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Background. Osteosarcoma, the most frequent osteogenic malignancy, has become a serious public health challenge due to its high
morbidity rates and metastatic potential. Recently, the neurokinin-1 receptor (NK-1R) is proved to be a promising target in cancer
therapy. This study is aimed at determining the effect of aprepitant, a safe and Food and Drug Administration (FDA) approved
NK-1R antagonist, on osteosarcoma cell migration and metastasis, and to explore its underlying mechanism of action. Methods.
Colorimetric MTT assay was employed to assess cell viability and cytotoxicity. A wound-healing assay was used to examine
migration ability. The desired genes’ protein and mRNA expression levels were measured by western blot assay and
quantitative real-time PCR (qRT-PCR), respectively. Gelatinase activity was also measured by zymography. Results. We found
that aprepitant inhibited MG-63 osteosarcoma cell viability in a dose-dependent manner. We also observed that aprepitant
inhibited the migrative phenotype of osteosarcoma cells and reduced the expression levels and activities of matrix
metalloproteinases (MMP-2 and MMP-9). Aprepitant also reduced the expression of an angiogenic factor, VEGF protein, and
NF-κB as an important transcriptional regulator of metastasis-related genes. Conclusion. Collectively, our observations indicate
that aprepitant modulates the metastatic behavior of human osteosarcoma cells, which may be applied to an effective
therapeutic approach for patients with metastatic osteosarcoma.

1. Introduction

Osteosarcoma is the most frequent osteogenic malignancy,
with an annual incidence rate of 4 per million people and
high morbidity rates primarily among children and adoles-
cents [1–3]. Osteosarcoma arises from germinal mesenchy-
mal bone-forming cells generating osteoid or immature
bone [2, 4]. It is characterized by high metastatic potential
and rapid disease progression leading to poor survival out-
comes (less than 20%) [5, 6]. Multiple strategies such as sur-
gery, radiation therapy, and adjuvant chemotherapy are
recommended as the standard treatments for osteosarcoma
patients [5–7]. Despite remarkable advances in these thera-

peutic approaches, the 5-year survival rate of patients has
not improved, partly due to the treatment challenges associ-
ated with cancer invasion and metastasis, which imply the
need for new effective therapeutic approaches to reduce the
metastatic potential of the tumor.

Substance P (SP), a proinflammatory neuropeptide,
belongs to the family of tachykinins, and its preferential
receptor, neurokinin 1 receptor (NK-1R), have been implica-
ted in the pathogenesis of a wide variety of malignancies [8,
9]. SP regulates tumor cell proliferation, apoptosis, angio-
genesis, invasion, and metastasis acting through the NK-1R
[9–13]. NK-1R is expressed in a variety of tumor cell lines
and tissue samples as well as osteosarcoma cell lines [14,
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15]. NK-1R is involved in the viability of tumor cells, and
high levels of NK-1R in tumor tissue usually correlate with
more aggressive behavior and poor prognosis in many types
of human malignancies [9, 16]. Thus, NK-1R is an impor-
tant mediator of tumorigenesis and represents an interesting
anticancer treatment target. Importantly, NK-1R is proved
to be a promising target in the suppression of tumor cell
invasion and metastasis. Accordingly, different peptide-
based and nonpeptide NK-1R antagonists have been devel-
oped, and many have revealed potential antitumor effects
[17, 18].

Among NK-1R antagonists, aprepitant, a nonpeptide
form of NK1R antagonists, is the only one that is approved
by the Food and Drug Administration (FDA) for controlling
chemotherapy-induced nausea and vomiting (CINV) [19,
20]. We and others previously reported that aprepitant
exerts a wide variety of antitumor effects in many human
malignancies [20–23]. It has been evidenced that the SP/
NK1R system may play an important role in cancer cell
invasion and migration in various tumor types and that
aprepitant effectively reverses these effects [22, 23]. How-
ever, nothing is known about the inhibitory role of aprepi-
tant in osteosarcoma cell invasion and metastasis.
Osteosarcoma tumorigenesis is often associated with tumor
cell invasion and metastasis, leading to poor prognosis [24,
25]. Therefore, it is interesting to explore the role of aprepi-
tant in osteosarcoma cell invasion and metastasis since it
could represent a promising therapeutic strategy and
improve the current therapies against osteosarcoma. To this
end, this study aims to determine the in vitro anti-metastatic
effects of aprepitant and its underlying mechanisms in the
MG-63 osteosarcoma cell line.

