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Abstract: The stem-like cells of Glioblastoma multiforme (GBM) tumors (GSCs) are one of the important determi-
nants of recurrence and drug resistance. The aims of the current study were to evaluate the anticancer effect of 
Olea europaea leaf extract (OLE) on GBM cell lines, the association between OLE and TMZ responses, and the effect 
of OLE and the OLE-TMZ combination in GSCs and to clarify the molecular mechanism of this effect on the expres-
sion of miRNAs related to cell death. The anti-proliferative activity of OLE and the effect of the OLE-TMZ combination 
were tested in the T98G, U-138MG and U-87MG GBM cell lines using WST-1 assay. The mechanism of cell death 
was analyzed with Annexin V/FITC and TUNEL assays. The effects of OLE on the expression levels of miR-181b, 
miR-153, miR-145 and miR-137 and potential mRNA targets were analyzed in GSCs using RT-qPCR. OLE exhibited 
anti-proliferative effects via apoptosis and necrosis in the GBM cell lines. In addition, OLE significantly induced the 
expression of miR-153, miR-145, and miR-137 and decreased the expression of the target genes of these miRNAs 
in GSCs (p < 0.05). OLE causes cell death in GBM cells with different TMZ responses, and this effect is synergisti-
cally increased when the cells are treated with a combination of OLE and TMZ. This is the first study to indicate that 
OLE may interfere with the pluripotency of GSCs by modulating miRNA expression. Further studies are required, but 
we suggest that OLE may have a potential for advanced therapeutic cancer drug studies in GBM.
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Introduction

Glioblastoma multiforme (GBM) is the most fre-
quent primary brain tumor in adults and is char-
acterized by a highly aggressive phenotype [1]. 
Over the last 10 years, only two chemothera-
peutic agents, carmustine (1,3-bis(2-chloro- 
ethyl)-1-nitrosourea, BCNU implant) and temo-
zolomide (TMZ), an imidazotetrazine derivative 
of dacarbazine, have received regulatory app- 
roval for treating malignant gliomas [2]. Despite 
progress in GBM treatment, some of these 
patients do not respond to different chemo-
therapeutics, and therefore, the prognosis is 
remains poor; the overall survival time of GBM 

patients is typically less than 1 year [3]. Recent 
studies showed that the presence of cancer 
stem cells (CSCs) in the heterogeneous cell 
populations of GBM tumors may be one of the 
important determinants of recurrence and drug 
resistance in these patients [4]. Because GBM 
therapy failure is primarily due to tumor recur-
rence, CSCs may be the key target for new drug 
investigations. Therefore, the aim of most ongo-
ing studies is to identify drugs that are able to 
affect GBM CSC (GSC) biology [4].

Some medicinal herbs have become new fron-
tiers for cancer therapy research due to their 
natural phytochemicals or phytonutrient com-
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pounds [5-7]. The olive tree, Olea europaea, 
grows widely in European and Mediterranean 
Countries, including Turkey. The constituents of 
Olea europaea leaf extract (OLE) have well-
known benefits and metabolic healing proper-
ties [8]. However, although OLE is widely recog-
nized with a phenolic- type, oleuropein, rich 
compound, which have antioxidant activity due 
to their ability to scavenge free radicals, the 
anti-cancer potential of OLE has not been ade-
quately investigated [9-13]. Previously, the anti-
tumor properties of OLE were revealed in 
human HL-60 promyelocytic leukemia cells 
[14], the Jurkat human leukemic cell line [15] 
and human colorectal adenocarcinoma HT29 
and Caco-2 cell lines [16]. According to these 
studies, OLE may lead to protection against 
cancer via the induction of apoptotic pathways 
[14-16]. In addition, we have recently shown an 
anticancer effect of OLE on GBM T98G cells. 
Furthermore, we observed that OLE modulates 
the expression patterns of miRNAs that have 
been implicated in a number of cancer-associ-
ated metabolic pathways and biological pro-
cesses [17]. According to our data, OLE modu-
lates the expression of miR-181b, miR-153, 
miR-145, miR-137 and let-7d, which are related 
to anticancer activity in T98G cells and the 
response to TMZ [18]. Therefore, it was of inter-
est to evaluate the anticancer effect of OLE in 
GBM cells which have different drug resis- 
tances. 

The first aim of current study was to evaluate 
the anticancer effect of OLE in GBM cell lines 

of this effect by analyzing the expression of 
miRNAs before and after OLE treatment.

Materials and methods

OLE production

Standardized OLE (05.06.2007, 10-00014-00- 
015-0) was kindly provided by Kale Naturel 
(Edremit-Balıkesir, Turkey) and prepared as des- 
cribed previously [18].

Determination of the active compound in OLE 
by HPLC analyses

An Agilent 1200 HPLC system (Waldbronn, Ger- 
many), consisting of a vacuum degasser, binary 
pump, autosampler and diode-array detector 
was used to identify the phenolic compounds in 
the OLE fractions. Chromatographic separa-
tions were carried out using an XBridge C18 
(4.6×250 mm, 3.5 µm) column from Waters. 
The mobile phase consisted of 1% formic acid 
in water (solvent A) and acetonitrile (solvent B). 
The gradient conditions were as follows: 0-10 
min, 13% B, 10-20 min, 41.5% B, 20-25 min, 
70% B, 25-35 min, 10% B. The total run time 
was 35 min. The column was equilibrated for 
10 min prior to each analysis at 25°C. The flow 
rate was 0.5 ml/min and the injection volume 
was 10 µl. The data acquisition and prepro-
cessing were carried out with Chemstation for 
LC (Agilent). Oleuropein was monitored at a 
wavelength of 280 nm. The peak was identified 
on the basis of a comparison of the retention 

Figure 1. The HPLC chromatogram of standardized oleuropein. Oleuropein 
was present at 25.503 min. a: Oleuropein.

that differ with respect to 
their responses to TMZ. 
Therefore, we analyzed the 
anticancer effect of OLE in 
the U-138MG and U-87MG 
cell lines and compared 
these effects with those 
observed in T98G cells. In 
addition, although GSCs do 
not respond well to chemo-
therapeutic agents, there 
have not been any studies 
evaluating the ability of plant 
extracts to overcome this 
resistance. Thus, the second 
aim of this study was to 
investigate the effect of OLE 
and the combination of OLE 
and TMZ in GSCs and to clar-
ify the molecular mechanism 



OLE improve treatment response in GBM stem cells

574	 Am J Cancer Res 2014;4(5):572-590

time and UV spectrum with an oleuropein 
standard. 

