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Introduction

Abstract

Background: Investigation of anti-cancer agents with desirable selective toxicity is critical for
cancer therapy. The use of natural adjuvants can be a promising option in reducing the toxicity
of the anti-cancer agent. The aim of this study was to investigate the potential application of
melatonin (MLT) as a natural adjuvant molecule along with doxorubicin (DOX) to induce
cytotoxicity in osteosarcoma (OS) cells.

Methods: Human OS cell lines included Saos-2, MG-63, and Human Bone Marrow Mesenchymal
Stem Cells (hBM-MSCs) were treated with free DOX, free MLT, DOX-loaded NPs (DOX-NPs),
MLT-loaded NPs (MLT-NPs), combination of DOX and MLT (DOX-MLT) and combination
of DOX and MLT-loaded NPs (DOX-MLT-NPs) in separated cell culture. Cell proliferation of
experiments were evaluated by MTT assay after 24 h. Total protein levels were determined by
enzyme immunoassay ELISA.

Results: Herein, we found the combination of MLT with DOX, especially formulated in nano-
form, is resulted in a significant reduction in the protein levels of both X-linked Inhibitor of
Apoptosis (XIAP) and Survivin (p<0.0001). Indeed, there was a significant decrease in the
expression of XIAP and Survivin when MLT is combined with DOX compared to the individual
treatments.

Conclusion: Our findings indicated the synergism of the antitumor effect could be due to the
down-regulation of XIAP and Survivin in the levels of protein.

Osteosarcoma (OS) is the most frequent primary bone
malignancy with the highest incidence, usually occurs in
the second and third decades of life.! Patients are generally
treated with chemotherapeutic agents following surgery.”
However, most of the patients with OS indicate a poor
prognosis to conventional chemotherapeutic agents such
as doxorubicin (DOX) which can be due to metastasis
and intrinsic or acquired chemotherapeutic resistance.’
Therefore, new therapeutic strategies are critically needed
for OS patients.* Most of the current studies in this field
have been focused on the combination therapy with
naturally compounds, which reduces the effective dose and
consequently adverse side effects.>*

Different mechanisms elucidate the drug resistance and
dysregulation of apoptosis, which are strongly associated
with therapeutic failure.”” Inhibitor of apoptosis proteins
(IAPs) area group of negative regulators of caspases and

cell death.'!!

Overexpression of IAPs, such as X-linked Inhibitor of
Apoptosis (XIAP) and Survivin in many tumors, are
directly related to resistance against the apoptosis and
subsequently, chemotherapeutics agents."*** Therefore,
identifying the potential sensitizers, which are capable
of inhibiting apoptosis resistance by targeting XIAP and
Survivin as well as therapy via nanocarriers, are essential
in cancer treatment.

The use of melatonin (MLT), as an adjuvant and target
therapy by nanocarriers, obtains much more attention
for the cancer treatment.'®” MLT has shown a wide range
of biological functions, including pro-oxidant activity
in the cancer cells, anti-oxidant functions in normal
cells, oncostatic activities through antiproliferative and
pro-apoptotic capability an also immunomodulatory
properties.'®?° In the present study, we evaluated the effect

*Corresponding Authors: Durdi Qujeq, E-mail: dqujeq@gmail.com & Bahman Yousefi, E-mail: bahmanusefi@gmail.com
©2020 The Author(s). This is an open access article and applies the Creative Commons Attribution License (http://creativecommons.org/licenses/by-
nc/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, as long as the original authors and source are cited.


http://dx.doi.org/10.34172/PS.2020.3
https://ps.tbzmed.ac.ir/
mailto:dqujeq%40gmail.com?subject=
https://orcid.org/0000-0002-3067-5100
https://orcid.org/0000-0003-1344-9344
http://crossmark.crossref.org/dialog/?doi=10.34172/PS.2020.3&domain=pdf&date_stamp=2020-06-27

Mir et al.

of MLT along with DOX in both forms of free and loading
on nanocarriers as well as apoptosis resistance through
targeting Survivin and XIAP in OS cell lines.

Materials and Methods

Materials

Cell culture materials included RPMI-1640 medium,
Fetal Bovine Serum (FBS), and trypsin/EDTA solution
were provided from Gibco™ (Invitrogen, USA). Penicillin/
streptomycin was obtained from Biowest (Nuaille, France).
Chemical material and reagents were included MLT
(Sigma-Aldrich, USA), DOX (Sigma-Aldrich, USA).
Human Survivin ELISA Kit and XIAP ELISA Kit were
purchased from Bioassay Technology laboratory Co.
Thiazolyl blue tetrazolium bromide (MTT) was provided
from Bio Basic Co.

