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In vitro demonstration of salinomycin as a novel
chemotherapeutic agent for the treatment of
SOX2-positive glioblastoma cancer stem cells
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Abstract. Glioblastoma multiforme (GBM) is the dead-
liest and most common form of primary brain tumor.
Conventional treatments are ineffective at treating GBM due
to the heterogeneous cellular makeup of the tumors as well
as the existence of drug-resistant cells known as cancer stem
cells (CSCs). CSCs have the ability to initiate tumorigenesis
and self-renew, which can lead to recurrence. Salinomycin,
an antibiotic commonly used in agricultural feed, has been
revealed to target CSCs in other cancer types. A few studies
have suggested salinomycin can be effective at treating glio-
blastoma stem cells (GSCs); however, no study has examined
the effect of salinomycin treatment on GSC markers. In
the present study, flow cytometry, RT-qPCR, and limiting
dilution assays were used to further analyze the effects of
salinomycin on GSCs. It was revealed that salinomycin
decreased the expression of the GSC marker SOX2 at both
the transcriptional and translational level. However, the effect
of salinomycin on the GSC markers Nestin and CDI33 was
inconsistent between GBM subtypes. Additionally, the present
findings provide initial evidence of caspase-3-dependent and
independent apoptosis as the method by which salinomycin
induces cell death in GBM. The present results indicated that
salinomycin is an effective candidate as a chemotherapeutic
agent that can treat GBM by targeting both bulk tumor cells
as well as CSCs.
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Introduction

Glioblastoma multiforme (GBM) is the most common and
deadliest form of brain cancer (1-3). Although current treat-
ments are rigorous, including surgery and chemotherapy, the
prognosis for patients with GBM remains poor. The median
survival rate is 14.6 months, and the two-year survival rate
is 30% (1,4). This poor prognosis in GBM and other solid
tumors is often attributed to the presence of cancer stem cells
(CSCs) (5-8). This subpopulation of cells has the unique abili-
ties to self-renew, differentiate, and initiate tumorigenesis. Due
to this, CSCs play an important role in recurrence and metas-
tasis. Glioblastoma stem cells (GSCs) have also been revealed
to be resistant to conventional therapies (9,10), underscoring
the need to develop treatments that account for the cellular
heterogeneity found in GBM environments, specifically with
regard to GSCs.

While the properties of self-renewal, differentiation, and
tumorigenesis define GSCs, practically, it is easier to use GSC
markers for their identification. These markers are proteins
that are commonly expressed by GSCs and associated with
the stem cell phenotype (11). A variety of GSC markers have
been proposed and debate continues on which markers are the
most accurate (11). Three of the most commonly examined GSC
markers are CDI33, SOX2 [SRY (sex determining region Y)-
box transcription factor 2], and Nestin. CD133 is a cell surface
glycoprotein of unknown function and was the first identi-
fied GSC marker (6,8,11). Cells that are CDI33-positive have
exhibited an increased ability to form tumors in vivo. SOX2 is
a marker of embryonic stem cells used in somatic reprogram-
ming. The knockdown of SOX2 in GSCs has been revealed to
reduce their tumorigenesis and chemoresistance (12). Nestin is
a class VI intermediate filament also found in non-malignant
neural stem cells. Nestin-positive cells have demonstrated radio-
resistance and increased tumor formation (13).

One drug that has shown promise in targeting CSCs is sali-
nomycin, a monocarboxylic polyether antibiotic isolated from
Streptomyces albus (14). Salinomycin has been used as an
anticoccidial in poultry since the 1970s, and it acts as an iono-
phore with a preference for Na* and K* (15). A high-throughput
study in 2009 identified the potential of salinomycin to kill
stem cell-like breast cancer cells and significantly reduce
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their tumor seeding ability in mice (14). Several other studies
since then have revealed the effect of this drug on other types
of CSCs including acute myeloid leukemia, lung cancer,
colorectal cancer, and prostate cancer (16-18). Salinomycin has
been revealed to overcome ATP-binding cassette transporters
in acute myeloid leukemia, inhibit the Wnt signaling in chronic
lymphocytic leukemia, and induce apoptosis in both of these
cancers (19-21). The mechanism by which salinomycin exerts
these capabilities remains unknown.