Analysis of GBM cell lines

Cell line maintenance: The T98G, U-138MG 
and U-187MG human GBM cell lines were pro-
vided by the American Type Culture Collection 
(ATCC; Rockville, USA). The cells were grown in 
Dulbecco’s Modified Eagle’s Medium-F12 (DM- 
EM-F12; HyClone, Utah, USA) containing L-glu- 
tamine supplemented with 10% fetal bovine 
serum (FBS, BIOCHROME, Berlin, Germany), 1 
mM sodium pyruvate, 100 µg/ml streptomycin 
and 100 U/ml penicillin and incubated in a 
humidified 5% CO2 incubator at 37°C.

Determination of cytotoxicity and cell viability: 
As described previously for T98G cells, the 
cytotoxicity of ten different doses of OLE in U- 
138MG and U-87MG was assayed using a Tho- 
ma chamber with 0.4% Trypan blue after 24 
and 48 h incubation; a cell proliferation kit 
(WST-1, Roche Applied Sciences, Mannheim, 
Germany) was used to evaluate the viability of 
the cells [18]. All analyses were performed in 
quadruplicate. The results were expressed as a 
percentage of the untreated control. The absor-
bance of the untreated control cells was set to 
100%, and the absorbance of OLE-treated cells 
was measured as the surviving percentage. 
The following formula was used to calculate the 
percent inhibition:

TUNEL assay: For TUNEL assays, T98G, U- 
138MG and U-87MG cells were cultured in 4- 
well chamber slides (Millicell EZ Slide, Millipore, 
USA). After 24 h of culture with or without the 
OLE, an ApopTag In Situ Apoptosis Detection Kit 
(Intergen, Purchase, NY, USA) was used to dete- 
ct apoptotic cells according to the manufactur-
er’s instructions. Briefly, the cells were fixed 
with 1% paraformaldehyde, permeabilized by 
0.3% Triton X-100, and then washed there 
times with PBS. DNA breaks were labeled by 
incubation (1 h, 37°C) with terminal deoxynu-
cleotidyltransferase and a nucleotide mixture 
containing fluorescein isothiocyanate-conjugat-
ed dUTP. The cell nuclei were stained with PI, 
and the TUNEL-positive and total nuclei were 
observed under a fluorescent microscope (Ni- 
kon, Japan). More than 1500 nuclei were count-
ed per field, and the experiment was repeated 
two times.

Determination of synergy or antagonism bet- 
ween OLE and TMZ: To determine the effective 
doses of TMZ (Sigma, USA) for U-138MG and 
U-87MG cell lines, the cells were seeded after 
standard trypsinization at a density of 2×104 
cells/well in 96-well plates. After 24 h of culture 
in normal growth medium, the cells were expo- 
sed to graded concentrations of TMZ (300-500 
µM), and WST-1 analyses were performed after 
24 h and 48 h. For the T98G cell line, the effec-
tive doses of TMZ were determined previously 
[18].

To evaluate the synergistic or antagonistic 
effect of OLE on TMZ, cells were seeded at a 
density of 2×104 cells/well in 96-well plates. In 
the proliferation assays, the cells were exposed 
to two different concentrations of OLE, a dose 
of TMZ that was found to be effective in T98G, 
U-138MG and U-87MG cells, the combination 
of TMZ and OLE, or H2O2 at 24 or 48 h after plat-
ing. The dose-response curves of cell viability 
after treatment with OLE alone, TMZ alone or 
the combination for 24 h were analyzed. The 
nature of the interaction between TMZ and OLE 
was evaluated by WST-1 analysis. All analyses 
were performed in quadruplicate for all cell 
lines.

Analyses of GSCs

Characteristics of GSCs: Primary tumor cells 
from five patients, whose tumors were identi-
fied as GSC (+) based on CD133 and Nestin 

Measurement of the effect of OLE on apopto-
sis

Annexin-V-FITC/PI analysis: The percentage of 
apoptotic T98G, U-138MG and U87MG cells 
was assessed using a Annexin V-FITC/propidi-
um iodide (PI) binding kit, (BD Pharmagen™ 
San Jose, CA, USA) using flow cytometry (FACS- 
Canto, Becton Dickinson, USA) before and after 
culture with or without the addition of OLE 
according to the manufacturer’s specifications. 
Cells that stained only for Annexin-V were con-
sidered to be in early apoptosis, and those that 
stained for both Annexin-V and PI were consid-
ered to be in late apoptosis or necrosis. Cells 
that were negative for Annexin-V/PI were con-
sidered to be viable. Annexin-V-FITC/PI analysis 
was duplicated for all cell lines and OLE and/or 
TMZ treatments. 

% (1 ) 100inhibition
absorbance of control
absorbance of sample

= - #
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positivity and high mRNA expression levels of 
ITGA (NM_181501), VIM (NM_003380), CD44 
(NM_000610) and OCT4 (NM_002701) in our 
previous study [19] were used in this study. The 
patients (4 women and 1 man) were aged 
48-73 years at the time of diagnosis, and the 
median age was 58.6 ± 4.6 years. The primary 
tumors from 2 patients were localized to the 
brain’s parietal region, 2 primary tumors were 
located in the frontal region in, and 1 was local-
ized to the thalamic region. Although none of 
the patients responded to TMZ treatment, and 
the median survival was 8.20 ± 2.4 years, the 
mean MGMT methylation rates of their tumors 
were 50% ± 0.0 [19]. The study was approved 
by the local ethics committee (2011-17/07) and 
conformed to the ethical standards of the 
Helsinki Declaration. 

miRNA expression profiles of GSCs treated with 
OLE or TMZ: To evaluate the ability of OLE to 
modify miRNA expression in GSCs, 5 GSCs 
lines were treated with one of the following for 
24 h: 1 or 2 mg/ml of OLE, 450 µM TMZ, or a 
combination of OLE and 450 µM TMZ in 6-well 