2. Material and Methods

2.1. Cell Culture.MG-63 osteosarcoma cell line was acquired
from the National Cell Bank of Institute Pasteur of Iran. The
cell line was cultured according to the supplier’s recommen-
dation, in Dulbecco’s Modified Eagle Medium (DMEM),
supplemented with 10% heat-inactivated fetal bovine serum
(FBS) (Gibco) and 1% antibiotics (penicillin/streptomycin)
(Gibco) and incubated in a humidified 37°C incubator with
5% CO2. DMEM media was substituted with fresh medium
every 3–4 days. For subculturing, cells were harvested by
Trypsin/EDTA(Gibco) treatment.

2.2. Drugs. Aprepitant was purchased from Sigma–Aldrich
(MO, USA) and dissolved in dimethyl sulfoxide (DMSO).
SP was also purchased from Sigma–Aldrich Company and
dissolved in distilled deionized water, containing 1% bovine
serum albumin (BSA). The pH of the mixture was adjusted
with 0.05 Molar acetic acid.

2.3. MTT Assay. MTT assay was performed to assess
aprepitant-mediated cellular cytotoxicity in MG-63 cells.
MG-63 cells were seeded at 4 × 103 cells/well and cultured
in 96-well plates. After 24 h seeding, aprepitant was added
to each well at different concentrations. After 24 h incuba-
tion, 20μl MTT Solution (5mg/mL) was added to each well,

and the plate was incubated for 3 hours at 37°C in the dark.
To solubilize the MTT-formazan crystals, the medium was
discarded, and 100μL of DMSO was added to each well
and the plate was then incubated at 37°C for 10 minutes.
Sample absorbance was then measured at 570nm using a
spectrophotometer ELISA plate reader.

2.4. Total RNA Extraction and Quantitative Real-Time
Polymerase Chain Reaction (qRT-PCR). The FavorPrep
Blood/Cultured Cell Total RNA Extraction Minikit (Yekta-
Tajhiz, Iran) was used to extract total RNA from MG-63
cells. The extracted RNA was then reversely transcribed to
complementary DNA (cDNA) using Pars Tous cDNA Syn-
thesis Kit (Iran), following the protocol provided by the
manufacturer. qRT-PCR amplification of target genes was
done in Roche real-time thermal cycler (Mannheim, Ger-
many) using the related primers and SYBR Green qPCR
Master Mix SYBR Green qPCR Master Mix (No ROX). To
normalize the expression of the desired genes, a housekeep-
ing gene, Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal reference gene. The
2−ΔΔCt method was used to analyze the relative changes in
gene expression.

2.5. Western Blotting. The whole cellular proteins were
extracted from MG-63 cells using radioimmunoprecipita-
tion assay (RIPA) buffer, and the protein content was mea-
sured by bicinchoninic acid (BCA) spectrophotometric
assay. Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed to separate the protein
mixture. After protein separation, proteins were immobi-
lized on nitrocellulose (Amersham) membranes. The mem-
branes were then blocked with a 5% blocking solution
consisting of nonfat dry milk in Tris-buffered saline (TBS)
for 2 h before primary monoclonal antibodies were incu-
bated at 4°C overnight. Afterward, the membranes were
exposed to secondary antibodies conjugated with horserad-
ish peroxide for 2 h at room temperature. Finally, the
enhanced chemiluminescence (ECL) detection kit (Thermo
Fisher Scientific, USA) was employed to reveal protein
bands. The protein bands were then quantified by Image J
densitometry software.

2.6. Wound-healing Assay. MG-63 cell migratory capacity in
response to aprepitant was evaluated by wound-healing
assay. In this procedure, MG-63 cells were seeded on 6-
well plates and incubated until they reached about 90-95%
confluence. After getting appropriate confluency, a sterile
pipet tip was used to create a scratch wound in the central
area of each well. Subsequently, cells were washed twice with
PBS and then treated with the desired aprepitant concentra-
tion. Finally, generated wounds were photographed at 0, 24,
and 48h, and the images were then analyzed and plotted by
Image J software.