In a previous study, we hypothesized that salinomycin
would specifically target the GSCs (22). Although several
studies have suggested that salinomycin is effective against
GBM, the effect of the drug on GSCs is understudied. Prior
studies demonstrated that salinomycin decreases the viability
of GSC-enriched cultures more than non-GSC enriched
cultures, and that salinomycin inhibits neurosphere forma-
tion, a functional marker for stemness (23-25). In the present
study, we corroborated these previous studies on the suscep-
tibility of GSC-enriched cultures and neurosphere formation.
Furthermore, novel evidence was provided of the ability of
salinomycin to decrease the expression of the GSC marker
SOX2 atboth the transcriptional and translational level. Finally,
preliminary evidence was provided that salinomycin-induced
death of GSCs is achieved via the apoptotic pathway.

Materials and methods

Cell culture. Three human glioblastoma cell lines were used:
Established glioblastoma cell line of unknown origin U87-MG
(ATCC HTB-14) (26), primary glioblastoma cell line SMC448
(kindly provided and STR-profiled by Dr Do-Hyun Nam,
Samsung Medical Center) (27), and proneural patient-derived
xenograft GBM line D456 (kindly provided and STR-profiled
by Dr G. Yancey Gillespie, Department of Neurosurgery,
University of Alabama at Birmingham) (28). A mouse neural
stem cell line NE-4C (ATCC CRL-2925) was also used. The
cells were grown in either serum-containing or serum-free
culture media. Serum-free culture cells were grown in
neurobasal-A media supplemented with 1 mM glutamine (Life
Technologies; Thermo Fisher Scientific, Inc.), 8 pg/ml heparin
(J.T. Baker Chemical Co.),0.5X N-2 and 0.5X B-27 (both from
Gibco; Thermo Fisher Scientific, Inc.), 1% penicillin/strepto-
mycin (Corning, Inc.), 20 ng/ml epidermal growth factor and
10 ng/ml fibroblast growth factor (both from Shenandoah
Biotechnology, Inc.) (NBE media). Serum culture cells were
grown in Eagle's minimal essential medium supplemented
with 10% fetal bovine serum and 1% penicillin/streptomycin
(Corning, Inc.) (EMEM media).

Light microscopy. VistaVision Microscope (VWR
#82026-630) at x4 magnification was used to observe the
morphology of cells in serum and serum-free culture. The
microscope at a magnification of x10 was also used to observe
sphere formation ability.

Salinomycin treatment. For all experiments, the same salino-
mycin treatment procedure was followed. Cells were seeded
in appropriate media (NBE for serum-free culture, EMEM for
serum culture) and incubated for 24 h at 37°C. After 24 h, sali-
nomycin (MP Biomedicals, LLC) reconstituted in dimethyl
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sulphoxide (DMSO) or mock control (DMSO alone) was
added to a final concentration of 0.1% v/v DMSQO. Cells were
incubated for an additional 48 h at 37°C and then collected for
analysis.

Viability assay. For the viability assay, 1x10* cells in 100 pl of
media per well were seeded in 96-well plates. Cell Counting
Kit-8 (CCK-8), a water-soluble tetrazolium salt-based colori-
metric assay, was used to determine the cell viability as per
the manufacturer's protocol (Sigma Aldrich-Merck KGaA).
Briefly, 10 ul of CCK-8 solution per well was added to
salinomycin-treated and mock-treated cells, incubated in a
humidified incubator at 37°C for 4 h, and the absorbance was
measured at A=450 nm.