145 (MIMAT0000437) and let-7d (MIMAT000- 
0065), which are modulated by OLE in T98G 
cells according to a previous study [18] using 
RT2 miRNA primer assays (RT2 Profiler; Qiagen, 
Frederick Md, USA). The miRNA expression 
analyses were duplicated for each sample. The 
thermal cycling conditions for all assays were 
as follows: 95°C for 10 min, 45 cycles at 95°C 
for 15 s, and 60°C for 30 s, followed by melting 
curve analysis in a LightCycler 480II (Roche 
Diagnostics, Indianapolis, USA). The RNA input 
of miRNAs was normalized to the endogenous 
control SNORD 48, and the input of protein-
coding genes was normalized to the TATA-
binding protein. The initial copy number of the 
samples and the threshold cycle (Ct) for miRNA 
expression were determined using the Light 
Cycler 480II software (Roche Diagnostics, Indiana- 
polis, USA). A miRNA reverse transcription con-
trol assay was used to test the efficiency of the 
miScript II Reverse Transcription Kit reaction; a 
specific primer set was used to detect a tem-
plate synthesized from the kit’s built-in miRNA 
external RNA control. Positive PCR control ass- 
ays were used to test the efficiency of the poly-

Figure 2. Inhibition of cell viability at different concentrations of OLE. (A) U-
138MG (B) U-87MG; *P < 0.05; Evaluated using one-way ANOVA and Tukey’s 
tests using SPSS 16.00 software for Windows (IBM, Chicago, IL).

culture plates. The GSCs 
were then subjected to total 
RNA extraction using RNeasy 
kits (Qiagen, Germantown, 
MD). All of the RNA samples 
were assessed for RNA 
quantity and quality using a 
NanoDrop 2000 spectropho-
tometer. The protein and 
chemical contamination was 
determined by measuring 
the 260:280 and 260:230 
ratios for each RNA sample. 
RNA samples with 260:280 
ratios between 1.8 and 2.0, 
260:230 ratios >1.8 and a 
total concentration between 
200 and 400 ng/µl were 
selected for cDNA synthesis. 
Total RNA (5 ng) from the 
cells was rever-se-tran-
scribed using the RT2 miRNA 
First Strand Kit (Qia-gen, 
Germantown, Maryland, US- 
A). The samples were ana-
lyzed for the presence and 
differential expression of 5 
cancer-related miRNAs, miR-
181b (MIMAT0000257), miR- 
153 (MIMAT0000439), miR-
137 (MIMAT0000429), miR-



OLE improve treatment response in GBM stem cells

576	 Am J Cancer Res 2014;4(5):572-590

Figure 3. Apoptosis induced by 1 mg/ml and 2 mg/ml OLE at 24 h by Annexin V-FITC/PI assay.
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merase chain reaction chemistry and the 
instrument using a predispensed artificial DNA 
sequence and a primer set designed to detect 
this sequence. The 2^-ΔCt method was used to 
calculate the fold changes in miRNA expression 
between the tested samples [20]. 

Evaluation of the expression level of miRNA tar-
get genes: To evaluate the expression of the 
target genes of the significantly altered miRNAs 
depending on OLE treatment, RNAs were rever- 
se transcribed using a cDNA Synthesis Kit (New 
England Biolabs, UK). The samples were then 
analyzed using RT-qPCR to profile the expres-
sion levels of TP53 (NM_000546), OCT4 (NM_ 
002701), SOX2 (NG_009080.1), BCL2 (NM_ 
000633) c-myc (NM_002467) and c-Met (NM_ 
000245); we also evaluated the expression 
level of the human Beta Actin (ACTB) house-
keeping gene. Gene expression analyses were 
performed in duplicate for each sample. Only 
samples with Ct values less than 35 were in- 
cluded in further analyses. PCR was carried out 
in a 20-µl reaction mixture that contained 5 µl 
of cDNA as a template, 10 µM specific oligonu-
cleotide primer pairs, and SYBR Green qPCR 
master Mix (Qiagen, Germantown, MD). The cy 
cle parameters were as follows: 95°C for 10 
min, 45 cycles at 95°C for 15 s and 60°C for 60 
s, followed by melting curve analysis in the 
LightCycler 480II (Roche Diagnostics, USA). 
The absence of genomic DNA contamination 
was confirmed by performing a no reverse tran-
scription control with RNA samples using an 
ACTB RT-qPCR primer assay. The initial copy 
number of the samples and the threshold cycle 
(Ct) for mRNA expression was determined using 
the Light Cycler 480II software (Roche Diagno- 
stics, Indianapolis, USA). The 2^-ΔCt method 
was used to calculate the fold change in mRNA 
expression between the tested samples [20].

Statistical analyses

One Way ANOVA and Tukey’s analyses were 
used to determine the statistical significance of 
the WST-1 data. RT² Profiler™ PCR Array Data 
Analysis was used to determine the statistical 
significance of changes in miRNA and mRNA 
expression. Values of P < 0.05 were considered 
to be statistically significant.

Results

Active compound in OLE

The amount of oleuropein was calculated as 
9.36 ± 0.22 mg/ml (n=2) in standardized OLE 

according to HPLC/DAD analyses. The chroma- 
togram of standardized OLE is shown in Figure 
1. 

The effects of OLE on the viability and prolif-
eration of U-138MG and U-87MG cells

U-138MG and U-87MG cells were seeded at a 
density of 2×104 cells/well in 96-well plates. 
After 24 h, the cells were treated with different 
concentrations of OLE. WST-1 assays were per-
formed to study the proliferative and cytotoxic 
effects of OLE. The inhibitory concentration at 
which 50% of the cells die was identified (IC50). 
OLE decreased the viability of U-138MG and 
U-87MG cells. Optimal activity was observed at 
day 1. The percentage decrease in the prolifer-
ation of U-138MG cells at 1 and 2 mg/ml 
ranged from 55 to 62%, and the decrease in 
the proliferation of U-87MG cells at 1 and 2 
mg/ml ranged from 43% to 48% at 24 h (Figure 
2). When U-138MG and U87-MG cells were 
treated with H2O2, we observed 89.9% and 87% 
reductions in proliferation, respectively.

