoma sample with its high-grade and osteoblastic 
essential clinical characteristics obtained from biopsy 
before the chemotherapy treatment. OS-SCs were iso-
lated from osteosarcoma tissue with a 3–5 cm excision 
from the osteosarcoma patient treated at the department 
of Orthopedics and Traumatology in Dr Soetomo 
General Hospital, Surabaya, Indonesia. The excision 
was performed by surgeons after obtaining a written 
informed consent from the patient for the osteosarcoma 
tissue collection. The isolated osteosarcoma tissues were 
then cleaned by washing them with phosphate-buffered 
saline (PBS) (Sigma Aldrich, US) entailing 5% penicil-
lin/streptomycin (Gibco, US). The specimens of the tis-
sue were chopped in small pieces by applying a sterile 
scissor then placed into Erlenmeyer tube consisted of 
5 mL Type I collagenase 0.075% within PBS containing 
2% of penicillin/streptomycin. Twenty percent heat- 
inactivated fetal bovine serum (FBS) (Gibco, US) con-
tained in 5 mL of α-minimal essential medium (Gibco, 
US) were blended into the tube to counterbalance the 
Type I collagenase activity. In addition, samples were 
then refined afterward by pouring them into the beaker 
glass wrapped with 3 plies of sterile gauze. The resulted 
supernatant of filtration was later centrifuged in 
2000 rpm for 5 min, then disposed, and its pellet was 
resuspended by mixing it with PBS for pellet wash. The 
pellet was rewashed repeatedly and eventually resus-
pended with the complete medium. For the final step of 
this procedure, those suspensions were cultivated on the 
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culture plate and then stored inside the incubator with 
37°C and 5% CO2.25

Characterization of Osteosarcoma Stem 
Cells
To start this characterization, the filtration of digested OS- 
SCs was cultured in the sterile 10 cm petri dish and 
a complete 10 mL growth medium was added. Then, OS- 
SCs were incubated in a 5% CO2 incubator with tempera-
ture at 37°C for 5 days. The characterization of confluent 
OS-SCs was carried out by immunofluorescence staining 
with immunofluorescence isothiocyanate (FITC) labeled 
using the specific markers of OS-SCs such as cluster of 
differentiation (CD) CD133+, SOX2, and CD44+.22–25

Isolation and Sensitization of PBMC with 
BM-MSCs Secretome and/or CSF-2
The collection of peripheral blood sample from healthy 
volunteers was performed that had been examined for HIV 
and Hepatitis-B after obtaining the written informed con-
sent from those volunteers. PBMCs isolation was done by 
employing the Ficoll system with a gradient of 1.077. 
A sample of 10 mL from the whole blood was mixed 
with EDTA, then washed with PBS and centrifugation at 
a speed of 1600 rpm. Next, the supernatant was removed 
and then the blood was taken with a micropipette and put 
into a 15-mL tube containing 5 mL Ficoll. Furthermore, 
1600 rpm centrifugation was carried out at a temperature 
of 20°C. The buffy coat was slowly separated with 
a pipette and placed in sterile PBS. After centrifugation, 
the pellets were resuspended with a complete growing 
medium (RMPI 1640, 10% FBS) added with BM-MSCs 
secretomes or CSF-2 (Sigma Aldrich, US).

Moreover, bone marrow mesenchymal stem cells (BM- 
MSCs) secretome was generated from healthy volunteer, 
and the examination of HIV and Hepatitis-B was per-
formed after obtaining the written informed consent from 
this volunteer. Two growth media were selected for produ-
cing mesenchymal stem cells conditioned medium (MSC- 
CM). Firstly, the chemically defined low glucose DMEM 
(DMEM-LG) (Sigma Aldrich, US) was selected as 
a conventionally used medium for MSC culture. 
Secondly, among the commercially available media 
designed to specifically support the growth of undifferen-
tiated MSC, a defined, xeno-free, serum-free MSCs 
NutriStem medium was preferred for this process 
(Biological Industries, Israel). It was fundamental to note 

that only basal media without nutrimental supplements 
(FBS or NutriStem supplement) were used for MSC 
conditioning.26 BM-MSCs secretomes were generated 
from the Stem Cells Research and Development Center, 
Universitas Airlangga, Surabaya, Indonesia, and finally 
incubated at a 37°C incubator for 2 days.