Flow cytometry. For flow cytometry, 3x10° cells in 3 ml of
media per well were seeded in 6-well plates. Flow cytometry
was used to assess the expression of SOX2. NE-4C, US7-MG,
D456, and SMC448 were cultured in NBE (serum-free culture)
or EMEM (serum culture) for 48 h with 1 yM salinomycin or
mock control (DMSO). Cells were then pelleted, resuspended
in 4% paraformaldehyde, then in a permeabilization buffer
(BD Cytofix/Cytoperm™; cat. no. 554722; BD Biosciences)
on ice for 15 min, and stained with Alexa Fluor 647
anti-SOX?2 antibody (cat. no. 562139; dilution 1:10 dilution;
BD Biosciences) on ice for 30 min. Flow cytometry was
then performed analyzing 20,000 events per sample using
BD Accuri C6 flow cytometer (BD Biosciences). Results were
analyzed using Accuri C6 software (v1.0; BD Biosciences).

Flow cytometry was also used to assess apoptosis. US7-MG,
D456, and SMC448 were cultured in NBE (serum-free
culture) or EMEM (serum culture) for 48 h with 1 M salino-
mycin or mock control. Cells were then pelleted, dissolved in
Annexin V binding buffer, and double-stained with Annexin V
(Enzo Life Sciences) and 7-AAD (EMD Millipore). Flow
cytometry was performed analyzing 20,000 events per sample
using BD Accuri C6 flow cytometer. Specific apoptosis was
calculated as established previously using the following equa-
tion: (Late apoptotic population with 1 uM Sal-late apoptotic
population with 0 xM Sal)/(100-late apoptotic population with
0 M Sal) x100.

Finally,flow cytometry wasusedtoassess caspase-3 cleavage.
Caspase-3 cleavage was determined using NucView® 488
Caspase-3 assay kit (Biotium; cat. no. 30029). The assay was
conducted according to manufacturer's protocol. Flow cytom-
etry was performed analyzing 20,000 events per sample using
BD Accuri C6 flow cytometer.

Real-time quantitative PCR (RT-qPCR). For RT-qPCR,
3x10° cells in 3 ml of media per well were seeded in 6-well plates.
Primers were designed by retrieving nucleotide sequences
from the NCBI gene database for SOX2 (NM_003106),
Nestin (NM_006617), Promininl/CD133 (NM_001145847),
and ACTB (NM_001101; see Table I). ACTB was used as a
housekeeping gene control. Primers were synthesized by
Eurofins Genomics. RNA isolation was performed using
PureLink RNA Mini kit (Invitrogen, Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol for mammalian
cultured cells. RNA quantification was performed using
NanoDrop (Thermo Fisher Scientific, Inc.). Complementary
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Table I. Primer sequences.

Human
ACTB

F CTCGTCGCCCACATAGGAA

R AGGGCTTCTTGTCCTTTCCTTC
CDI33

F GGTCCCTTCTGTGAACCAAC

R CAGATAAGTCAGCCAGGGAGC
Nestin

F GGTCCCTTCTGTGAACCAAC

R CAGATAAGTCAGCCAGGGAGC
SOX2

F AAGCCCTGAAAGCGCAAGTCCTCAA

R GGCAGTGGTAGTGGTGGCATTAGCAG
Mouse
ACTB

F AAGAAGGCTATAGTCACCTCGG

R TGGTAATAATGCGGCCGGT
Nestin

F CTGGAAGAAGTTCCCAGGCTT

R GAAGATGTGGAAGGAGAGCGT
SOX2

F ACAGCATGTCCTACTCGCAG

R CCTCGGACTTGACCACAGAG

F, forward; R, reverse; SOX2, SRY (sex determining region Y)-box
transcription factor 2.