OLE induces apoptosis in the T98G, U-138MG 
and U-87MG cell lines

To determine the type of cell death (apoptosis 
or necrosis) induced by OLE, the cells were sub-
jected to Annexin-V-FITC/PI and TUNEL assays 
before and after OLE treatment. T98G, U- 
138MG and U-87MG cells were treated with 1 
mg/ml and 2 mg/ml OLE for 24 hours. Based 
on Annexin V analyses, percentage of apoptotic 
T98G, U-138MG and U-87MG cells after treat-
ment with 1 mg/ml OLE were 42.7%, 29.2% 
and 34.9%, respectively; after 2 mg/ml OLE 
treatment, 67.7%, 38.6% and 25.6% of cells 
were apoptotic, respectively (Figure 3). Fur- 
thermore, in TUNEL assays, the percentages of 
apoptotic cells observed in T98G, U-138MG 
and U-87MG cells treated with 1 mg/ml OLE 
were 43.5%, 28.5% and 36%, respectively; 2 
mg/ml OLE resulted in 67%, 39.5% and 24.5% 
apoptosis, respsectively, compared to untreat-
ed cells (Figure 4).

The role of OLE on the effectiveness of TMZ

First, the cells were treated with a wide range of 
doses of TMZ, and WST-1 analyses was per-
formed to define the commonly effective TMZ 
doses in T98G, U-138MG and U-87MG cells at 
24 h and 48 h. The percentage decrease in pro-
liferation of cells treated with 450 µM TMZ 
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were 58.07%, 57.99% and 86.34% at 24 h and 
57.90%, 57.36% and 83.00% at 48 h, respec-
tively (Figure 5). Because all of the tested con-
centrations of TMZ were highly cytotoxic for 
U-87MG cells, 25 µM TMZ was used for the 
U-87MG cell line in the remainder of the study 
based on a literature search [21]. When U- 
87MG cells were treated 25 µM TMZ, we 
observed a 66.25% decrease in proliferation at 
24 h of incubation and a 66.31% decrease at 
48 h of incubation.

Second, we evaluated the potential interac-
tions between OLE and TMZ in T98G, U-138 
MG and U-87MG cell lines in the absence or 
presence of low-toxicity concentrations of OLE. 
WST-1 assays were performed after 24 h and 
48 h of incubation, and the drug combinations 
were evaluated as reductions in proliferation 
(Figure 6). When T98G, U-138MG and U-87MG 
cells were treated with TMZ in the presence of 
1 mg/ml OLE, the reduction in proliferation was 
determined to be 84.07, 84.47, and 84.18%, 

Figure 4. TUNEL assay performed 24 hours after the addition of OLE (x 10). The first column shows untreated control 
cells. The second column shows H2O2-treated (30 mM) positive control cells. The third and fourth columns show 
cells treated with 1 mg/ml and 2 mg/ml OLE, respectively.

Figure 5. Antitumor effects of TMZ against T98G, U-138MG and U87MG cell lines. *P < 0.05; Evaluated using one-
way ANOVA and Tukey’s tests using SPSS 16.00 software for Windows (IBM, Chicago, IL).
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respectively; when the cells were treated with 
TMZ in the presence of 2 mg/ml OLE, the reduc-
tion in proliferation was determined to be 
86.05, 88.70 and 92.12% at 24 h, respectively, 
compared to an untreated culture. This result 
indicated that OLE has synergistic effects with 
TMZ.

The role of OLE in the modulation of miRNA 
expression in TMZ-resistant GSCs

Based on our analyses in the T98G, U-138MG 
and U-87MG cell lines, the optimal activity of 
OLE was determined to occur at concentrations 
of 1 mg/ml and 2 mg/ml on the 1st day of incu-
bation. Therefore, we evaluated the effect of 1 
mg/ml and 2 mg/ml OLE on miRNA expression 
in GSCs. The expression levels of mir-181b, 
miR-153, miR-137, miR-145 and let-7d were 
evaluated in 5 GSC lines treated with OLE and 
450 µM TMZ. The results from untreated GSCs 
samples were compared to those obtained 
from cells treated with 1 mg/ml OLE, 2 mg/ml 
OLE, 1 mg/ml OLE and 450 µM TMZ, 2 mg/ml 
OLE and 450 µM TMZ. The expression of miR-
137 was significantly up regulated after treat-
ment with 1 mg/ml OLE in combination with 
450 µM TMZ (p=0.03). After treatment with 2 
mg/ml OLE and TMZ, miR-153, miR-145 and 
miR-137 were also significantly up regulated (p 
< 0.05; Table 1). In addition, when the samples 
were treated with OLE and TMZ, the expression 
level of miR-145 significantly increased com-
pared to samples that were treated with TMZ 
alone (p < 0.05; Table 2). These results indi-
cated that OLE and TMZ synergistically cause 
changes in the expression of these miRNAs in 
GSCs (Figure 7).

Significantly altered miRNAs fold changes were 
compared between GSCs treated 1 mg/ml or 2 
mg/ml OLE and 450 µM TMZ combinations and 
450 µM TMZ depend on their survival individu-
ally. All of the tested miRNAs had higher expres-
sion levels after OLE-TMZ treatment than treat-
ing with TMZ alone (Table 3).

The target genes of the miRNAs that were sig-
nificantly altered after OLE treatment (miR-145, 
miR-153 and miR-137) were identified by sear- 
ching recent literature. The function of these 
genes was defined according to the NCBI-Gene 
database. The validated targets for these miR-
NAs are involved in signaling pathways related 
to cellular processes that include apoptotic 
regulation (Table 4). 

The expression levels of TP53, OCT-4, SOX2, 
BCL2, c-myc and c-Met, target genes of the sig-
nificantly altered miRNAs after OLE treatment, 
were evaluated in 5 GSC lines treated with OLE 
and 450 µM TMZ. The fold changes of the sam-
ples in untreated GSCs were compared to those 
of cells treated with 1 mg/ml OLE, 2 mg/ml 
OLE, 1 mg/ml OLE and 450 µM TMZ, 2 mg/ml 
OLE and 450 µM TMZ (Table 5). 

