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Capsaicin induces immunogenic cell death
in human osteosarcoma cells
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Abstract. Immunogenic cell death (ICD) is characterized by
the early surface exposure of calreticulin (CRT). As a specific
signaling molecule, CRT on the surface of apoptotic tumor
cells mediates the recognition and phagocytosis of tumor cells
by antigen presenting cells. To date, only a small quantity
of anti-cancer chemicals have been found to induce ICD,
therefore it is clinically important to identify novel chemicals
that may induce ICD. The purpose of the present study is
to explore the function of capsaicin in inducing ICD. In the
current study, MTT assays were used to examine the growth
inhibiting effects of MG-63 cells when they were treated with
capsaicin or cisplatin. Mitochondrial membrane potential and
western blot analysis were used to investigate capsaicin- and
cisplatin-induced apoptosis. In addition, the effects of capsa-
icin and cisplatin were evaluated for their abilities in inducing
calreticulin membrane translocation and mediating ICD in
human osteosarcoma cells (MG-63). The results demonstrated
that capsaicin and cisplatin can induce the apoptosis of MG-63
cells. However, only capsaicin induced a rapid transloca-
tion of CRT from the intracellular space to the cell surface.
Treatment with capsaicin increased phagocytosis of MG-63
cells by dendritic cells (DCs), and these MG-63-loaded DCs
could efficiently stimulate the secretion of IFN-y by lympho-
cytes. These results identify capsaicin as an anti-cancer agent
capable of inducing ICD in human osteosarcoma cells in vitro.

Introduction

Osteosarcoma (OS) is the most common primary malig-
nant bone tumor in children and adolescents (1). OS arises
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predominantly in the long bone metaphysis, particularly in
the distal femur, proximal tibia and proximal humerus (2).
Previously, the majority of patients with OS were treated by
amputation; however, the 5-year survival rate was <20%,
primarily due to lung metastases (3). With the introduction of
chemotherapy into multi-modal treatment for OS, its prognosis
has improved (2). In the past 20 years, although numerous
international research groups have conducted a large quantity
of research on OS, its survival rate remains unchanged (4-6).

The concept of immunogenic cell death (ICD) of tumor
cells has emerged in recent years, which is a cell death
modality that is able to stimulate an immune response
against homologous tumor cells (7,8). This concept was first
proposed in the context of anticancer chemotherapy, and
was based on animal experiments that indicated that tumor
specific immune responses could determine the efficacy of
anticancer therapies (9). ICD is characterized by the early
surface exposure of calreticulin (CRT) (10).

To date, only a small number of conventional cytotoxic
anticancer therapeutics are able to induce ICD (11); therefore
it is of clinical significance to identify novel chemicals that
can induce ICD. Capsaicin, a homovanillic acid derivative
and the spicy component of chili pepper, has been shown to
have cytotoxicity towards cancer cells and immunomodula-
tory functions, suggesting its potential application in tumor
therapy (12). Ithas been reported that intratumoral administra-
tion of capsaicin elicits a T cell-mediated antitumor immune
response, resulting in the regression of advanced preexisting
solid tumors (12). In addition, research by D'Eliseo et al (13)
indicates that capsaicin can stimulate anticancer immunity.

In the present study, the effects of capsaicin were evalu-
ated for its abilities in inducing CRT membrane translocation
and mediating ICD in a human MG-63 OS cell line. As it
has been reported that cisplatin could not induce ICD in
tumor cells, the present study used cisplatin as a control.
The present results indicated that capsaicin induced a rapid
membrane translocation of CRT. Furthermore, apoptotic
MG-63 cells induced by capsaicin could be engulfed more
efficiently by phagocytes and these phagocytes loaded with
apoptotic MG-63 cells had the stronger ability in activating
tumor-specific T-cells which could secrete IFN-vy. These data
demonstrate that capsaicin can induce ICD in human OS
cells.
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Materials and methods

Cell line. The human OS cell line MG-63 was purchased
from the Cell Bank of China (Wuhan, China). The cells were
maintained at 37°C in 5% CO, and Dulbecco's modified Eagle
medium (DMEM), which contains 10% heat-inactivated fetal
bovine serum (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), 100 pg/ml streptomycin and 100 units/ml peni-
cillin.