Co-Cultivation of Osteosarcoma Stem 
Cells with Sensitized Peripheral Blood 
Mononuclear Cells
At this step, co-cultivation between the sensitized PBMCs 
and OS-SCs with a ratio of 5:1 was cultured in a 10 cm 
petri dish and then 10 mL MEM alpha medium with 20% 
FBS was administered. Finally, the sensitized PBMCs and 
OS-SCs were incubated in 5% CO2 incubator at 
a temperature of 37°C for 5 days.25

The Level of sTRAIL and TNF-α Analysis 
by Indirect Enzyme Linked 
Immunosorbent Assay
Enzyme linked immunosorbent assay (ELISA) was 
employed to analyze sTRAIL (E-EL-H1593, Elabscience, 
US) and TNF-α levels (E-EL-H0109, Elabscience, US) in 
each group. The first step was 100 μL supernatant medium 
coated in 96 well microplate by applying a coating buffer 
with a ratio of 1:10 for 24 h at 4°C. After an antigen 
coating, 3 times washing with 0.02% tween-X was per-
formed, then continued with the blocking using 1% BSA. 
After the washing, each antibody was added in the ratio of 
1:1500 and then incubated in an incubator at 37°C for 2 
h. In the post-washing process, it was reacted with the 
secondary conjugate antibody labeled with alkaline phos-
phatase, combined with PNpp and incentivized in a dark 
room for 15 min, then the reaction was stopped with 1 
N H2O2 or 1N HCl. Finally, the analysis was carried out 
with an ELISA reader with a 450 wavelength.25

Immunofluorescence Analysis on Annexin 
V, Caspase-3 and Caspase-8 Expression
After being co-cultivated with sensitized PBMCs after 5 
days, OS-SCs were washed with sterile PBS, preserved 
with acetone at −20°C for 3–5 min, and then rewashed 3 
times with PBS. In addition, blocking was performed with 
1% serum. In addition, anti-caspase 8, anti-caspase 3, and 
anti-annexin V FITC-conjugated antibodies as much as 
100 μL with a ratio of 1:500 were combined and incubated 
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for 1 h at a 37°C. The comparison was done between 
normal cells and cells stained with 4,6-diamidino-2-phe-
nylindole (DAPI). The sample was then observed under 
fluorescent inverted microscope with 20x magnification.25

Data Analysis
All data were collected, then processed, and statistically 
tested by using 20.0 version of Statistical Program for 
Social Science (SPSS) for Windows (IBM Corporation, 
Illinois, Chicago, US). The data was described as an 
average in each group and the normality data test 
(p>0.05) was carried out. The comparison analysis 
between the treatment groups and the control group was 
done by utilizing the analysis of variance (ANOVA) con-
tinued with Tukey Honest Significant Difference (HSD) 
(p<0.05). The analysis of statistics was employed to inves-
tigate the effect of times (2 days, 4 days, and 6 days) and 
the TNF-α and sTRAIL level, and the expression of cas-
pase-3, caspase-8 and annexin V examination.

Results
OS-SCs were successfully isolated and cultured from 
a patient’s osteosarcoma tissue with the high grade and 
osteoblastic essential clinical characteristics showed the 
morphology of the OS-SCs (Figure 1A–D). The OS-SCs 
were sub-cultured until the 6th passage and then character-
ized with CD133+ and CD44+ markers (Figure 1E–H). 
Moreover, the morphology of PBMCs isolated from 
healthy people was further sensitized with MSCs secre-
tome and CSF-2 for two days that can be seen in 
Figure 2A. As a result, the sensitized PBMCs co- 
cultivated with OS-SCs showed a reactivity that can be 
seen in Figure 2B–D.

The highest TNF-α level was found in PBMCs + CSF- 
2 group as a significant difference was also discovered in 
TNF-α level in 2 days between PBMCs + CSF-2 group 
and PBMCs alone, and PBMCs + MSCs secretome and 
PBMCs alone (p<0.05). However, there was no significant 
difference in TNF-α level between PBMCs + CSF-2 group 
and PBMCs + MSCs secretome group in 2 days (p>0.05) 
(Figure 3A).

