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Combination of salinomycin and radiation effectively eliminates
head and neck squamous cell carcinoma cells in vitro
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Abstract. The antibiotic drug salinomycin has been reported
to mediate cancer cell-specific cytotoxicity, especially
regarding cancer stem cells. Since salinomycin has also been
reported to arrest cancer cells in the G2 phase, it may have
possible radiosensitizing effects. Radiotherapy is a common
therapeutic strategy for head and neck squamous cell carci-
noma (HNSCC). The aim of the present study was to evaluate
a possible influence of salinomycin on the radiosensitivity
of the HNSCC cell line HLaC-78 in vitro. HLaC-78 cells
were incubated with 5 M salinomycin or control medium
for 24 h and then received 5-Gy irradiation. Subsequently,
analysis of cell viability, apoptosis, necrosis and motility
through an MTT and a colony formation assay, as well as an
Annexin V/propidium-iodide test, a consecutive cell count for
four days and a scratch assay were conducted. Additionally,
interleukin-8 secretion was assessed using ELISA, due to its
role in tumor progression and angiogenesis. Combined treat-
ment with salinomycin and radiation revealed a significantly
higher reduction of tumor cell viability, proliferation, motility
and secretory capacity compared to cells receiving only one of
the treatments alone. Therefore, it is postulated that radiation
and salinomycin are an effective combination therapy against
HNSCC, a hypothesis which warrants further investigation in
cell lines, as well as in an animal model.

Introduction

Each year 5% of all newly diagnosed malignant tumors
in the USA, are head and neck squamous cell carcinomas
(HNSCCs) (1). Furthermore, at the time of diagnosis, the
majority of the patients present with locally advanced-stage
disease (2). Thus, the overall 5-year survival rate has not
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improved significantly since the 1970s and is currently
approximately 60% (3).

For unresectable HNSCC, combined chemoradiation
is the most frequently conducted therapy (4). The cytostatic
agent cisplatin was introduced as a radiosensitizing drug in
1979 (5) and is currently the most frequently used radiosensi-
tizer for HNSCC and for the majority of other cancer entities.
Another former chemotherapeutic agent, mitomycin C, has
also been used for its additive effects with radiation for more
than 40 years (6). Both cisplatin and mitomycin C mainly
contribute to the effect of radiation by arresting cancer cells in
the G2 phase (7). In addition, radiation therapy has undergone
substantial changes, notably with the introduction of intensity-
modulated radio therapy (IMRT), regarding the efficacy and
the reduction of therapy-associated morbidity (8). However,
locoregional relapse and distant metastases still occur in
40-60% of the patients treated with primary combined
chemoradiation (9). Thus, there is a need for new therapeutic
strategies in order to maximize the effects of radiation, while
not increasing its side effects.

Salinomycin is a mono-carboxylic polyether antibiotic
agent isolated from the bacterium Streptomyces albus (10). Its
main use is in veterinary medicine against coccidial parasites
in poultry (11). In the last decade, however, accumulating
evidence indicates a role for salinomycin as an anticancer
drug (12). Out of a vast amount of 16,000 compounds,
salinomycin has been identified as the most effective agent
in eliminating cancer stem cells (CSCs) and has been
demonstrated to be more than 100-fold more effective than
paclitaxel (13). These CSCs, whose cell markers have been
identified in several HNSCC cell lines as well (14), have been
indicated as a possible reason for the failure of conventional
cancer treatment (15,16), making salinomycin an interesting
candidate as an anticancer drug. Several studies have already
elucidated the potential role of salinomycin as a cancer-
specific cytotoxic drug. Salinomycin has been demonstrated
to effectively eliminate cancer cells of lung (17), breast (18),
gastric (19) and myeloic (20) origin in vitro. Scherzed et al (21)
also demonstrated a tumor-inhibitory effect of salinomycin on
HNSCC cell lines in vitro. In different animal models, this
inhibitory effect on tumor cell proliferation and tumor growth
was also demonstrated for hepatocellular (22) and nasopha-
ryngeal (23) carcinoma in vivo. The underlying mechanisms
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of this tumor cell cytotoxicity that have been described include
an increase in apoptosis via the accumulation of reactive
oxygen species (ROS) (24), inhibition of the Wnt/f-catenin
signaling (20), inhibition of Akt/NF-«B (25) and death
receptor-5 upregulation (26).