Discussion

Despite progress in the treatment of GBM, 
these tumors are still incurable. The chemopre-
ventive activity and preclinical antitumor effec- 
ts of phytochemicals may herald new therapeu-
tic approaches for patients with chemoresis-
tance [22, 23]. Olea europaea, which is native 
to the Mediterranean region, is one of these 
medicinal herbs [24]. The pharmacological 
properties of the oil, fruit and leaves of Olea 
europaea have been recognized as important 
components of medicine and a healthy diet due 
to their phenolic content [25]. In general, the 
most prominent phenolic compound of Olea 
europaea is oleuropein. Oleuropein can be 
found in all parts of the plant, but its concentra-
tion varies greatly between the various tissues 
[24]. In the current study, we evaluated the 
anti-carcinogenic activity of the leaves of this 
plant. Based on HPLC analyses, the standard-
ized OLE that was used in this study contained 
9.36 ± 0.22 mg/ml oleuropein.

In a previous study, we demonstrated that OLE 
modulates the expression of miR-181b, miR-
153, miR-145, miR-137, and let-7d, which are 
related to anticancer activity and the response 
to TMZ in the T98G GBM cell line. The main 
conclusion drawn in this study was that OLE 
demonstrates an anti-proliferative effect in the 
T98G cell line and that the combination of OLE 
and TMZ increases the responsiveness of 
these cells to TMZ-mediated toxicity [18]. T98G 
is a TMZ-resistant GBM cell line that was 
derived from a 61-year-old Caucasian man; 
T98G cells have a fibroblast-like morphology 
and are heterozygous for MGMT methylation. 
Although this study described the potential 
anti-cancer effect of OLE in GBM tumors, there 
is a lack of knowledge about the effects of OLE 
on GBM cells with different characteristics that 
affect tumor aggressiveness, such as TMZ 
response, the morphology of the cells, and the 
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Figure 6. Effect of OLE and TMZ concentration on the viability of T98G, U-138MG and U-87MG cells. Evaluated using one-way ANOVA and Tukey’s tests using SPSS 
16.00 software for Windows (IBM, Chicago, IL).
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age of the person from whom the tumor cells 
are derived. Thus, in the current study, we first 
evaluated the cytotoxic effect of OLE on the 
U-138MG and U-87MG cell lines using WST-1 
analyses. U-138MG cells are highly resistant to 
TMZ. They are polygonal and were derived from 
a 47-year-old Caucasian male GBM patient with 
an unmethylated MGMT gene [http://ww 
w.lgcstandards-atcc.org/?geo_country=tr, 21]. 
Moreover, U-87MG cells are TMZ-sensitive and 
have an epithelial morphology. U-87MG cells 
were derived from a 44-year-old Caucasian 
male GBM patient whose MGMT gene is meth-
ylated [http://www.lgcstandards-atcc.org/?geo 
_country=tr, 21]. According to WST-1 analyses, 
the optimal activity of OLE was observed after 
24 h. Because oleuropein, the active compo-
nent of OLE, is a type of flavonoid, OLE may not 
maintain its anti-carcinogen activity for more 
than 24 h; Kurisawa et al demonstrated that 
flavonoids are only active for a few hours in the 
body [26]. Therefore, 24-hour OLE treatments 
were performed in the subsequent analyses. In 

addition, the IC50 of OLE for both U-138MG 
and U-87MG cells was 1 and 2 mg/ml; these 
results are similar to those obtained in T98G 
cells in a previous study [18]. At concentrations 
of 1 mg/ml and 2 mg/ml, OLE caused a signifi-
cant decrease in the proliferation of U-138MG 
cells (ranging from 55% to 62%) and U-87 MG 
cells (ranging from 43% to 48%) at 24 h and 48 
h (p < 0.05). Although the T98G, U-138MG and 
U-87MG cell lines differ with respect to their 
MGMT methylation status, the IC50s of OLE in 
these cell lines were similar. Therefore, we sug-
gest that OLE may cause cell death via an 
MGMT-independent pathway. 

To evaluate the molecular mechanism of the 
action of OLE on tumor cell viability, Annexin-V-
FITC/PI and TUNEL assays were performed. Th- 
ese analyses verified the similarity of the cyto-
toxic effect of OLE in T98G, U-138MG and 
U-87MG cells. However, based on the Annexin-
V-FITC/PI assay, both 1 mg/ml and 2 mg/ml 
OLE cause cell death via late apoptosis or 

Table 1. Differential expression of miRNAs in GSCs treated with 450 µM TMZ in the presence or ab-
sence of 1 mg/ml and 2 mg/ml OLE
  mir-181b miR-153 miR-145 miR-137 let-7d
Untreated          

    2^(-Avg.(Delta(Ct)) 0.412367 0.000379 0.007922 0.000518 0.026388

1 mg/ml OLE          

    2^(-Avg.(Delta(Ct)) 0.544876 0.004796 0.080772 0.004796 0.17776

    Fold Change 1.3213 12.6582 1.1965 9.2663 6.7365

    95% CI (0.13, 2.51) (0.00001, 42.64) (0.00001, 37.00) (0.00001, 31.01) (0.00001, 32.83)

    *P value 0.6212 0.1375 0.1876 0.1754 0.6828

2 mg/ml OLE          

    2^(-Avg.(Delta(Ct)) 0.713013 0.011296 0.034722 0.011296 0.136408

    Fold Change 1.7291 29.8157 4.3832 21.8264 5.1694

    95% CI (0.05, 3.41) (0.00001, 90.40) (0.00001, 17.36) (0.00001, 65.61) (0.00001, 27.89)

    *P value 0.3557 0.0088 0.4323 0.0155 0.3847

450 µM TMZ          

    2^(-Avg.(Delta(Ct)) 0.088388 0.016289 0.080214 0.016289 0.046974

    Fold Change 0.2143 42.9921 10.1261 31.4721 1.7802

    95% CI (0.00001, 0.43) (0.00001, 132.10) (0.00001, 37.69) (0.00001, 95.91) (0.00001, 8.58)

    *P value 0.4428 0.0118 0.2239 0.0155 0.2864

1 mg/ml OLE + 450 µM TMZ          

    2^(-Avg.(Delta(Ct)) 9.958994 0.028676 0.056563 0.018149 0.004588

    Fold Change 24.1508 75.6884 7.1404 35.0660 0.1739

    95% CI (0.00001, 105.23) (0.00001, 258.73) (0.00001, 26.75) (0.00001, 113.99) (0.00001, 0.82)