Materials. Capsaicin, DMEM, 3,3'-dihexyloxacarbo-
cyanine iodide (DiOCg)(3) and MTT were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Rabbit-anti-human
CRT polyclonal antibody was purchased from Stressgen
(Victoria, BC, Canada; cat. no. SPC-122B). Mouse anti-human
phycoerythrin (PE)-conjugated CD11c monoclonal antibody
was purchased from eBioscience (San Diego, CA, USA; cat.
no. 12-0116-42). Rabbit anti-B-cell lymphoma 2 (Bcl-2) and
rabbit anti-Bcl-2-associated X protein (Bax) monoclonal
antibodies, and horseradish peroxidase (HRP)-conjugated
anti-rabbitIgG, were purchased from Santa Cruz Biotechnology,
Inc. (Dallas, TX, USA; cat. nos. sc-492, sc-6236 and sc-516087,
respectively). PE-conjugated goat anti-rabbit IgG polyclonal
antibody was obtained from R&D Systems, Inc. (Minneapolis,
MN, USA; cat. no. IC108P). Recombinant human interleukin
(IL)-2, IL-4 and granulocyte-macrophage colony-stimulating
factor (GM-CSF) were purchased from PeproTech (Rocky Hill,
NIJ, USA). Lymphocyte separation medium was purchased
from Tianjin Haoyang Biological Manufacture, Co., Ltd.
(Tianjin, China). IL-4 and IFN-y enzyme-linked immunosor-
bent assay (ELISA) kits were purchased from Wuhan Boster
Biological Technology, Ltd. (Wuhan, China).

MTT assay. MG-63 cells were seeded onto 96-well tissue
culture plates at a density of 2x10* cells/100 ul per well, and
incubated for 24 h at 37°C. The next day, the media were
replaced with 100 pl fresh complete medium containing
capsaicin (0, 12.5, 25, 50, 100, 200 and 400 M) and cisplatin
0, 4, 8, 16, 32, 64 and 128 ug/ml). The cells treated with
equal quantities of normal medium or solvent, instead of
drugs, served as the control. After 24 h incubation, 100 ul
MTT solution (0.5 mg/ml) in DMEM without fetal bovine
serum was added to each well and cultured for 4 h at 37°C
in a humidified atmosphere. The medium was removed
and 150 1l DMSO was added into each well to dissolve
the purple crystals, then the absorbance (A) at 570 nm was
recorded. The cell proliferation inhibition rate was calculated
according to the following formula: Cell proliferation inhibi-
tion rate = (A ool = Adrug)Acontrol X 100%.

Mitochondrial membrane potential (MMP). The lipophilic
fluorescence dye DiOC, (3) (40 nM) was used to assay the
mitochondrial membrane permeabilization. MG-63 cells
(2x10°) treated with 200 M capsaicin or 32 pg/ml cisplatin
were stained with DiOC (3) for 15 min at 37°C and analyzed
immediately by flow cytometry (FCM) equipped with a
standard 15 mW argon-ion laser (488 nm) to excite DiOC; (3).
Then, a narrow band filter was used to collect emissions
between 515 and 545 nm. A minimum of 10,000 cells were
analyzed by FCM for each data point.
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Western blot analysis. MG-63 cells (2x10°) were cultured in
DMEM medium containing 200 xM capsaicin or 32 ug/ml
cisplatin for 12 or 24 h and harvested. Cells were then lysed
with cell lysis buffer (Tris 50 mM, NaCl 150 mM, SDS 0.1%,
Sodium Deoxycholate 0.5% and 1% Triton X-100) for 20 min
on ice. The protein concentrations were determined using the
Pierce BCA Protein Assay kit (Thermo Fisher Scientific, Inc.),
after which the proteins in the lysate (45 pg) were separated by
10% SDS-PAGE and transferred onto a PVDF membranes. The
membranes were blocked with fat-free milk solution (5%, w/v)
for 12 h and then incubated with rabbit anti-Bcl-2 and anti-Bax
monoclonal antibodies (1:1,000) or anti-CRT polyclonal anti-
body (1:1,000) at 4°C for 12 h. After washing 3 times with
TBST, the membrane was incubated with an HRP-conjugated
anti-rabbit IgG antibody (1:4,000) at room temperature for 1 h
and developed using electrochemiluminescence.

Detection of CRT on the cell surface by FCM. MG-63 cells
were cultured in DMEM medium containing 200 #M capsa-
icin or 32 ug/ml cisplatin for 12 h and harvested. After washing
once with phosphate-buffered saline (PBS), the cells were
incubated with rabbit anti-CRT polyclonal antibody (1:1,000)
at room temperature for 1 h, following by washing and incu-
bation with PE-conjugated goat anti-rabbit IgG polyclonal
antibody (1:500) at room temperature for 2 h (avoiding light).
After washing with PBS, the cells were analyzed by FCM to
identify CRT on the cell surface.