2.7. Zymography. Gelatin-zymography was carried out to
detect the effects of aprepitant on MMPs activity in MG-63
cells. 10% polyacrylamide gel electrophoresis containing gel-
atin (1mg/mL) was prepared and loaded with 24h-cultured
supernatants. Following SDS-PAGE, the gels were washed
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gently for 1 hour with 2.5% Triton X-100 to remove SDS.
The gels were then incubated overnight in 50ml incubation
buffer of (% Triton X-100, 50mM Tris HCl pH7.5,5mM
CaCl2,1μM ZnCl2) at 37°C. After 24 h incubation, gels were
stained in Coomassie Brilliant Blue (R250) for 1 h, and sub-
sequently destained with 40% methanol and 10% acetic acid
until white bands, indicating the degradative activity of
MMPs, appeared. Finally, gels were scanned by the Gel-
Doc system, and a densitometric assessment of bands was
performed using the ImageJ software.

2.8. Statistical Analysis. Statistical assessment was performed
using GraphPad Prism 8. Statistical tests (independent-sam-
ples t-test or one-way ANOVA) were used to analyze the
statistical differences. All results were evinced as mean ±
standard deviation (SD). The P value less than 0.05
(P < 0:05) was regarded statistically significant.

3. Results

3.1. Aprepitant Efficiently Suppressed the Proliferation of
MG-63 Osteosarcoma Cell Line. We first determined the
effect of aprepitant on the cell viability of cultured MG-63
cells, using the MTT assay. MG-63 cells were exposed to var-
ious doses of aprepitant (5, 10, 20, 40, 60, 80, 100, and
150μM) and incubated for 24 h. As shown in Figure 1, apre-
pitant treatment significantly reduced the viability of osteo-
sarcoma cells in a dose-dependent manner. The
concentration of 31.55μM inhibited the growth of MG-63
cells by 50% after 24 h. Accordingly, the concentrations of
aprepitant which cause about 50% of growth inhibition
(IC50), and half of the IC50, were selected for the following
experimental approaches. Our intention was to test the
effects of aprepitant at both sublethal (1/2 IC50) and lethal
(IC50) concentrations.

Cultured MG-63 cells were exposed to various doses of
aprepitant (ranging from 5 to 150μM) for 24h, and cell via-
bility was evaluated by MTT assay. The results indicate that
aprepitant treatment significantly reduced the viability of
osteosarcoma cells in a dose-dependent manner. The data
shown here represent three independent experiments that
yielded similar results.

3.2. Aprepitant Efficiently Suppressed the Migratory
Phenotype of MG-63 Osteosarcoma Cell Line. Osteosarcoma
tumorigenesis is often associated with tumor cell migration
leading to metastasis and further decreased patient survival
[24, 25]. Therefore, in vitro wounding healing assay was
used to determine the capability of MG-63 cells migration
in response to aprepitant. The wound-healing assay results
indicated that after 24 h of treatment, aprepitant dose-
dependently reduced the extent of wound closure
(Figure 2(a)), suggesting that aprepitant could inhibit the
migration of osteosarcoma cells.

3.3. Aprepitant Efficiently Inhibited the Expression Levels and
Activities of Matrix Metalloproteinases (MMPs) in MG-63
Osteosarcoma Cell Line. The matrix metalloproteinases
(MMPs) including MMP-2 and MMP-9 belong to a family
of proteinases that can catalyze the cleavage of extracellular

matrix components, thus favoring tumor cell migration,
invasion, and metastasis [26–28]. To further investigate the
antimigrative effects of aprepitant, we evaluated the mRNA
expression levels of matrix metalloproteinases (MMPs),
MMP-2, and MMP-9, in MG-63 cells in response to differ-
ent concentrations of aprepitant by qRT-PCR. As illustrated
in Figure 3, aprepitant significantly reduced the expression
levels of MMP-2 and MMP-9 in a dose-dependent manner.