Cell culture

For cell culture experiments, Human OS cell line Saos-2,
Human OS cell line MG-63, and Human Bone Marrow
Mesenchymal Stem Cells(hBM-MSCs) were provided
from the Pasteur Institute of Iran (Tehran, Iran). Saos-
2, MG-63, and hBM-MSCs were commonly cultured
in RPMI-1640 medium containing 10% FBS and 1%
Penicillin-Streptomycin and were incubated at 37 °C, 5%
CO,atmosphere, as well as 95% humidity. The cells were
passaged every two to three days to preserve exponential
growth.

Cell proliferation assay

Determination of cell proliferation was evaluated via the
MTT assay. The experiment was divided into eight groups,
including (1) control group without any treatment, (2)
NPs group (3) free DOX group, (4) free MLT group, (5)
DOX-loaded NPs (DOX-NPs) group , (6) MLT-loaded
NPs (MLT-NPs) group, (7) combination of DOX and MLT
(DOX-MLT) group, and (8) combination of DOX and
MLT-loaded NPs (DOX-MLT-NPs) group. Briefly, Saos-2,
MG-63, and hBM-MSCs were seeded into 96-well plates
(10 x 10* cells per well) and incubated in 37 °C incubator
equipped with 5% CO, atmosphere and 95% humidity for
24 hours to attach and grow at the bottom of each well.
Then, a fresh culture growth medium,containing different
drugs concentration for 24 h, was replaced. After 24 h, the
media were removed and wells were washed twice with
Phosphate Buffered Saline (PBS) , then the MTT solution
(5 mg mL') was added to each well and was incubated for
4 h. MTT solution was cautiously removed and 200 pL of
DMSO was added to each well to dissolve formed blue
formazan crystals.” Theabsorbance of solubilized formazan
was measured by an enzyme-linked immunosorbent assay
(ELISA) reader (Awareness Technology, Palm City, FL,
USA) at 570 nm along with a reference wavelength of 630
nm. All experiments were done in triplicate, and the cell
viability percentages were obtained using the following
equation:

Absorbance (.,

Cell viability (%)= x100

Absorbance ;o)

Eq. (1)
Measurement of Survivin and XIAP proteins
Determination of the levels of Survivin and XIAP proteins
were performed by enzyme immunoassay ELISA kit
specific. Briefly, Saos-2, MG-63, and hBM-MSCs were
seeded into 6-well plates (5 x 10° cells per well) and
incubated in 37 °C incubator, equipped with 5% CO,
atmosphere and 95% humidity for 24 hours to attach and
grow at the bottom of each well. Then, a fresh culture
growth medium, containing different drugs concentration
for 24 h, was replaced. After 24 h, the media were removed,
and wells were washed twice with PBS solution, and then
the level of Survivin and XIAP was determined by ELISA
method. All experiments were done in duplicate.

Statistical analysis

Results were reported as mean + SD from at least three
independent experiments. Statistical analysis was done by
using GraphPad Prism 6 software (GraphPad Software,
Inc., La Jolla, CA). One-way analysis of variance (ANOVA)
was performed to determine the significance of differences
among study groups. Significant differences were shown as
*p<0.05, *p<0.01, ***p<0.001 and ***p<0.0001.

Result and Discussion

Cell proliferation assay

MTT assay is an essential item for evaluation of cytotoxic
effects of samples (such as drug and drug carrier). In this
regard, different cell lines (i.e., Saos-2, MG-63, and hBM-
MSC) were treated with samples, including free DOX,
free MLT, DOX-NPs, and MLT-NPs. Additionally, the
combination forms of the above samples (DOX-MLT and
DOX-MLT-NPs) were used to show the synergistic effects
of MLT within DOX chemotherapeutic agents on cancer
cells and the result has been illustrated in Figure 1.

First, the Saos-2 cells exposed to above-mentioned
samples, and the results showed that DOX, DOX-NPs,
DOX-MLT, and DOX-MLT-NPs demonstrated dose-
dependent cell proliferation inhibition. Interestingly, MLT
has no cytotoxic effects on Saos-2 cells, and just has slight
changes in cell viability. However, MLT-NPs illustrated
dose-dependent effects on cell proliferation inhibition,
which may be attributed to the MT1 and MT2 on the cell
membrane.