    *P value 0.0842 0.1774 0.3209 0.0323 0.1360

2 mg/ml OLE + 450 µM TMZ          

    2^(-Avg.(Delta(Ct)) 1.503161 0.031034 0.583984 0.017027 0.143786

    Fold Change 3.6452 81.9118 73.7208 32.8996 5.4490

    95% CI (0.72, 6.57) (0.00001, 257.85) (0.00001, 259.87) (0.00001, 111.76) (0.00001, 25.00)

    *P value 0.0227 0.0438 0.0005 0.0146 0.3762
*Evaluated with the Independent sample T-test using RT2 Profiler PCR Array Data Analysis.

http://www.lgcstandards-atcc.org/?geo_country=tr
http://www.lgcstandards-atcc.org/?geo_country=tr
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necrosis. Mijatovic et al previously reported 
similar data regarding the action of OLE in the 
B16 melanoma cell line. They suggest that a 
continuous and intensive decrease of Bim and 
a temporary decrease in p53 triggered by OLE, 
together with Bcl-XL amplification, were most 
likely responsible for the inactivation of cas-
pase-3, the inhibition of caspase-3, -8 and -9 
transcription and the subsequent deviation 
from the typical apoptotic process with a shift 
towards necrosis [6]. In a recent study, Reyes-
Zurita et al reported an effect of maslinic acid, 
a phenolic component of OLE, on the extrinsic, 
and later the intrinsic, apoptotic pathways in 
Caco-2 human colon-cancer cells using Anne- 
xin-V-FITC/PI staining. Additionally, the induc-
tion of apoptosis was linked to higher levels of 
Bid cleavage and the early activation of cas-
pase-8 and caspase-3 [27]. Our findings sup-
port the results of Mijatovic et al; treating cells 
with only the phenolic compounds of Olea euro-
paea may alter the direction of cell death 
toward apoptosis. Although necrosis is not gen-
erally a preferred type of cell death, in our previ-
ous study, we demonstrated a very low cyto-
toxic effect of 1 mg/ml and 2 mg/ml OLE (16 
and 22%, respectively) on fresh human mono-
nuclear lymphocytes as a non-tumor cell model 
[18]. Therefore, we suggest that these findings 
strengthen the evidence supporting the poten-
tial of OLE as a candidate in further anti-cancer 
drug studies. 

Previously, evaluating the effect of OLE in com-
bination with TMZ, we analyzed the effect of 

TMZ on T98G, U-138MG and U-87MG cell lines. 
Similar to previous studies, we indicated that 
the IC50 of TMZ for cell viability in the T98G 
and U-138MG cell lines is higher than that of 
U-87MG cells [21]. 450 µM TMZ caused 58.07 
% and 57.99% inhibition of T98G and U-138MG 
cells, respectively, and 25 µM TMZ caused 
66.25% inhibition of U-87MG cells in 24 h. 
Evaluating the potential interaction between 
OLE and TMZ, we found that while 1 mg/ml OLE 
caused 84.07, 84.47, and 84.18% inhibition in 
T98G, U-138MG and U-87MG cells, respective-
ly, 2 mg/ml OLE caused 86.05, 88.70 and 
92.12% inhibition, respectively in combination 
with TMZ. Therefore, we suggest that OLE may 
synergistically affect the toxicity of TMZ. The 
ability of OLE to modulate the effectiveness of 
some cytostatic drugs was shown in a previous 
study [6]. Mijatovic et al demonstrated the syn-
ergistic effect of OLE on cisplatin and paclitax-
el. However, they also reported an antagonistic 
interaction between OLE and TMZ, in contrast 
to our present findings [6]. One of the TMZ 
resistance mechanisms relies on high levels of 
O6-alkylguanine DNA alkyltransferase, a DNA 
repair protein that selectively removes the 
methyl adduct from the MGMT gene’s O6 posi-
tion of guanine [28]. Thus, the expression level 
of MGMT in tumors may affect the success of 
TMZ therapy. B16 mouse melanoma cells do 
not show MGMT expression [29]. Thus, B16 
cells may respond well to TMZ. Similarly, in the 
current study, while the combination of 2 mg/
ml OLE and TMZ inhibited cell proliferation 
1.48- and 1.52-fold more than TMZ alone in 

Table 2. Fold differences in miRNAs between GSCs treated with 450 µM TMZ alone and in combina-
tion with 1 mg/ml and 2 mg/ml OLE
  mir-181b miR-153 miR-145 miR-137 let-7d
450 µM TMZ
    2^(-Avg.(Delta(Ct)) 0.088388 0.016289 0.080214 0.016289 0.046974
1 mg/ml OLE + 450 µM TMZ
    2^(-Avg.(Delta(Ct)) 9.958994 0.028676 0.056563 0.018149 0.004588
    Fold Change 112.6732 1.7605 0.7051 1.1142 0.0977
    95% CI (0.00001, 492.25) (0.00001, 4.51) (0.00001, 1.79) (0.00001, 2.59) (0.00001, 0.26)
    *P value 0.0829 0.3133 0.7102 0.4842 0.1542
2 mg/ml OLE + 450 µM TMZ
    2^(-Avg.(Delta(Ct)) 1.503161 0.031034 0.583984 0.017027 0.143786
    Fold Change 17.0063 1.9053 7.2803 1.0454 3.061
    95% CI (2.54, 31.47) (0.00001, 3.99) (0.00001, 15.22) (0.00001, 2.68) (0.00001, 7.35)
    *P value 0.0030 0.2173 0.0040 0.3944 0.4846
*Evaluated with an independent sample T-test using RT2 Profiler PCR Array Data Analysis.
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T98G and U-138MG cells, this inhibition rate 
was 1.39-fold more in compare to TMZ alone in 
U-87MG cells, which have methylated MGMT. 
We therefore suggest that although the action 
of OLE may be independent from the expres-
sion status of MGMT, the interaction between 
OLE and TMZ may be associated with the level 
of MGMT. Nonetheless, although MGMT expres-
sion is a well-known mechanism underlying the 
response to TMZ, recent studies have reported 
that it is not the only mechanism. While patients 

to our previous study, the expression levels of 
miR-181b, miR-153, miR-145, miR-137, and let-
7d were significantly altered in T98G cells after 
OLE treatment. In addition, the combination of 
OLE and TMZ caused a significant increase in 
the expression levels of these miRNAs com-
pared to TMZ treatment alone [18]. The levels 
of miR-153, miR-137 and miR-145 in GSCs is 
also significantly modulated after treatment 
with 2 mg/ml OLE in the present study 
(p=0.008; 0.015 and 0.432, respectively). One 