We also examined whether aprepitant could influence
the gelatinase activities of MMP-2 and MMP-9 in the MG-
63 osteosarcoma cell line. MG-63 cells were treated with
aprepitant (AP) at the concentration of IC50 and 1/2 IC50
for 24 h, and gelatinase activity was assessed by zymography.
As illustrated in Figure 4, aprepitant significantly reduced
the enzymatic activity of MMP-2 and MMP-9 in a dose-
dependent manner. Altogether, these results suggest that
aprepitant can modulate the invasive behavior of human
osteosarcoma cells, possibly by regulating both the expres-
sion and activities of MMP-9 and MMP-2.

3.4. Aprepitant Efficiently Inhibited the Expression Level of
Vascular Endothelial Growth Factor-a (VEGF-A) in MG-63
Osteosarcoma Cell Line. Osteosarcoma tumor growth and
metastasis are closely associated with angiogenesis [29]. Fur-
thermore, MMPs have been shown to support tumor angio-
genesis by releasing proangiogenic factors like VEGF-A [28].
Consequently, we investigated whether aprepitant can also
affect the expression of the VEGF-A in osteosarcoma cells.
Our results indicated that aprepitant reduced the expression
of mRNA (Figure 5) and protein (Figure 6) levels of the
VEGF-A in MG-63 osteosarcoma cells in a dose-dependent
manner. These observations suggest that aprepitant could
affect the process of angiogenesis and can be developed as
an antiangiogenic agent.

3.5. Aprepitant Efficiently Inhibited the Protein Level of
Nuclear Factor Kappa B (NF-κB) in MG-63 Osteosarcoma
Cell Line. NF-κB is a crucial transcription factor associated
with cancer cell invasion and metastasis. Furthermore, NF-
κB has been reported as an upstream target stimulating the
expression of MMP-2, MMP-9, and VEGF [30, 31]. We
hypothesized that the aprepitant’s antimetastatic effects
might be mediated by the inhibition of NF-κB. To examine
this possibility, MG-63 cells were treated with aprepitant
(AP) at the concentration of IC50 and 1/2 IC50 for 24 h,
and subsequently, the protein expression levels of NF-κB
were assessed by western blotting. As indicated in Figure 6,
aprepitant significantly reduced the protein expression of
NF-κB in MG-63 osteosarcoma cells in a dose-dependent
manner. Thus, the inhibition of NF-κB as a key transcrip-
tional regulator involved in tumor angiogenesis and metas-
tasis could be one of the antimetastatic mechanisms of
aprepitant.

4. Discussion

In the present study, we examined the potential in vitro
inhibitory effects of aprepitant in osteosarcoma cell invasion
and metastasis. We found several lines of evidence
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Figure 1: The effects of aprepitant on the MG-63 osteosarcoma cell viability.
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Figure 2: The effect of aprepitant on MG-63 cells migration. Migration ability was examined by wound-healing assay. The results showed
that after 24 h, aprepitant-treated cells at the concentration of IC50 and 1/2 IC50 had larger wound distances than that of the control group.
The percentage of wound closure was analyzed using the Image J software and plotted. (∗P ≤ 0:05; ∗∗P ≤ 0:01; ∗∗∗P ≤ 0:001; ∗∗∗∗P ≤ 0:0001)
indicated statistical significance compared to the control group. (#P ≤ 0:05 indicating statistical significance between two aprepitant-treated
groups (IC50 and 1/2 IC50).
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Figure 3: Aprepitant inhibits the expression of MMP-2 and MMP-9 in the MG-63 osteosarcoma cell line. MG-63 cells were treated with
aprepitant (AP) at the concentration of IC50 and 1/2 IC50 for 24 h, and subsequently, the mRNA expression levels of MMP-2 and
MMP-9 were evaluated by qRT-PCR. The experiments were conducted in triplicates, and the results are illustrated as the mean ± SD.
(∗P ≤ 0:05; ∗∗P ≤ 0:01; ∗∗∗P ≤ 0:001; ∗∗∗∗ P ≤ 0:0001), indicating statistical significance compared to the control group.
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suggesting that aprepitant may be considered as an antime-
tastatic agent in osteosarcoma. First, aprepitant efficiently
suppresses the migratory phenotype of cultured osteosar-
coma cells. Second, aprepitant efficiently inhibits the expres-
sion levels and activities of MMP-2, and MMP-9, which are
known as specific metastasis-promoting factors. Third, apre-
pitant suppresses the expression of an angiogenic factor,
VEGF-A protein, which is known to promote tumor angio-
genesis and migration. Finally, aprepitant suppresses the
expression of NF-κB as an important transcriptional regula-
tor of MMPs and angiogenic factors.