The highest sTRAIL level was expressed in PBMCs 
+OS-SCs+ MSCs secretome (6d) group. There was 
a significant difference located in sTRAIL level between 
OS-SCs group, PBMCs+MSCs secretome (2d) group, 
PBMCs+OS-SCs+MSCs secretome (2d) group and PBMCs 
+OS-SCs+MSCs secretome (6d) group (p<0.05). In addi-
tion, the significant difference was also shown in sTRAIL 

secretion between PBMCs+OS-SCs+MSCs secretome (6d) 
group and OS-SCs (6d) group (p<0.05) (Figure 3B). The 
highest sTRAIL level was found in PBMCs+OS-SCs+CSF2 
group. A significant difference was also presented in 
sTRAIL level between OS-SCs (6d) group, PBMCs+CSF2 
(2d) group, PBMCs+OS-SCs+CSF2 (2d) group, PBMCs 
+OS-SCs+CSF2 (4d) group and PBMCs+OS-SCs+CSF2 
(6d) group (p<0.05). Moreover, a significant difference was 
also found between PBMCs+OS-SCs+CSF2 (6d) group and 
OS-SCs (6d) group (p<0.05) (Figure 3C). Annexin 
V binding was positively detected in OS-SCs of each 
group which can be seen in Figure 4A–C. Before and after 
the co-cultivation of OS-SCs and PBMCs sensitized with 
MSCs secretome can be seen in Figure 4A1 and A2. Before 
and after the co-cultivation of OS-SCs and PBMCs sensi-
tized with CSF-2 can be seen in Figure 4B1 and B2. Before 
and after the co-cultivation of OS-SCs and PBMCs sensi-
tized with MSCs secretome and CSF-2 can be seen in 
Figure 4C1 and C2. The highest Annexin V expression 
was uncovered in OS-SCs+PBMCs+MSCs Secretome 
+CSF2 group. Correspondingly, a significant difference 
was exhibited in Annexin V binding between groups (OS- 
SCs; OS-SCs+PBMCs; OS-SCs+PBMCs+Scrt; OS-SCs 
+PBMCs+Scrt+CSF) (p<0.05) (Figure 4D).

The expression of caspase-3 was exhibited positively 
in OS-SCs of each group, which can be seen in 
Figure 5A–C. Before and after the co-cultivation of OS- 
SCs and PBMCs sensitized with MSCs secretomes 
shown in Figure 5A1 and A2. Before and after the co- 
cultivation of OS-SCs and PBMCs and sensitized with 
CSF-2 can be seen in Figure 5B1 and B2. Before and 
after the co-cultivation of OS-SCs and PBMCs sensitized 
with MSCs secretomes and CSF-2 shown in Figure 5C1 
and C2. The highest expression of caspase-3 was 
revealed in the OS-SCs+PBMCs+ MSCs secretome 
+CSF2 group. In a same manner, there was a significant 
difference was in caspase-3 expression between groups 
of OS-SCs, OS-SCs+PBMCs, OS-SCs+PBMCs+Scrt, 
OS-SCs+PBMCs+CSF, OS-SCs+PBMCs+Scrt+CSF 
(p<0.05). However, an insignificant difference was 
found between OS-SCs+PBMCs+Scrt group, OS-SCs 
+PBMCs+CSF group, and OS-SCs+PBMCs+Scrt+CSF 
group (p>0.05) (Figure 5D).

The expression of caspase-8 was revealed positively 
in OS-SCs of each group (Figure 6A–C). Before and 
after OS-SCs co-cultivated with PBMCs and sensitized 
with MSCs secretomes shown in Figure 6A1 and A2. 
Before and after OS-SCs co-cultivated with PBMCs 
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and sensitized with CSF-2 shown in Figure 6B1 and 
B2. Before and after OS-SCs co-cultivated with 
PBMCs and sensitized with MSCs secretomes and 
CSF-2 Figure 6C1 and C2. The highest expression of 

caspase-8 was found in OS-SCs+PBMCs+Scrt+CSF 
group. Moreover, a significant difference was 
expressed in caspase-8 between groups (p<0.05) 
(Figure 6D).

Figure 1 Growth of OS-SCs isolated from a single human osteosarcoma sample with its high grade and osteoblastic essential clinical characteristics obtained from biopsy 
before the chemotherapy treatment. (A) OS-SCs fibroblast-like cells grow 60% in 3rd passage; (B). OS-SCs fibroblast-like cells grow 90% confluent in 4th passage; (C) 90% 
confluent cell growth of OS-SCs in 5th passage 5; (D) 90% growth of OS-SCs in 6th passage; (E) OS-SCs positively expressed by CD133+ expression; (F) OS-SCs positively 
expressed by CD44+ expression; (G) OS-SCs stained with DAPI; (H) The comparison between normal cells and cells stained with DAPI.