Figure 7. Changes in miRNA expression levels in GSCs after OLE or TMZ treat-
ment. Evaluated with independent sample T-tests using RT2 Profiler PCR Ar-
ray Data Analysis.

with unmethylated tumors 
experience unexpected favor-
able outcomes after receiving 
radiochemotherapy, some pa- 
tients with a methylated pro-
moter do not benefit from 
concomitant and adjuvant 
TMZ treatment [30, 31]. Addi- 
tionally, the majority of pa- 
tients with GSCs cannot ben-
efit from TMZ as needed, and 
no correlation was reported 
between stemness proper-
ties and MGMT protein ex- 
pression levels in GBM tu- 
mors [32]. In our previous 
study, the survival time of 
patients with GSCs was sig-
nificantly shorter than that of 
patients without GSCs, al- 
though MGMT methylation 
rate of GSC (+) tumors was 
greater than that of GSC (-) 
tumors. Thus, there may be 
other mechanisms such as 
miRNAs that play crucial roles 
in all steps of tumorigenesis, 
function in response to TMZ 
therapy. To this end, we deter-
mined the relation between 
TMZ resistance and altered 
expression of miR-181b and 
miR-455-3p in GSCs [19]. For 
this reason, evaluating the 
TMZ response in GSCs with 
this approach has become 
remarkable. 

In the current study, we also 
evaluated the effect of OLE 
and the combination of OLE 
and TMZ on miRNA expres-
sion level in GSCs. According 
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of these miRNAs, miR-153, has a tumor sup-
pressor function in various cancers such as 
breast, ovarian, prostate, colon, rectal and 
GBM [33-39]. In a recent study, the expression 
level of miR-153 was observed to differ in GSCs 
and their more differentiated progeny. Based 
on this study, the expression of miR-153 was 
reported to be lower in CD133 (+) tumors than 
in CD133 (-) tumors [40]. In the present study, 
treating GSCs with 450 µM TMZ caused a 
42.99-fold increase in the expression of miR-
153, and after treatment with 1 mg/ml and 2 
mg/ml OLE, the expression of miR-153 in GS- 
Cs was 12.6- and 29.81-fold up-regulated 
(p=0.1375 and 0.008, respectively). Further- 
more, after treating cells with a combination of 
1 mg/ml or 2 mg/ml OLE and 450 µM TMZ, the 
level of miR-153 was increased 75.68- and 
81.91-fold (p=0.177 and 0.04, respectively). 
These expression levels were 1.76 and 1.90-
fold higher than those after treatment with 450 
µM TMZ alone (p=0.313 and 0.217, respective-
ly). According to Xu et al, miR-153 decreases 
the expression of both Bcl-2 and Mcl-1 protein, 
which play crucial roles in regulating apoptosis 
in GBM cell lines [34]. In the current study, we 
determined that treatment with 2 mg/ml OLE 
or a combination of 2 mg/ml OLE and TMZ 
reduced the expression level of BCL2 in GSCs 
4.14- and 5.68-fold, respectively (p=0.351 and 
0.353). This implies that the induction of miR-
153 by OLE may play a role in the activation of 
apoptosis by modulating BCL2 gene regulation. 
In addition, Xu et al demonstrated in their 
recent study that miR-153 may also inhibit the 
protein kinase B (PKB/Akt) pathway by decreas-
ing the protein level of Irs-2 [41]. The deregula-
tion of the Akt pathway is observed very fre-
quently in GBM. The activation of this pathway 
leads to defects in the control of cell growth 

and survival that induce metastatic potential 
and resistance to chemotherapy and radiation 
[42]. Therefore, we suggest that miR-153 may 
overcome resistance to TMZ by also targeting 
the Akt pathway. Moreover, when we evaluated 
the expression level of miR-153 in individual 
GSCs, we observed that the synergistic effect 
of OLE and TMZ differed between cases. 
Treating the cells with OLE and TMZ induced 
miR-153 expression, but the extent of this 
expression depended on the TMZ response of 
patients. Similar to the data obtained from 
U-87MG cells that respond well to TMZ, the 
effect of the OLE-TMZ combination was lower in 
cases with shorter survival and higher in cases 
with longer survival after TMZ therapy. Because 
the MGMT methylation rates of the cases 
included in the study were similar (50.00 ± 00) 
[19], we suggest that the TMZ response of the 
GSCs may be modulated by other mecha- 
nisms. 

Another miRNA that was significantly affected 
in GSCs by treatment with OLE was miR-137. 
There is a lack of miR-137 expression in GBM 
[43]. The low expression of miR-137 in GBM 
may be associated with promoter methylation 
[44]. In our previous study, we observed 1.41- 
and 1.86-fold up-regulation of miR-137 expres-
sion after 1 mg/ml and 2 mg/ml OLE treatment 
in T98G cells [18]. Moreover, in the current 
study, we observed 9.26- and 21.82-fold inc= 
reases in the expression level of this miRNA 
after treatment of GSCs with 1 mg/ml and 2 
mg/ml OLE. In recent studies, the effect of cur-
cumin, a well-studied medical plant, on epigen-
etic mechanisms such as histone modifica-
tions, DNA methylation, and miRNAs was iden- 
tified. According to these studies, curcumin 
plays a role in cancer death and progression by 

Table 3. Fold changes of GSCs in comparison with OLE-TMZ interactions and TMZ
GSCs 1 GSCs2 GSCs 3 GSCs 4 GSCs 5

disease age 58 73 64 50 48
survival of cases 5 months > 48 months 6 months 16 months 12 months
Fold change in compare to TMZ      
    1 mg/ml OLE+ TMZ      
    miR-137 6.11 0.90 0.35 0.66 1.35
    2 mg/ml OLE + TMZ      
    miR-137 6.23 0.12 24.08 0.24 0.28
    miR-153 8.51 0.51 16.56 0.58 0.59
    miR-145 6.45 3.36 63.12 1.29 11.55
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Table 4. Validated target genes and the related pathways associated with each miRNA

miRNA
Target genes
Symbol Full name Description (NCBI-Gene database) Reference

miR-153 BCL2 B-cell CLL/lymphoma 2 This gene encodes an integral outer mitochondrial membrane protein that blocks the apoptotic death [41]