Cancer cell migration and metastasis are among the
main causes of osteosarcoma patients’ poor prognosis [24,
25]. Thus, there is a need for new effective therapeutic
approaches targeting the process of metastasis. Recently,
the neurokinin-1 receptor (NK-1R) is proved to be a prom-
ising target in cancer therapy and in particular regulation of
cancer invasion and metastasis. Accordingly, different
peptide-based and nonpeptide NK-1R antagonists have been
developed, and many have revealed potential antimetastatic
effects [19, 20]. In this line, Ma et al. indicated that the
NK-1R antagonist, L-733,060, inhibited SP-induced expres-
sion of VEGF-C and MMP-9 in endometrial adenocarci-
noma cells, thus reducing tumor invasion and metastasis
[32]. Consistently, NK-1R antagonists, L-733,060 and L-
732,138, could also inhibit SP-induced expression of
MMP-2 in pancreatic cancer cells and thus impairing cancer
migration [33].

NK-1R antagonists have been also reported to inhibit the
metastasis-promoting genes, including MMPs, and EMT-
inducing genes in head and neck cancers [34]. NK-1R antag-
onist, L703606, could also attenuate the expression of
metastasis-related factors like MMP9 in gallbladder cancer
cells [35]. These data combined highlight the therapeutic
potential of targeting NK-1R in controlling tumor invasion
and metastasis.

Among NK-1R antagonists, aprepitant, a nonpeptide
form of NK1R antagonists, is only approved by the Food
and Drug Administration (FDA) for controlling
chemotherapy-induced nausea and vomiting (CINV) [20,
36]. Previous in vitro observations described the antimeta-
static effects of aprepitant [20]. Aprepitant has led to consid-
erable therapeutic effects in melanoma by inhibiting tumor
cell growth, angiogenesis, and tumor cells invasion and
metastasis [37]. Aprepitant also suppresses cell motility
and invasion by affecting membrane blebbing [38].
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Figure 5: Aprepitant inhibits the expression of VEGF-A in the
MG-63 osteosarcoma cell line. MG-63 cells were treated with
aprepitant (AP) at the concentration of IC50 and 1/2 IC50 for
24 h, and subsequently, the mRNA expression level of VEGF-A
was evaluated by qRT-PCR. The experiments were conducted in
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(∗P ≤ 0:05; ∗∗P ≤ 0:01; ∗∗∗P ≤ 0:001; ∗∗∗∗P ≤ 0:0001) indicated
statistical significance compared to the control group.
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Membrane blebbing is an important process in cell move-
ment, in tumor cell invasion, and is mediated through the
Rho-activated ROCK system [39]. It should be noted that
application of the aprepitant was reported to be safe and
without any adverse toxicological effects at all tested doses
even at excessively large doses [36, 40]. Therefore, there is
a great interest in identifying the therapeutic value of aprepi-
tant in osteosarcoma.

We, therefore, examined the therapeutic potential of tar-
geting NK-1R in controlling osteosarcoma invasion and
metastasis by aprepitant. Muñoz et al. have previously indi-
cated that NK-1R is significantly expressed both at the pro-
tein and mRNA in MG-63 osteosarcoma cell line. That NK-
1R blockade with different NK1R antagonists as well as apre-
pitant exerted strong growth inhibitory effects both in vitro
and in vivo [15]. Consistently, we showed similar growth
inhibitory capacity of aprepitant on MG-63 cells in vitro.
Since osteosarcoma treatment challenges are mainly associ-
ated with cancer invasion and metastasis, we examined the
metastasis inhibitory capacity of aprepitant on MG-63 cells
in vitro. We observed that aprepitant inhibited the migrative
phenotype of osteosarcoma cells and reduced the expression
levels and activities of matrix metalloproteinases (MMP-2

and MMP-9). In accordance, we previously indicated that
aprepitant reduces the migratory phenotype of different
tumor types including esophageal squamous cell carcinoma
[41], cervical cancer, [23], and prostate cancer [22] which
was correlated with reduced expression of MMP-2 and
MMP-9. MMPs are closely related to tumor invasion and
metastasis, and are necessary for tumor cells to migrate
and invade surrounding tissues, ultimately establishing dis-
tant metastases [27, 28]. Furthermore, MMP-2 and MMP-
9 have been found as potential therapeutic targets in differ-
ent tumor types as well as osteosarcoma [27]. Therefore,
our observations in this context strengthen the antimeta-
static role of aprepitant in osteosarcoma through the regula-
tion of MMPs.