Apart from the antitumorigenic properties of salinomycin,
a more effective tumor elimination effect was demonstrated
when combining salinomycin with different cytostatic drugs
such as cisplatin (27), paclitaxel (28), gemcitabine (29) and
doxorubicin (30). Salinomycin has also been demonstrated to
overcome drug resistance in cancer cells, especially regarding
cisplatin (26,31,32).

Another major effect of salinomycin has been found to be
the mediation of cancer-cell arrest in the G2 phase and the cause
of DNA damage (18,33), which is an indicator for a potential
use of salinomycin as a sensitizer for radiation therapy. For a
breast cancer cell line, the radiosensitizing properties of sali-
nomycin have already been described (33). In contrast other
studies, revealed cell cycle arrest in the GO/G1 phase medi-
ated by salinomycin (26,34). For HNSCC, however, data on
salinomycin-induced radiosensitizing effects are scarce.

An emerging role in tumor progression is being played by
interleukin-8 (IL-8). It has been associated with tumor progres-
sion and angiogenesis and its increased expression negatively
impacts patient survival (35,36). Furthermore, previous studies
have demonstrated a correlation between the antitumor effects
of different substances such as simvastatin and celecoxib and
a decrease in IL-8 secretion by the treated cancer cells (37).
Hence we decided to include an analysis of IL-8 secretion into
our test assays in the present study.

The aim of the present study was to evaluate the effect
of a combination therapy of radiation and salinomycin on an
HNSCC cell line in vitro.

Materials and methods

Cell culture. The HNSCC cell line HLaC-78 was obtained from
ECACC (European Collection of Authenticated Cell Cultures;
Salisbury, UK). The cells were grown in RPMI-expansion
medium (RPMI-EM) consisting of RPMI-1640 medium
(Biochrom AG,Berlin, Germany) with 10% FCS, 100 U/ml peni-
cillin, 100 ug/ml streptomycin, 1% sodium pyruvate (100 mM,;
Biochrom AG) and 1% non-essential amino acids (100-fold
concentration; Biochrom AG). The cells were cultured in
culture flasks at 37°C with 5% CO,. The medium was replaced
every other day and passaging was performed after reaching
70-80% confluency by trypsinization, with subsequent washing
and seeding in new flasks or treatment wells. The experiments
were performed using cells in the exponential growth phase.
All experiments were performed using three ‘biological repli-
cates’ (three fresh cultures on different days from the available
stock) and three technical replicates.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. After three days of culture, an MTT (Sigma-
Aldrich Chemie GmbH, Taufkirchen, Germany) colorimetric
staining method was performed according to Mosmann (38)
to determine cell viability. The cells were seeded at
10,000 cells/well in a 12-well plate. All wells were incubated
with 1 ml MTT (1 mg/ml) for 5 h at 37°C and 5% CO,. MTT
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was then removed and 1 ml isopropanol was added, followed
by another incubation period of 1 h at 37°C and 5% CO,.
Assessement of the color conversion of the blue formazan dye
was performed using a multi-plate reader (Titertek Multiskan
PLUS MK II; Thermo Fisher Scientific, Inc., Darmstadt,
Germany) at a wavelength of 570 nm. Initially, the doses of
salinomycin and radiation required for the present study were
evaluated by the MTT assay, resulting in 5 yM/ml salinomycin
and a radiation dose of 5 Gy (Fig. 1).

Radiation of cell cultures. To examine the effect of irradia-
tion, the HLaC-78 cells were irradiated 24 h after onset of the
cultures at a dose of 5 Gy using a 6 MV linear accelerator
(Siemens, Concord, CA, USA) at a dose rate of 2 Gy/min.

Exposure to salinomycin and radiation. HLaC-78 cells
were treated with 5 yM/ml salinomycin (Sigma-Aldrich,
St. Louis, MO, USA), 5 Gy radiation or the combination of
both. Incubation with salinomycin was conducted 8 h before
performing radiation in the combination group. Analytical
assays were performed after 24 h of incubation.

Colony formation assay. The HLaC-78 cells were seeded into
6-well plates at a concentration of 2.5x10° cells/well in triplicate.
The well plates were defined for cells treated with salinomycin,
radiation or the combination of both. HLaC-78 cells cultivated
in RPMI-EM served as the control. The cells were incubated
for 14 days. After two weeks, the well plates were stained with
crystal violet and the colonies were counted manually.

Cell count. A total of 5x10*cells were incubated in DMEM-EM
at 37°C with 5% CO, for 4 days, while electronically evalu-
ating the cell number and cell viability each day using CASY®
Technology (Innovatis AG, Reutlingen, Germany). Only cells
labeled viable by electronic counting were included in the cell
counting analysis.