In vitro phagocytosis assays. Peripheral blood mononuclear
cells (PBMCs) were isolated from human blood using lympho-
cyte separation medium (density, 1.077 g/ml) according to the
manufacturer's instructions. Following the last wash, PBMCs
(5x10°) were resuspended in RPMI-1640 and plated in 6-well
culture plates. After 3 h incubation, the monocytes were puri-
fied by removing the non-adherent cells in the supernatant.
Purified monocytes were cultured in a medium supplemented
with 30 ng/ml recombinant human GM-CSF and 10 ng/ml
recombinant human IL-4 in 6-well plates (1x10° cells/well).
After 7 days, the non-adherent and loosely adherent cells were
harvested as the dendritic cells (DCs) and were used as the
effector cells for the phagocytosis assay. The MG-63 cells
(1x10°) incubated with 200 M capsaicin or 32 ug/ml cisplatin
for 12 h were labeled with the green dye carboxyfluorescein
diacetate succinimidyl ester (1 yM) for 10 min and were
used as the target cells. The effector and target cells were
co-cultured at 37°C for 2 h at a 1:1 effector/target ratio. After
3 washes, anti-human CD11c PE was added to the cell mixture
for 30 min at room temperature (in the dark) to label the
effector cells. The cells were washed with PBS and analyzed
by FCM. The phagocytotic efficiency was represented by the
cell ratio of the double-positive cell number over the total cell
number.

IFN-y and IL-4 expression level analysis. PBMCs were
isolated as described above. Following the last wash, PBMCs
(5x10°%) were resuspended in RPMI-1640 and plated in 6-well
culture plates. After 3 h incubation, the non-adherent cells were
harvested as lymphocytes, and DCs were induced as described
above. The DCs loaded with drug-treated MG-63 cells were
co-cultured with lymphocytes at a ratio of 1:4. A volume of
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200 U/ml IL-2 was added into the cell mixture during the
culture period. After 24 h, the supernatant was collected, and
the IFN-y and IL-4 expression levels in the supernatant were
measured by ELISA, according to the manufacturer's instruc-
tions.

Statistical analysis. Data are presented as the mean + stan-
dard deviation of three independent experiments. Student's
t-tests were performed for the comparison of results between
different groups. All of the tests were performed using SPSS
software, version 17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

Growth inhibition of MG-63 cells by capsaicin or cisplatin.
An MTT assay was used to examine the growth inhibiting
effects of capsaicin and cisplatin on MG-63 cells. The result
showed that capsaicin and cisplatin significantly inhibit the
growth of MG-63 cells in a dose-dependent manner (Fig. 1).
After 24 h treatment, the inhibition percentage was 48.5%
for 200 M capsaicin and 58.3% for 32 pug/ml cisplatin. Since
these drug concentrations were close to median lethal doses
(capsaicin, 165.7 uM; cisplatin, 16.76 ug/ml), these concentra-
tions were used to treat cells in the following experiments.

Alteration of MMP induced by capsaicin and cisplatin.
Decreased MMP is a feature of apoptotic cells. In order to
determine whether capsaicin and cisplatin can induce apop-
tosis of MG-63 cells, the effect of the drugs on the MMP was
evaluated by FCM. The cells treated by 200 M capsaicin or
32 pug/ml cisplatin were stained with DiOC, (3), and the MMP
was detected by FCM. The results showed that treatment with
both drugs could decrease the ratio of cells with green fluores-
cence (Fig. 2). This result suggests that capsaicin and cisplatin
can induce the alteration of MMP in MG-63 cells, and then
initiate endogenous apoptosis.

Effects of capsaicin and cisplatin on the expression of
apoptosis-related proteins. To investigate the molecular
mechanism underlying capsaicin- and cisplatin-induced apop-
tosis in human MG-63 OS cells, the expression levels of
apoptosis-related proteins Bax and Bcl-2 were investigated
using western blot analysis. As shown in Fig. 3, the expression
level of Bax was markedly upregulated, and anti-apoptotic
Bcl-2 was markedly downregulated, when the cells were
treated with 200 uM capsaicin or 32 ug/ml cisplatin for 24 h.
This suggests that Bcl-2 and Bax proteins are involved in
capsaicin- and cisplatin-induced apoptosis.