DNA (cDNA) was synthesized using qScript cDNA
SuperMix (Quanta Biosciences) and Mastercycler nexus
gradient (Eppendorf) according to manufacturers' proto-
cols. Quantitative real-time PCR was performed using
PerfeCTa SYBR Green FastMix (Quanta Biosciences) using
Eco Real-Time PCR system (Illumina) according to manu-
facturers' protocols. The thermocycling conditions were
as follows: Forty cycles of 2-step cycling were performed
with denaturing at 95°C for 15 sec and annealing at 60°C
for 1 min. Relative quantification was determined using the
2-44C4 method (29).

Sphere formation assay. A sphere formation assay was used
to qualitatively assess stemness. Dissociated single cells were
seeded at either 10 or 100 cells per well in a 96-well plate
with or without the addition of 1 M salinomycin (n=20). Cells
were incubated at 37°C for 7 days and then were evaluated
for sphere formation using light microscopy at a magnification
of x10.

Limiting dilution assay. A limiting dilution assay was used
as a functional assay for confirming stemness (2). Dissociated
single cells were plated into 96-well plates with various
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seeding densities (1-10 cells/well with 20 wells per condition)
in NBE media with and without the addition of 1 uM salino-
mycin (n=8). Sphere formation was visually confirmed within
each well. A diameter >50 ym was used as the criterion for
counting spheres.

Statistical analysis. All experiments were performed with at
least triplicates for each condition. Data were analyzed by a
2-tailed t-test with equal or unequal variance and ANOVA
with Dunnett's multiple comparisons test. An f-test was used
to determine variance prior to the t-test or ANOVA. Data with
P<0.05 were considered to indicate a statistically significant
difference.

Results

As demonstrated in Fig. 1A, cells grown with serum adhered to
the bottom of the flask and assumed an extended morphology.
Alternatively, cells grown in serum-free culture remained
suspended in the media and adhered to each other, forming
spheres. Such a growth environment enriches the culture for
GSCs. To validate this model, GSC markers SOX2, Nestin, and
CDI33 were analyzed by RT-qPCR. As revealed in Fig. 1B-D
cells grown in serum-free culture had higher expression of
these markers. For the U87 cell line, the difference in GSC
marker expression was statistically significant for SOX2 and
Nestin, but not for CDI133. SMC448 exhibited statistical
significance for all three GSC markers with P<0.01 for both
SOX2 and Nestin. D456 exhibited differences in GSC expres-
sion for all markers, albeit not at statistically significant levels.

Having established that serum-free culture enriched
GSC-like cells, this culture method was used to assess the
effectiveness of salinomycin against GSCs. Increasing doses
of salinomycin were added to cells grown in both serum
and serum-free culture. All three GBM cell lines exhibited
a decreasing viability with increasing doses of salinomycin
(Fig. 2). In both the U87 and SMC448 lines, the cells grown in
serum-free culture had lower viabilities, suggesting the GSCs
were more affected than the differentiated cancer cells in the
serum culture. However, lower viabilities were observed in
serum culture than in serum-free culture for the D456 cell line
at all concentrations of salinomycin except at the highest 5 M.
This result was unexpected and may indicate the importance
of the GBM subtype on the effectiveness of salinomycin. It
could also be explained by the lack of a statistically signifi-
cant difference in GSC markers between D456 cells grown
in serum vs. serum-free culture. The non-cancerous neural
stem cell line NE-4C was also investigated as a negative
control (Fig. 2A). However, NE-4C cells exhibited significant
toxicity to salinomycin in both serum and serum-free culture.
This finding highlights the importance of understanding the
mechanism of action of salinomycin and its effect on the GSC
population.