Annexin V/propidium iodide (PI) test. The BD Pharmingen
Annexin V-APC kit (BD Biosciences, Heidelberg, Germany)
was used to evaluate apoptosis. After 3 days of co-culture,cells in
suspension and adherent cells were harvested, then washed twice
with phosphate-buffered saline (PBS) and resuspended in 1:10
binding buffer [0.1 M HEPES (pH 7.4; Sigma-Aldrich), 1.4 M
NaCl and 25 mM CaCl,] at a concentration of 1x10° cells/ml.
Aliquots of this cell suspension (100 ul; 1x10° cells) were then
transferred to a 5 ml culture tube. PI (5 ul) and Annexin V-APC
(5 ul) were added to each aliquot. After 15 min of incubation at
room temperature in the dark, the cells were resuspended with
400 gl 1:10 binding buffer. A FACSCanto flow cytometer was
used to analyze the samples with BD FACSDiva version 5.0.3
software (both from BD Biosciences). Only cells with damaged
membranes were stained by PI.

Scratch assay. A scratch assay was used to analyze cell
migration capability. HLaC-78 cells (1x10° cells/ml) were
cultivated in a 12-well round-bottom plate at 37°C and 5%
CO,. After 24 h, a straight-line wound was induced with a
sterile 1 ml pipette tip. Subsequently, the culture plates were
washed with PBS and images were captured (day 0) with a
Leica DMI4000 B Inverted Microscope at x40 magnification
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Absorbance at 570 nm

Figure 1. Determination of the doses of salinomycin and radiation by MTT
assay. Salinomycin (5 #pM/ml) and 5 Gy of radiation were chosen for the
experiments consequently. “P<0.05 compared to the control group; Sal,
Salinomycin; nm, nanometer; Gy, gray.

(Leica Microsystems GmbH, Wetzlar, Germany). The cells
were then incubated for a further 24 h at 37°C with 5% CO,,
before images of the plates were captured (day 1) and the
percentage of the wound closure was evaluated. This was
repeated after another 24 h of incubation (day 2). The
calculation of the area of the wound closure was investigated
using ImagelJ software (version 1.43u, open source product) at
days 0, 1 and 2.

Cell cycle analysis. To analyze the effect of salinomycin and
radiation on the cell cycle of HLaC-78 cells, 1x10° cells were
cultivated in 12-well plates in triplicate. Following a 48 h
period, HLaC-78 cells were trypsinized and washed twice
with cold PBS. The cells were then fixed in 1 ml of 70% cold
ethanol in test tubes and incubated for 2 h at 4°C in the dark.
After incubation, the cells were centrifuged at 500 g for 5 min
at 4°C and resuspended in 500 ul PI (BD Biosciences). After
another incubation at 4°C in the dark for 15 min, the cells
were analyzed with flow cytometry within 1 h. HLaC-78 cells
cultivated in RPMI-EM served as the control.

IL-8 ELISA. For determining the secretion of IL-8, the super-
natants were collected (centrifugation, 150 x g for 5 min at
37°C) after 3 days of co-culture and stored at -20°C in sterile
tubes until further use. RPMI-EM served as the control. The
Human IL-8 ELISA kit (cat. no. 950.050.192; Diaclone SAS,
Besancon, France) was used and the experiments were
performed in duplicate. The ELISA plate was read at 450 nm
(Titertek Multiskan PLUS MK II; Thermo Fisher Scientific,
Inc.). The concentrations of IL-8 were determined by
constructing a standard curve using recombinant IL-8.

Statistical analysis. The data collected were transferred
to standard spreadsheets and statistically analyzed using
GraphPad Prism software (version 6.0; GraphPad Software,
Inc.,LaJolla, CA,USA). Data are presented as the mean + stan-
dard deviation of three experiments, unless otherwise stated.
The Gaussian distribution was tested by first column analysis.
One-way or (to include time-dependency for cell counting)
two-way analysis of variance (ANOVA) followed by Tukey's
multiple comparison test was used. Additionally, multiplicity
adjusted P-values were determined. P<0.05 was considered to
indicate a statistically significant difference.
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Figure 2. MTT assay. Treatment by salinomycin, radiation and the combina-
tion therapy decreased tumor cell viability compared to the control group
(P<0.05 each). Combination therapy was more effective than radiation
alone (P<0.005), but not in comparison to salinomycin alone (P>0.05).
nm, nanometer; 'P<0.05.
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Figure 3. Colony formation assay. All three therapeutic groups exhibited less
colony forming than the control group (each P<0.05, indicated by 3 asterisks).
While radiation was more effective than salinomycin (P<0.05), the combina-
tion therapy reduced colony forming significantly more than salinomycin or
radiation alone (P<0.05 for both); "P<0.05.