Effect of capsaicin and cisplatin on the total expression
levels of CRT in MG-63 cells. To validate whether capsaicin
and cisplatin could affect CRT expression in MG-63 cells, a
western blot assay was used to analyze CRT protein expres-
sion in whole cell lysates. The result showed that treating cells
with capsaicin or cisplatin for 12 h did not change the total
cellular CRT expression level (Fig. 4).

Capsaicin and cisplatin promoted the translocation of CRT
onto the surface of MG-63 cells. To validate whether capsaicin
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Figure 1. Growth inhibition of capsaicin and cisplatin on MG-63 cells at
24 h. (A) MG-63 cells treated with capsaicin. (B) MG-63 cells treated with
cisplatin. n=4. “P<0.01 vs. control cells.

and cisplatin could affect CRT subcellular localization, MG-63
cells were treated with 200 yM capsaicin or 32 ug/ml cispl-
atin, and FCM was used to assay CRT expression on the cell
surface. The result (Fig. 5) showed that capsaicin treatment
for 12 h significantly increased the expression of CRT on the
cell surface, but no such effect was observed when the cells
were treated with cisplatin. In this experiment, MG-63 cells
have been dyed with fluorescence- labeled secondary antibody
alone as a control, to exclude non-specific fluorescence binding
to cells (Fig. 5).

Capsaicin treatment enhanced the phagocytosis of MG-63
cells by DCs in vitro. In view of the established role of CRT
as an ‘eat me’ signal, and the results from the experiments
described above, the difference of phagocytotic rates among
the two drug-treated MG-63 cells by DCs was investigated.
The DCs (effector cells) and drug-treated MG-63 cells (target
cells) were co-cultured for 2 h in a 1:1 effector/target ratio,
and the phagocytotic rate was determined by FCM. The results
(Fig. 6) showed that MG-63 cells treated with capsaicin were
phagocytosed at a higher rate than the MG-63 cells treated with
cisplatin, indicating that CRT on the cell surface enhanced the
phagocytosis of the human OS cells by DCs.

Activation of lymphocytes by DCs loaded with
capsaicin-treated MG-63 cells in vitro. To investigate whether
MG-63 cells with high CRT expression levels on the cell
surface can induce antitumor immunity, the ability of DCs
loaded with MG-63 cells to activate tumor cell-specific
T-cell responses was investigated. The drug-treated MG-63
cells (target cells) were co-cultured with DCs (effector cells),
then MG-63-loaded DCs were further co-cultured with
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Figure 2. Capsaicin and cisplatin affect the mitochondrial membrane potential of MG-63 cells. (A) MG-63 cells; G-63 cells treated with (B) capsaicin and

(C) cisplatin. FITC, fluorescein; PI, propidium iodide.
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Figure 3. Western blot analysis was used to identify the expression of
Bcl-2 and Bax in MG-63 cells. (1) MG-63 control cells; MG-63 cells
treated with (2) cisplatin and (3) capsaicin. Bcl-2, B-cell lymphoma 2; Bax,
Bcl-2-associated X protein.

Iymphocytes for 24 h. The IFN-y and IL-4 expression levels
in the supernatant were then analyzed by ELISA. The result
(Fig. 7) showed that, compared with MG-63 cells treated with
cisplatin, capsaicin-treated MG-63 cells expressed a higher
level of IFN-y (P<0.01) in the supernatant, but no significant
change was observed in the IL-4 expression level.

Discussion

The role of the immune system in anticancer therapy has been
long neglected, as chemo- and radiotherapy-induced cell death
frequently occurs through apoptosis, a cell death modality
that was widely considered as immunologically silent, if not
tolerogenic (14-16). In addition, cytotoxic chemotherapeutics
are typically considered to be immunosuppressive (17,18).
Moreover, chemotherapy- induced nausea is often treated
with high dose corticoids, which also induce an unwarranted
immunosuppressive side effects (19).

In recent years, increasing evidence has demonstrated that
anumber of chemotherapeutics can induce ICD (20). Exploring
effective ways and routes that can induce ICD have already
become the hot spot of tumor prevention and therapy (21).

In the process of tumor cell apoptosis induced by various
physical and chemical factors, CRT within endoplasmic
reticulum (ER) is rapidly translocated to the cell surface (22).
In homeostatic conditions, CRT is localized to the ER, where

1 2 3
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Figure 4. Western blot analysis was used to identify the expression of CRT in
MG-63 cells. (1) MG-63 control cells; MG-63 cells treated with (2) cisplatin
and (3) capsaicin. CRT, calreticulin.

it functions as a molecular chaperone and modulates calcium
homeostasis (23). However, small quantities of CRT can be
detected in other intracellular compartments, including the
cytosol and nucleus (24,25).