To more thoroughly assess the effect of salinomycin
on the GSC population, the mRNA expression of the GSC
markers SOX2, Nestin, and CDI33 was evaluated. Cells
grown in sphere culture were treated for two days in triplicate
with either 1 yM salinomycin or 0.1% DMSO. Salinomycin
treatment significantly decreased the SOX2 expression in
US87 and SMC448 cells and resulted in a non-statistically
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Figure 1. Serum-free culture enriches GSCs. GBM cells were grown in both serum and serum-free media and their expression of GSC markers were evalu-
ated. (A) Representative bright-field images of NE-4C, U87, SMC448, and D456 cells after four days of growth in serum-free and serum-containing media
exhibiting marked differences in cell morphology. Scale bar, 100 ym. (B-D) RT-qPCR analysis of the gene expression of (B) SOX2, (C) Nestin, and (D) CD133
for NE-4C, U87, SMC448, and D456 GBM cells. Error bars represent 95% confidence intervals (n=3). "P<0.05, “P<0.01 for each gene compared to the serum
culture counterpart. These results indicated increased stemness characteristics when GBM cells were grown in serum-free media. GSCs, glioblastoma stem
cells; GBM, glioblastoma; SOX2, SRY (sex determining region Y)-box transcription factor 2.

significant decrease in SOX2 expression in D456 cells
(Fig. 3A). However, the effect of salinomycin on Nestin
and CDI33 was inconsistent (Fig. 3B and C). Salinomycin
increased the expression of Nestin in U87 cells, decreased
its expression in SMC448 cells, and had no observable effect
on its expression in D456 cells. None of these results were
statistically significant. For CD133, salinomycin caused a
statistically significant increase in U87 cells but minimal
changes in SMC448 and D456. The variance in marker
expression brings into question whether these markers are in
fact assessing the same types of cells.

To further investigate the effect of salinomycin on GSCs,
the protein expression and GSC functionality were assessed.
Since salinomycin caused a decrease in SOX2 mRNA expres-
sion for all three GBM cell lines, SOX2 protein expression
was analyzed using flow cytometry (Fig. 4). A statistically
significant decrease in SOX2-positive population in D456
expression, with a similar decrease in U87 and SMC448
cells (albeit not at statistically significant levels) was
revealed. Placed in context with the transcriptional results,

these data indicated that while most of the cells continue
to express SOX2, salinomycin is reducing the total amount
of SOX2-positive population. The functional impact of
salinomycin on GSC clonogenicity was assessed via sphere
formation assay. Qualitatively, 1 uM of salinomycin was suffi-
cient to prevent sphere formation at both 10 and 100 cells/well
seeding densities, even though these densities were otherwise
sufficient to form spheres without salinomycin (Fig. 5A).
Quantitatively using the extreme limiting dilution assay (30),
a significant reduction of clonogenic population was also
observed. Clonogenic potential of U87 cells was altered from
1 of 1.04 to 1 of 8.58 cells after 1 week of 1 uM of salino-
mycin treatment (Fig. 5B). Similarly, the clonogenic potential
of SMC448 was altered from 1 of 1.76 to 1 of 6.84 and D456
changed from 1 of 1.04 to 1 of 7.01. Notably, the clonogenic
potential of NE-4C mouse neural stem cells was also altered
but to a lower extent from 1 of 1.15 to 1 of 4.63 (comparison
of slopes of lines in Fig. 5B). Collectively, these data indicated
that salinomycin significantly and selectively impacted GSC
clonogenicity.
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Figure 2. Salinomycin depletes populations of GBM cells. Cell viabilities of (A) NE-4C, (B) U87, (C) SMC448, and (D) D456 treated with varying concentra-
tions of salinomycin were measured after 48 h (n=8, mean + 95% confidence intervals). "P<0.05, “P<0.01 between serum and serum-free conditions. GBM,

glioblastoma.
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Figure 3. Effect of salinomycin on GSC marker mRNA expression. The ability of salinomycin (1 M) or mock control (0 M) to decrease the expression of
the GSC markers (A) SOX2, (B) Nestin, and (C) CDI33 at the mRNA level after 48 h of treatment was determined using RT-qPCR. ACTB was used as the
housekeeping gene. Expression levels were normalized to those of D456 control (n=3, mean + 95% confidence intervals). "P<0.05. GSC, glioblastoma stem cell;

SOX2, SRY (sex determining region Y)-box transcription factor 2.