Results

MTT assay. The MTT assay revealed a significant reduction of
tumor cell viability for treatment with salinomycin (P<0.05) and
radiation alone (P<0.05) as well as for the combination therapy
(P<0.05). The combination treatment did not exhibit a more
significant effect than that of salinomycin alone (P>0.05), but
it was significant compared to radiation alone (P<0.05) (Fig. 2).

Colony formation assay. Salinomycin and radiation alone as well
as the combination of both led to a significantly reduced amount
of cell colonies after 14 days (P=0.0001 for all). The combina-
tion therapy also proved to be significantly more effective than
salinomycin (P=0.0001) or radiation (P=0.0039) alone (Fig. 3).
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Two-way ANOVA significancies:
Radiation: p=0.0001  ***
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Figure 4. Consecutive cell counting. During the course of four days, salino-
mycin and radiation alone as well as the combination of both significantly
reduced tumor cell proliferation (P<0.05 for each). Two-way ANOVA
revealed significances for each therapy alone, the interaction of both as well
as time as a factor in it. ““Indicating high significance.

Vitality in cell count

Two-way ANOVA significancies:

Radiation: p=0.0001 ***
Salinomycin: p=0.0001 *™*
Interaction: p=0.0001 ***
Time: p=0.0001 ***
1007
[ Control
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Figure 5. Cell vitality assessed during cell count. After an initial decline, the
vitality of tumor cells increased with time, but was reduced in all therapeutic
groups compared to the control group. Two-way ANOVA demonstrated
significances for salinomycin, radiation, the interaction of both therapies as
well as time as a factor (P<0.05 for each).

Cell count. After 4 days of culture, there was a significantly
slower cell proliferation when treated with salinomycin
(P=0.0001) or radiation (P=0.0001) alone, but upon receiving
combined treatment, the effect was significantly augmented
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Figure 7. Statistical analysis of the Annexin/propidium-iodide assay. The
upper graph demonstrated the percentage of necrotic cells, while the lower
one demonstrated the percentage of apoptotic cells in flow cytometry. No
statistically significant differences could be demonstrated.

(P=0.0001) (Fig. 4). Cell vitality was assessed in the same
process as cell counting. Following an initial decline, there
was an increase over time, which was lower for all thera-
peutic groups compared to the control group (P=0.0001 for
salinomycin, radiation and combined treatment) (Fig. 5).

Annexin V/PI test. There was a general trend for salinomycin
to increase the percentage of necrotic cells and for radiation to
increase the percentage of apoptotic cells (Fig. 6), yet this was
not statistically significant (Fig. 7). In combination therapy, there
were higher percentages for both necrotic and apoptotic cells,
but they also did not reach a statistical significance (Fig. 7).

Scratch assay. Both radiation alone (P=0.0338) and combi-
nation therapy (P=0.0001) increased the cell-free area 48 h
after the straight-line wound was applied to the cultured
cells compared to the control group, while salinomycin
alone did not (P=0.1309) (Fig. 8). The combined treatment
led to a further increase of this effect compared to salino-
mycin and radiation alone (P=0.0001 for both), indicating
a reduced tumor cell motility. Between salinomycin and
radiation alone, no statistically significant difference was
observed (P=0.9014).
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Figure 6. Annexin/propidium iodide assay. No statistically significant differences between the 4 groups in terms of necrosis or apoptosis could be demonstrated
(data not shown). Q1, damaged cells; Q2, necrotic cells; Q3, viable cells; Q4, apoptotic cells; APC-A, allophycocyanin-A.
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Figure 8. Scratch assay. Radiation and the combination therapy led to
a significant increase in cell-free area after 48 h (P<0.05, indicated by
3 asterisks) compared to the control group. Combination therapy also proved
to decrease tumor cell motility in significantly higher levels than salinomycin
or radiation alone (P<0.05 for both). "P<0.05.