Figure 2 The sensitization of PBMCs. (A) Sensitization of PBMCs with MSCs secretome and CSF-2 after 2 days; (B) OS-SCs co-cultivated with PMBCs; (C) Co-cultivation 
of OS-SCs and PBMCs sensitized with MSCs secretome showed by the appearance of endocytosis; (D) Sensitized PBMCs with CSF-2 after 6 days OS-SCs induced apoptosis.
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Discussion
This investigation explored and closely examined the 
activity of sensitized PBMCs co-cultivated with OS-SCs. 
The sensitized PBMCs may secreted cytokine that is ben-
eficial against osteosarcoma in vitro such as the production 
of memory T cells and regulatory T cells (CD25+) NK 
cells. The active initiation of NK cells is fundamental to 
induce OS-SCs apoptosis. The presence of activated CD25 
+ and NK cells can lead to the resistant type of T cells to 
the cell-mediated suppression of newly activated myeloid 

stem cells (MDSCs), and protect the body against tumor 
development and relapse.27

The sensitized PBMCs with MSCs secretome and/or 
CSF-2 indicate the presence of activated lymphocytes, 
namely CD25+, NK cells as well as CD4+ and CD8+ adap-
tive immune cells.25 The possibility that MSCs secretomes 
contain IL-2, IL-7 and IL-15 has been widely reported to 
support the homeostatic T-cell proliferation as well as the 
increased NK cell function, the maturation of IL-2 terminal 
NKT cells, and the expanded size of CD8+.28 Meanwhile, 

Figure 3 Co-cultivation of OS-SCs with sensitized PBMCs with MSCs secretome or CSF-2. (A) The level of TNF-α in each group in 2 days; (B) The level of sTRAIL in each 
group of PBMCs sensitized with MSCs secretome; (C) The level of sTRAIL in each group of PBMCs sensitized with CSF-2. *Information: signification p-value at p<0.05.

Figure 4 The result of Annexin V labeled with FITC binding was positively detected in OS-SCs in each group. (A1 and A2) Before and after the co-cultivation of OS-SCs 
and PBMCs sensitized with MSCs secretome; (B1 and B2) Before and after the co-cultivation of OS-SCs and PBMCs sensitized with CSF-2; (C1 and C2) Before and after 
the co-cultivation of OS-SCs and PBMCs sensitized with MSCs secretome and CSF-2. The observation was carried out by utilizing the light inverted microscope with 20x 
magnification; (D) The cell quantification of Annexin V binding in each group. *Information: significant at p<0.05.
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CSF-2 stimulates the activity of macrophages, NK cells, and 
cytotoxic T cells.16 Consequently, the sensitization of 
PBMCs by MSCs secretome and/or CSF-2 may enhance 
NK cells, CD4+ and CD8+.

Furthermore, TNF-α level in PBMCs improves after 
the sensitization of PBMCs through molecule signaling in 
macrophages. In this study, the result revealed that PBMCs 
that have been activated with MSCs secretomes or CSF-2 
initiate the activation of macrophages to secrete TNF-α. 
The highest TNF-α level was expressed in PBMCs + CSF- 
2 group after 2 days. There was a significant difference 

exhibited in TNF-α level between groups. In addition, 
TNF-α is a molecule that contributes majorly in regulating 
the inflammatory factors and as a master in regulating 
cytokine production.17 In producing various kinds of cyto-
kines and enzymes, macrophages can go through complex 
processes, which are both passive and active action. 
Macrophage activation comes from the signaling mole-
cules lymphokine, chemokines, and pathogen associated 
molecular patterns (PAMPs) and then secretes the products 
like IL-1, IL-12, TNF-α, IL-10, nitric oxide (NO) and 
reactive oxidative stress (ROS), IL-18, and IL-17.29

Figure 5 The result of caspase-3 expression labeled with FITC was expressed positively in OS-SCs in each group. (A1 and A2) Before and after the co-cultivation of OS- 
SCs and PBMCs sensitized with MSCs secretomes; (B1 and B2) Before and after the co-cultivation of OS-SCs and PBMCs and sensitized with CSF-2; (C1 and C2) Before 
and after the co-cultivation of OS-SCs and PBMCs sensitized with MSCs secretomes and CSF-2. The observation was carried out by utilizing the light inverted microscope 
with 20x magnification. (D) The cell quantification that expressed caspase-3 in each group. *Information: significant at p<0.05.