To investigate the mechanism of action of salinomycin,
an Annexin V/7-AAD assay was performed (Fig. 6A). This
assay assesses the percentage of cells that are healthy (lower
left quadrant), early apoptotic (lower right quadrant), late
apoptotic (upper right quadrant), and necrotic (upper left
quadrant). For all cell lines, salinomycin treatment led to an
increased percentage of cells in the early apoptotic and late
apoptotic quadrants, but no increase in the necrotic quadrant.
This finding indicated that salinomycin induced cell death via

apoptosis rather than necrosis. The cells grown in serum-free
culture, which are GSC enriched, led to higher rates of specific
apoptosis than those grown with serum, reinforcing the prior
observation that salinomycin can to a certain extent preferen-
tially deplete GSCs. For U87, the difference in the apoptotic
rates between the serum-free culture and serum culture was
statistically significant. The GBM lines U87, SMC448, and
D456 all exhibited higher rates of specific apoptosis than
the non-cancerous NE4C cell line, providing evidence that
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Figure 4. Effect of salinomycin on SOX2 protein expression. Percentage of
NE-4C, U87,SMC448, and D456 serum-free cultured cells positive for SOX2
was analyzed via flow cytometry after 48 h of treatment with 1 yM salino-
mycin (gray) or mock control (black). (A) Representative histograms for each
cell line. Events to the right of the vertical line indicate SOX2-positive cells
and (B) their quantification (n=3, mean + 95% confidence intervals). "P<0.05.
SOX2, SRY (sex determining region Y)-box transcription factor 2.

salinomycin has greater toxicity for cancer cells than their
non-cancerous counterparts. To further investigate this poten-
tial mechanism, flow cytometry was used to identify caspase-3
cleavage activity in serum-free and serum culture cells with
or without the addition of salinomycin (Fig. 6B). Salinomycin
treatment led to statistically significant increases in caspase-3
cleavage for SMC448 cells in serum culture as well as for
both SMC448 and D456 cells in serum-free culture. The cells
in serum and serum-free culture exhibited similar trends in
caspase-3 cleavage, indicating that the increased apoptosis
in U87 serum-free vs. serum culture may be caused by a
caspase-3-indepdendent pathway (31,32).

Discussion

We have previously postulated the potential of salinomycin to
selectively target GSCs (20). While salinomycin is yet to be
the subject of any full-scale clinical trials in cancer patients,
its emergence as a key anticancer agent has propelled it into
the focus of pre-clinical models using patient-derived cancer

MAGRATH et al: SALINOMYCIN TREATMENT OF GBM

cells (33). The aim of the present study was to investigate the
impact of salinomycin on GSC-like cells in GBM to assess
the efficacy of the drug as a potential chemotherapy for
GBM patients. GSCs are a distinct subpopulation of cells
within glioblastomas which have the ability to initiate tumor
growth and self-renew (6,8,11). Conventional therapies do
not adequately target these cell populations in glioblastoma,
which may lead to inefficient tumor elimination and cancer
reemergence (11,34). The antibiotic salinomycin had been first
identified to target CSCs nearly a decade ago, and subsequent
studies on salinomycin have been centered on its potential to
treat similar stem cell-like populations in various cancers (14).
Additionally, drug delivery systems have been implemented
in vitro with salinomycin to demonstrate the ability of the drug
to deplete glioblastoma populations while also crossing the
blood-brain barrier (35).