Cell cycle analysis. The flow cytometric cell cycle analysis
revealed a rising number of cells in the GO/G1 phase after the
addition of salinomycin, while after radiation the number of
cells in the G2 phase was increased. When used in combi-
nation, both a GO/G1 arrest as well as a G2 arrest were
observed (Fig. 9).

IL-8 ELISA. Salinomycin and radiation alone as well as the
combination of both reduced the amount of IL-8 secretion of
the tumor cells (P=0.0001, P=0.0004 and P=0.0001, respec-
tively). Salinomycin alone was significantly more effective in
this regard than radiation alone (P=0.0001). The combination
therapy proved to reduce IL-8 more effectively than radiation
alone (P=0.0001), but not compared to salinomycin alone
(P=0.1031) (Fig. 10).
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Figure 10. IL-8 ELISA. In all 3 therapeutic groups a decrease in the amount
of IL-8 (P<0.05, indicated by 3 asterisks) was observed. While salinomycin
proved to be more effective therein than radiation (P<0.05), the combination
therapy led to significantly lower levels of IL-8 than salinomycin or radiation
alone (P<0.05 for both). “P<0.05; IL-8, interleukin-8.

Discussion

The aim of the present study was to investigate the effects
of a combination therapy of salinomycin and radiation on a
HNSCC cell line in vitro. Although many advances regarding
the therapy of HNSCC have been made in the last decades,
the overall survival rates are still not satisfying (3). The
development of tumor cell resistance to radiotherapy (39) or
chemotherapy (40) plays a key role in this regard. The emer-
gence of immunotherapy as an important keystone in cancer
therapy during the last decade has demonstrated tremen-
dous results for various tumor entities (41,42). For HNSCC,
however, immunotherapy is only at its dawn and the results
thus far cannot reach up to those of melanomas or hematologic
neoplasms (43). Whether this is due to HNSCC not being
highly immunogenic compared to other entities remains to be
verified (44).
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Figure 9. Cell cycle analysis. Treatment by salinomycin increased the number of cells in the G1 phase, while radiation increased the number of cells in the
G2 phase. In combination therapy, both an increase in the G1 and the G2 phase can be seen. P2, cells in the GO/GI1 phase; P3, cells in S phase; P4, cells in

G2 phase.
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Lately, the existence of CSCs as a subpopulation of
tumor cells has found a broad consensus (45,46). These
CSCs have been observed in a multitude of tissues (14,47)
and have already been revealed to be a possible factor for
therapeutic failure in clinical studies (48,49). They have been
demonstrated to possess numerous intrinsic mechanisms of
resistance to conventional chemotherapeutic drugs as well as
novel tumor-targeted drugs. Among these mechanisms are the
activation of the Wnt/fB-catenin signaling (50), the amplified
checkpoint activation (51), an expression of the ATP-binding
cassette (ABC) drug transporters (52), an activation of the
Hedgehog and Notch signaling pathways (53) and a metabolic
alteration with preference for hypoxia (54). They have also
been demonstrated to possess and to promote radioresis-
tance (55), possibly through a radiation-induced conversion of
cancer cells to CSCs (56). Several HNSCC cell lines have also
been revealed to possess stem cell markers such as CD44 (14).
Hence, there is a need for drugs targeting CSCs as well as
regular tumor cells.

Salinomycin, used as a veterinary anti-microbiotic drug for
more than 40 years, was first revealed to be an effective agent
against CSC in 2009 (13). It was demonstrated that the appli-
cation of salinomycin not only eliminated CSCs of different
tumor tissues (57,58), but it could also efficiently kill regular
tumor cells (59). This included human cancer cells displaying
different mechanisms of drug and apoptosis resistance (59) as
well as ABC-transporter-mediated multidrug resistance (60).
In addition, treatment with salinomycin prevented radioresis-
tance in cancer cells (33). Therefore, salinomycin is a primary
target of interest for new substances able to counteract the
resistance to radiation or medical tumor therapies.

In the present study, salinomycin as well as radiation alone
exhibited a significant reduction of tumor cell viability and
proliferation. While radiation proved to be more efficient in
the more time-dependent colony formation assay, the more
short-termed tests like the MTT assay and the cell counting
revealed a higher reduction of cell viability and proliferation
by salinomycin. This confirmed previous data by Wu et al (23)
stating an effect of salinomycin on differentiated HNSCC cells
in addition to targeting CSCs. The combination of salinomycin
and radiation demonstrated significantly better results than
each therapy alone, which was already observed for a naso-
pharyngeal cell line (61,62), thus confirming these effects in
the laryngeal carcinoma cell line. The results from the cell
counting and colony formation assay furthermore indicated a
prolonged effect of salinomycin quite some time after its one-
time application.