Due to the internalization of MLT-NPs via endocytosis
mechanism, MLT-NPs do not depend on the MLT
receptors for entrance, and could quickly affect the cells.
Whereas, free MLT was completely controlled by MT1
and MT2 receptors for internalizations.” Although the
cell suppression capacity of MLT was weaker than DOX,
it is promising that the cytotoxicity of free DOX/MLT and
DOX-MLT-NPs was higher than DOX.

According to the above-mentioned results, MG-63 cells
were also showed similar outcomes; but with this difference
that all the treated samples showed weaker effects with a
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Figure 1. Cytotoxicity of free DOX, DOX-loaded nanocarrier, free MLT, MLT loaded nanocarrier, free DOX/MLT, DOX/MLT loaded
nanocarrier against Saos-2 (A and B), MG-63 (C and D), and hBM-MSC (E and F).

dose-dependent pattern for cell proliferation inhibition
in MG-63 cell line. However, it was observed that in the
MG-63 results there is a significant effect of the MLT on
the viability of the cells in comparison to the Saos-2, which
has significantly reduced the number of cells. Similar to the
results of Saos-2, MLT enhanced the toxic effects of DOX
in both treated DOX-MLT and DOX-MLT-NPs groups.
The hBM-MSC line was chosen to show the cytoprotective
effects of MLT on normal cells.

XIAP and Survivin protein levels on Saos-2, MG-63,and
hBM-MSC lines

The expression of XIAP and Survivin were measured at
the levels of proteins in Saos-2, MG-63,and hBM-MSC
lines. MLT and DOX were used alone and in combination.
All three cell lines, treated with MLT and DOX at IC,
concentration, were showed a significant reduction in
the protein expression levels of both XIAP and Survivin
(Figure 2 and 3). Indeed, a combination of MLT and DOX
significantly decreased XIAP and Survivin at the levels
of proteins when compared with MLT or DOX mono
treatment. On the other hand, the treatment of DOX
and MLT loaded on NPs statistically showed a significant
decreased in the protein levels of XIAP and Survivin.
Accumulating recent studies have been focused on the
IAPs because of their critical role in oncogenesis.**

The down-regulation of XIAP and Survivin proteins in
hBM-MSC lines may be related to the other effects of
MLT. As mentioned in several studies, MLT has a wide
effect in biological processes including the regulation
of mitochondrial activities in the non-tumor cells, pro-
oxidant activity in cancer cell and antioxidant activity in
normal cells especially in hBM-MSC lines.>*
Differentstudieshave demonstrated asignificant correlation
between IAPs expression levels and poor prognosis in
malignant diseases.”? It was demonstrated that down-
regulation of IAPs 1 increases the sensitivity of cancer
cells to chemotherapeutics agents.'****! The main findings
of this study are in agreement with other researchers
findings. In this regards, Lulu Fan et al. proposed that MLT
synergistically induced cancer cells to apoptosis through
targeting Survivin and XIAP.** In another study, Lulu Fan
et al. also demonstrated that MLT overcame apoptosis
resistance in human hepatocellular carcinoma by targeting
Survivin and XIAP*® MLT significantly inhibited the
growth of HepG2 and SMMC-7721 cells and stimulated
apoptosis through down-regulation of Survivin and
XIAP* Our results indicated that MLT, along with DOX,
significantly exerts more potent effects through reduction
of XIAP and Survivin protein levels in Saos-2, MG-63,
and hBM-MSC lines. The expression pattern of free drugs
and encapsulation form are summarized in Figure 2 and 3
respectively.
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Figure 2. The effects of free MLT and free DOX on the levels of XIAP and Survivin proteins in the Saos-2, MG-63, and hBM-MSC lines.
doxorubicin (DOX), melatonin (MLT).
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Figure 3. The effects of MLT-NPs and DOX-NPs on the levels of XIAP and Survivin proteins in the Saos-2, MG-63, and hBM-MSC lines.
Nanoparticles (NPs), doxorubicin (DOX), melatonin (MLT).
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Conclusion

In conclusion, these results indicate that MLT, in
combination with DOX, has significantly synergistic effects
on the human OS cell lines Saos-2 and MG-63, which may
be related to down-regulation of Survivin and XIAP. MLT
is expected to be an adjuvant drug in OS treatment. Indeed,
MLT facilitates the efficacy of DOX in the stimulation of
the processes, which leads to cell death. Loading MLT in
NPs enhances the effectiveness of DOX in cell proliferation
in OS cell lines. We suggest that the application of MLT-
NPs, accompanied by chemotherapeutic agents, can be
considered as a promising agent to increase the efficacy of
chemotherapeutics for the treatment of OS patients.
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