In the present study, the potential of salinomycin as a
chemotherapeutic agent in the treatment of SOX2-positive
GSCs was demonstrated. GSC populations within the tumor
microenvironment must be targeted to adequately eliminate
the tumor. One established human glioblastoma cell line
(U87-MG) and two patient-derived glioblastoma cells lines
(SMC448 and D456) were used in the present study. US7-MG
is a well-established and widely used glioblastoma cell line of
unknown origin that has been in culture since the 1960s (26).
SMC448 is a radioresistant xenograft cell line derived from a
high-grade glioma of unknown subtype (27). D456 is a glioblas-
toma of the proneural subtype that was derived from a human
pediatric fronto-parietal GBM directly implanted into the flank
of immunocompromised mice (28). Additionally, the mouse
neural stem cell line NE-4C was used as a non-cancerous
control. The present results revealed that salinomycin depleted
the SOX2-positive GSC-enriched cell populations. Notably, the
GSC markers Nestin and CD133 did not demonstrate the same
consistent trend. This finding could indicate that SOX2, Nestin,
and CDI33 are not measuring the same GSC population. This
conclusion could be a result of a heterogenous GSC population
or one or more of these markers not correctly identifying GSCs.
An alternative conclusion could be that protein expression or
conformation but not mRNA expression is indicative of the GSC
population. Such a conclusion has been previously suggested for
the detection of CD133 in colon cancer CSCs (36). Salinomycin
was also demonstrated to decrease neurosphere formation and
decrease the clonogenicity of GSC-like cells. Finally, it was
demonstrated that salinomycin induced apoptotic cell death in
GBM cells.

Salinomycin has previously been linked to apoptotic activity
in leukemia, prostate, breast, and ovarian cancer (16,17,37,38).
There is great potential for targeting CSCs, including
manipulating pro- and anti-apoptotic pathways in CSC popu-
lations (39). Salinomycin has additionally been demonstrated
to overcome anti-apoptotic cellular mechanisms in human
cancer cells (20). In the case of ovarian cancer specifically,
it is known that the salinomycin-induced apoptotic pathway
relies on the activation of caspase-8 and death receptor
5 (40). Salinomycin has also been demonstrated to enhance
the apoptotic activity of TRAIL in TRAIL-resistant GBM
cells by modulating caspase-3 expression (41). The apoptotic
effects of salinomycin have been shown to be retained even in
biodegradable drug-delivery systems, an indication that this
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pathway could serve as a point of interest in more advanced
pre-clinical trials (42). Future study on salinomycin as a GBM
treatment option should regard the apoptotic pathway as a
factor that could help differentiate GSC death from normal
neural cell death. Future studies should assess the effect of
salinomycin on GBM in vivo to better understand its potential
therapeutic benefits before translation to clinical testing.

In the development of new drugs to treat glioblastomas,
it is important to consider the impact of these novel treat-
ments on the function of normal brain tissue. Cases of neural
toxicity induced by accidental salinomycin overdoses have
been documented in humans and animals previously (43-45).
Although our findings indicated that salinomycin decreased
the sphere formation potential for the non-cancerous stem cell
line NE-4C, they also revealed that salinomycin toxicity took
effect at a higher concentration for this neural stem cell line
than the GBM cell lines assessed. Additionally, the shifts in
apoptotic activity induced by salinomycin were not significant
for NE-4C where large shifts were observed in the glioblas-
toma lines. It has also been observed that salinomycin triggers
calcium-induced apoptosis in Schwann cells and dorsal root
ganglia, but this effect can be inhibited by Na*/Ca2* exchanger
inhibitors (46). A potential avenue that may prove useful for
subsequent salinomycin studies is the implementation of
synthetic structural analogs of the drug that exhibit lower
levels of toxicity towards healthy cells (47). Salinomycin has
also been demonstrated to have synergistic DNA damage
effects when combined with the common chemotherapy drug
temozolomide, highlighting the potential of salinomycin in
combination therapies (48). As the drug is researched more
thoroughly within glioblastoma studies and other cancers, our
findings reaffirm that salinomycin toxicity towards healthy
cells must be a contributing factor towards the implementation
of the ionophore as a chemotherapeutic agent.
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