Angiogenesis plays a critical role in osteosarcoma pro-
gression and metastasis. VEGF is the main angiogenic fac-
tor in tumor angiogenesis, supporting tumor growth and
metastasis [29]. It has been shown that VEGF and
MMP-9 expression in osteolytic lesions of bone is associ-
ated with the higher risk of local recurrence and bone
destruction [42]. We, therefore, examined the antiangioge-
netic effect of aprepitant and found reduced expression of
VEGF-A in MG-63 cells treated with aprepitant. In agree-
ment with our results, modulation of VEGF-A and its
receptor expression by aprepitant has been previously doc-
umented [41]. Furthermore, therapeutic targeting with
aprepitant led to inhibition of in vivo angiogenesis and
subsequent metastasis in hepatoblastoma [43]. It can
therefore be concluded that inhibition of angiogenesis is
one mechanism underlying the antimetastatic effect of
aprepitant. Since angiogenesis has a critical role in osteo-
sarcoma tumor progression, finding new antiangiogenic
drugs in the management of osteosarcoma is required.
Tyrosine kinase inhibitor, lenvatinib, alone or in combina-
tion with other agents has been found as a potent anti-
VEGFR agent in the primitive bone tumor, including giant
cell tumors of bone (GCTB) [44]. Moreover, the efficacy of
lenvatinib in combination with pembrolizumab or ifosfa-
mide/etoposide is currently under evaluation in patients
with refractory or relapsed osteosarcoma [45]. Considering
the potent anti-VEGF activity of aprepitant, a combination
of lenvatinib with aprepitant may also have a synergistic
effect in osteosarcoma. Thus, it would be interesting to
evaluate the combination of lenvatinib with aprepitant in
future studies.

NF-κB signaling plays an important role in regulating
several biological activities that may affect several steps
in osteosarcoma metastasis [46, 47]. Importantly, NF-κB
has been suggested as a direct transcriptional regulator of
MMPs and angiogenic factors [30, 31, 48]. We explored
next whether aprepitant can affect the expression of NF-
κB. We found that aprepitant significantly reduced the
protein expression of NF-κB in MG-63 cells. It is, there-
fore, possible that aprepitant can regulate NF-κB and fur-
ther lead to changes in the NF-κB downstream targets,
including MMP-2, MMP-9, and VEGF-A. However, fur-
ther in-depth investigations are required to verify the
potential linkage of aprepitant to this pathway and associ-
ated metastasis.
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5. Conclusion

Here, we found that aprepitant leads to considerable in vitro
therapeutic effects in osteosarcoma by inhibiting tumor cell
growth, angiogenesis, migration, and metastasis (Figure 7).
We suggested that the antimetastatic effect of aprepitant in
osteosarcoma is probably attributed to its ability to modulate
the transcriptional regulator, NF-κB, and subsequently, its
target genes, including MMP-2, MMP-9, and VEGF-A.
However, more broadly research and further in vivo work
are required to establish this. Given that aprepitant has a
good safety profile against normal cells [23, 43], following
with further studies to identify its anticancer effects would
be worthwhile for future of osteosarcoma therapy and
research.

Thus, it is encouraging to explore the following issues
for future research: First, application of the aprepitant
for chemoprevention of metastasis development. Having
significant anti-metastatic capabilities, aprepitant combined
with other chemotherapeutic drugs may also bring poten-
tial benefits against osteosarcoma. Future studies on this
issue are therefore recommended. Second, various signal-
ing pathways and transcriptional factors are significantly
altered in the many cellular processes of migration, inva-
sion, and metastasis in osteosarcoma. However, we only
explored the function of NF-κB and its target genes. Fur-
ther studies with more focus on other metastasis-
promoting factors are therefore suggested. Finally, it is
suggested that the aprepitant mediated- therapeutic effects
are verified in future in vivo studies.
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