Figure 6 The result of caspase-8 expression labeled with FITC was demonstrated positively in OS-SCs in each group. (A1 and A2) Before and after OS-SCs co-cultivated 
with PBMCs and sensitized with MSCs secretomes; (B1 and B2) Before and after OS-SCs co-cultivated with PBMCs and sensitized with CSF-2; (C1 and C2) Before and 
after OS-SCs co-cultivated with PBMCs and sensitized with MSCs secretomes and CSF-2. The observation was carried out by employing the light inverted microscope with 
20x magnification. (D) The cell quantification that expressed caspase-8 in each group. *Information: significant at p<0.05.
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In this study, the highest sTRAIL level was discovered 
in PBMCs + OS-SCs + MSCs secretome (6d) group. 
Consistently, a significant difference was demonstrated in 
sTRAIL levels between groups and in sTRAIL secretion 
between PBMCs + OS-SCs + MSCs secretome (6d) group 
and OS-SCs (6d) group. In addition, OS-SCs co-cultivated 
with PBMCs and sensitized with CSF-2 were significantly 
different in sTRAIL levels between groups. Furthermore, 
there was a display of significant difference between 
PBMCs + OS-SCs + CSF2 (6d) group and OS-SCs (6d) 
group. Therefore, 6 days was applied as a time frame 
reference in this study. In fact, TRAIL-3 and TRAIL-4 
can be suppressed by receptor activator nuclear kappa beta 
ligand (RANKL) to induce apoptosis.30

Correspondingly, TNF-α and sTRAIL secreted by 
PBMCs are molecules that can be used as the indicators in 
PBMCs activation for osteosarcoma immunotherapy marked 
by the escalation of OS-SCs apoptosis. Furthermore, the 
signaling molecule from death-ligand-domain interaction 
can influence the prevalence of apoptosis via the gathering 
of death-inducing signaling complex (DISC). It is configu-
rated by the FADD which enhances the autocatalytic caspase 
processing, caspase activation, and apoptosis. In line with 
this study, the ability of TRAIL to eliminate cancer cells was 
investigated by developing a recombinant form of TRAIL or 
TRAIL receptor agonist for cancer therapy such as receptor- 
specific monoclonal antibody.31

In this present study, the highest Annexin V binding in 
OS-SCs + PBMCs + MSCs Secretome + CSF2 was uncov-
ered as a significant difference and found in Annexin 
V binding between groups. The addition of MSCs secretome 
and CSF-2 is possible to inhibit the secretion of IL-10; thus, 
the dominant secretion of pro-inflammatory cytokine 
occurs.32 The result of this study also revealed that the high-
est expression of caspase-8 was exhibited in OS-SCs + 
PBMCs + MSCs secretome + CSF group. Likewise, 
a significant difference was featured in caspase-8 expression 
between groups in this study.

Moreover, MSCs Secretome is a molecular complex that 
maintains the tissue’s microenvironment in a homeostasis 
condition. Meanwhile, CSF-2 is a pure molecule with the 
functions in increasing the activity of macrophages to 
response the imbalance condition by inducing, initiating, 
and signaling the macrophage’s activation. Subsequently, 
the activated macrophage will proliferate, differentiate and 
polarize the macrophage rapidly.33 Additionally, the activa-
tion of caspase-8 is stimulated the continuous signal from 

extrinsic factors to endogenous ligands.34 At the same time, 
the activation of macrophages that produces TNF-α and 
TRAIL which can activate endogenous ligands. The 
increased level of TNF-α and TRAIL depends on the time 
of production which can affect quickly or not in inducing the 
apoptosis. The extrinsic factor of apoptosis is influenced by 
the time and the possibility of inductor concentration against 
endogenous ligands. The extrinsic pathway of apoptosis is 
strongly influenced by the activity of caspase-3.35 In this 
present study, the highest expression of caspase-3 was found 
in the OS-SCs + PBMCs + MSCs secretome + CSF2 group. 
Accordingly, there was a significant difference demonstrated 
in caspase-3 expression between groups. This was in line 
with the previous study that investigated Shikonin from 
medical herbs that can enhance the osteosarcoma apoptosis 
through the up-regulation of caspase-3 and caspase-8.36 The 
presence of interactions between molecules is also influ-
enced by the time, the concentration and the microenviron-
ment which is very dominant in facilitating the level of 
TRAIL and TNF-α as the initial inductor that can trigger 
annexin V, caspase-8 and caspase-3 activation. The major 
limitation in this study is these cells that were derived only 
from a single human osteosarcoma tissue and a single 
healthy human BM-MSCs secretome.

Conclusion
Based on our study, MSCs secretome and CSF-2 can 
increase the activity of PBMCs through the enhancement 
of sTRAIL and TNF-α levels that can lead to the escala-
tion of OS-SCs apoptosis via a raised expression of cas-
pase 3 and caspase 8 which can be indicated by the 
increased annexin V binding in vitro. Further study is 
still needed to examine the apoptosis signaling pathway 
of OS-SCs co–cultivated by PBMCs sensitized with CSF- 
2 and/or MSCs secretome in vitro and in vivo.
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