CRT on the cell surface has numerous functions, including
the modulation of cell adhesion and migration (26), and
mediating the phagocytosis of apoptotic tumor cells by profes-
sional and non-professional phagocytes (11,27-29). During the
process of tumor cell apoptosis induced by special stimulus,
CRT is rapidly translocated from the ER to the cell surface
and serves as an ‘eat me’ signal that can be recognized by
phagocytes within hours after the initiation of ICD (11,28,29).
Subsequently, the tumor cells undergoing apoptosis down-
regulate the expression of ‘do not eat me’ signals, such as
surface CD47, to facilitate the recognition and engulfment of
the tumor cells by phagocytes, then to induce the anticancer
immune response (30).

Only a small quantity of conventional cytotoxic anticancer
therapeutics can induce ICD (11,29); therefore it is clinically
significant to explore novel chemicals that can induce ICD. In
the current study capsaicin and cisplatin were tested for their
ability to induce ICD. Human MG-63 OS cells were treated
with capsaicin or cisplatin, and flow cytometry assay analysis
was used to determine the changes in CRT expression levels
on the cell surface. The result showed that capsaicin and
cisplatin can induce apoptosis of MG-63 cells; however, only
capsaicin treatment increased the expression level of CRT on
the cell surface. Since the total CRT expression levels did not
significantly change in MG-63 cells treated with capsaicin and
cisplatin compared with the control, CRT appearing on the
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Figure 5. Flow cytometry was used to detect the expression of calreticulin on the surface of MG-63 cells. (A) MG-63 control cells; (B) MG-63 cells without a

primary antibody; MG-63 cells treated with (C) cisplatin and (D) capsaicin. FITC, fluorescein.
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Figure 6. Treatment with capsaicin and calreticulin enhanced the phagocytosis of MG-63 cells by dendritic cells (DCs) in vitro. (A) MG-63 control cells were
used as target cells; (B) Cisplatin- and (C) capsaicin-treated MG-63 cells were used as target cells. FITC, fluorescein; PI, propidium iodide.
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Figure 7. Apoptotic MG-63 cells induced by capsaicin increased the secretion of IFN-y by lyphocytes. ELISA was used to assay the level of (A) IFN-y and
(B) interleukin-4. “P<0.01 vs. MG-63 cells. IFN-y, interferon-y.



770

surface of capsaicin-treated MG-63 cells may be derived from
the membrane translocation of CRT from the ER.

DCs serve important roles in processing and presenting
of antigens, thus the recognition and phagocytosis of tumour
cells by DCs is crucial in ICD (29). In order to evaluate the
effect of capsaicin and cisplatin on the phagocytosis of MG-63
cells by DCs, the labeled MG-63 cells treated with capsaicin
and cisplatin (the target cells) were co-cultured with the DCs
(the effector cells), and FCM analysis was used to determine
the phagocytic rate. The results showed that capsaicin-treated
MG-63 cells were phagocytosed at a higher rate than MG-63
cells treated with cisplatin, indicating that CRT on the cell
surface can enhance the phagocytosis of human OC cells by
DCs.

Based on the above results, it can be suggested that capsa-
icin-treated MG-63 cells can activate lymphocytes through
DCs using their phagocytosis and antigen presenting proper-
ties. To confirm this conjecture, in the current study MG-63
cells treated with capsaicin were co-cultured with DCs, and
these MG-63-loaded DCs were co-cultured with lymphocytes
for 24 h. The IFN-y concentration in the supernatant was then
analyzed by ELISA. The result showed that, compared with
cisplatin-treated MG-63 cells, the capsaicin-treated MG-63
cells induced a higher production and release of IFN-y from
lymphocytes into the culture medium.

In conclusion, the results from the present study demon-
strate that capsaicin can induce the translocation of a large
quantity of CRT from intracellular compartments to the cell
surface in human OS cells. In addition, CRT on the human
OS cell surface can be used as specific signaling molecules
to promote the phagocytosis of tumor cells, thereby medi-
ating tumor cell immunogenic death. This may be one of the
underlying molecular mechanisms of capsaicin's anti-tumor
cytotoxicity. These results indicate that capsaicin can be
explored as a novel drug to treat OS.
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