In the present study, salinomycin appeared to mostly
increase necrosis rather than apoptosis, even if this did not
reach statistical significance. In most studies an increase
in apoptosis through salinomycin via the mito + chondrial
pathway of apoptosis (24) or a generation of reactive oxygen
species (ROS) (63) was reported, while an induction of
non-apoptotic cell deaths (64) was rarely observed. Since
salinomycin interferes with transmembrane K* potential and
promotes the efflux of K* from mitochondria and cytoplasm,
this could be another possible mechanism of cytotoxicity,
which could be an explanation for the high efficiency in the
MTT assay (65). However, most apoptotic and non-apoptotic
mechanisms mediated by salinomycin remain unknown and
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there appears to be a great variance among the different types
of tissue the cancer cells are derived from (12).

The cell cycle analysis revealed a G2-arrest by radiation, as
was expected. Salinomycin, on the other hand, demonstrated
a profound arrest of the tumor cells in the GO/G1 phase. In
literature, there are differing results for salinomycin inter-
fering in the cell cycle. Some studies reported a G2-arrest on
cancer cells, most notably those who also reported a radiosen-
sitizing effect of salinomycin (33,62). Others demonstrated a
GO/G1 arrest (34) or even a prevention of G2 arrest (64). To be
a candidate as a radiosensitizer such as cisplatin, a G2 arrest
would be highly valuable. As such, for the cell line used in the
present study no G2 arrest could be demonstrated, rendering
its use as a classical radiosensitizer improbable. Nonetheless,
a concurrent arrest in the GO/G1 phase via salinomycin and in
the G2-phase via radiation could be a beneficial additive effect
in tumor therapy.

The scratch migration assay revealed a similar inhibition
of tumor cell motility by salinomycin or radiation alone. In
combination therapy, however, the cell-free surface after 48 h
was significantly higher than in each therapy alone. Information
on the effect of salinomycin on tumor cell motility is scarce in
literature. For mesenchymal derived stem cells (MSC), an inhi-
bition of migrational capabilities by salinomycin was already
demonstrated (66). Sun ef al (67) reported on attenuated liver
cancer stem cell motility by enhancing cell stiffness and
increasing F-actin formation via the FAK-ERK1/2 signalling
pathway mediated by salinomycin. Kopp et al (68) demon-
strated reduced migration and thereby reduced metastasis
formation with salinomycin for breast and lung cancer cell
lines. Therefore, salinomycin appeared to have an additional
effect on the migrational capabilities of cancer cells.

In the present study, an IL-8 ELISA was included into
the test array. IL-8, one of the ELR* CXC family of chemo-
kines, is a potent pro-angiogenic factor and its expression
is associated with angiogenesis, tumor progression and
survival in patients with cancer (35,36). For other substances
such as simvastatin or celecoxib, which have been recently
tested for tumortoxic properties as well, a decrease in IL-8
secretion by the cancer cells as part of the antitumor effects
could be demonstrated (37). For salinomycin, only a single
study contained data on IL-8, reporting on an elevated IL-8
secretion when treating human nasal mucosa and peripheral
blood lymphocytes with 5 uM salinomycin (69). For cancer
cells, no data on the changes of IL-8 secretion are available
in the literature. In the present study, a significant reduc-
tion of IL-8 secretion following treatment with salinomycin
compared to radiation alone and an additional effect when
combining salinomycin and radiation was observed. Since
IL-8 is a prominent factor in angiogenesis and progression in
cancer, this could be another mechanism contributing to the
antitumor effects of salinomycin. While the decrease in IL-8
is partly attributed to the concurrent decrease in cell number
in the respective groups, the amount of IL-8 reduction cannot
be completely explained hereby and suggests an additional,
underlying salinomycin-dependent mechanism.

In conclusion, salinomycin and radiation effectively
eliminated HNSCC cells in vitro, with the combination of
salinomycin and radiation being more efficient than each of
the therapies alone. The underlying mechanisms involved a
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reduction in cell viability and proliferation, reduced tumor-cell
motility and migration, cell cycle arrest in the GO/G1 phase and
decreased secretion of IL-8. Although salinomycin may not
be a classical radiosensitizer, the many different mechanisms
by which it affects tumor cells and especially CSCs, justify
further investigation on the possible role of salinomycin as an
additive medical therapy for cancer treatment.
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