Irs2 insulin receptor substrate 2

This gene encodes the insulin receptor substrate 2, a cytoplasmic signaling molecule that mediates effects of insulin, insulin-like 
growth factor 1, and other cytokines by acting as a molecular adaptor between diverse receptor tyrosine kinases and downstream 
effectors. The product of this gene is phosphorylated by the insulin receptor tyrosine kinase upon receptor stimulation, as well as by 
an interleukin 4 receptor-associated kinase in response to IL4 treatment

[41]

MCL1 myeloid cell leukemia sequence 1 This gene encodes an anti-apoptotic protein, which is a member of the Bcl-2 family [41]

Akt1 v-akt murine thymoma viral onco-
gene homolog 1

AKT1 and the related AKT2 are activated by platelet-derived growth factor. In the developing nervous system AKT is a critical mediator 
of growth factor-induced neuronal survival. Survival factors can suppress apoptosis in a transcription-independent manner by activat-
ing the serine/threonine kinase AKT1, which then phosphorylates and inactivates components of the apoptotic machinery

[41]

miR-137

RTVP-1 GLI pathogenesis-related 1

This gene encodes a protein with similarity to both the pathogenesis-related protein (PR) superfamily and the cysteine-rich secretory 
protein (CRISP) family. Increased expression of this gene is associated with myelomonocytic differentiation in macrophage and de-
creased expression of this gene through gene methylation is associated with prostate cancer. The protein has proapoptotic activities 
in prostate and bladder cancer cells

[49]

c-MET met proto-oncogene The proto-oncogene MET product is the hepatocyte growth factor receptor and encodes tyrosine-kinase activity [48]

BCL2 B-cell CLL/lymphoma 2 This gene encodes an integral outer mitochondrial membrane protein that blocks the apoptotic death [49]

SOX2 SRY (sex determining region 
Y)-box 2

This intronless gene encodes a member of the SRY-related HMG-box (SOX) family of transcription factors involved in the regulation of 
embryonic development and in the determination of cell fate. The product of this gene is required for stem-cell maintenance in the 
central nervous system

[46]

OCT-4 POU class 5 homeobox 1
This gene encodes a transcription factor containing a POU homeodomain that plays a key role in embryonic development and stem 
cell pluripotency. Aberrant expression of this gene in adult tissues is associated with tumorigenesis

[46]

miR-145
TP53 tumor protein p53

This gene encodes a tumor suppressor protein containing transcriptional activation, DNA binding, and oligomerization domains. 
The encoded protein responds to diverse cellular stresses to regulate expression of target genes, thereby inducing cell cycle arrest, 
apoptosis, senescence, DNA repair, or changes in metabolism

[54]

c-MYC v-myc avian myelocytomatosis 
viral oncogene homolog

The protein encoded by this gene is a multifunctional, nuclear phosphoprotein that plays a role in cell cycle progression, apoptosis 
and cellular transformation. It functions as a transcription factor that regulates transcription of specific target genes

[53]

SOX9 SRY (sex determining region 
Y)-box 9

The protein encoded by this gene recognizes the sequence CCTTGAG along with other members of the HMG-box class DNA-binding 
proteins. It acts during chondrocyte differentiation and, with steroidogenic factor 1, regulates transcription of the anti-Müllerian 
hormone (AMH) gene

[53]

BCL2 B-cell CLL/lymphoma 2 This gene encodes an integral outer mitochondrial membrane protein that blocks the apoptotic death [55]

CTGF connective tissue growth factor
The protein encoded by this gene is a mitogen that is secreted by vascular endothelial cells. The encoded protein plays a role in  cell 
adhesion in many cell types, and is related to platelet-derived growth factor

[50]

SOX2 SRY (sex determining region 
Y)-box 2

This intronless gene encodes a member of the SRY-related HMG-box (SOX) family of transcription factors involved in the regulation of 
embryonic development and in the determination of cell fate. The product of this gene is required for stem-cell maintenance in the 
central nervous system

[52]

OCT-4 POU class 5 homeobox 1
This gene encodes a transcription factor containing a POU homeodomain that plays a key role in embryonic development and stem 
cell pluripotency. Aberrant expression of this gene in adult tissues is associated with tumorigenesis

[52]
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selectively activating or inactivating gene 
expression via the induction of epigenetic mod-
ifications [45]. Because both curcumin and 
oleuropein are natural polyphenols, we suggest 
that OLE may also have the ability to modulate 
methylation. Thus, further studies are neces-
sary to clarify this activity of OLE. When GSCs 
were treated with 450 µM TMZ alone, the regu-
lation of miR-137 was 31.47-fold up-regulated. 
These data indicate that the magnitude of the 
effect of OLE on miR-137 regulation is similar to 
that of TMZ. After treating GSCs with the combi-
nation of 1 mg/ml or 2 mg/ml OLE and 450 µM 
TMZ, the expression level of miR-137 was 
increased 35.06- and 32.89-fold, respectively, 
compared to untreated controls (p=0.03 and 
0.01, respectively). These expression levels 
were 1.11- and 1.04-fold higher than the 
expression level observed after treatment with 
450 µM TMZ alone (p=0.484 and 0.394, 
respectively). miR-137 functions in the G0/G1 
cell cycle arrest and decreases the expression 
of the cell cycle proteins CDK6 and phosphory-
lated Rb [43]. In recent studies, miR-137 was 
also reported to decrease the self-renewal abil-
ity of GSCs, which is one of the major features 
of cancer stem cells and rapid tumor progres-
sion, and the expression of the stem cell-asso-
ciated proteins Nanog, Shh, Oct4 and Sox2 
were determined [46]. In the current study, 
after treating with 2 mg/ml OLE or a combina-
tion of 2 mg/ml OLE and TMZ, we observed 

decreased expression levels of OCT-4 (7.21 
and 8.43-fold) and SOX2 (13.36 and 16.06-
fold), which are target genes of miR-137. In 
addition, according to recent studies, the acti-
vation of MET signaling leads to an increase in 
the expression of the stemness transcriptional 
regulator Oct4 [47]. In a study of melanoma, it 
was revealed that miR-137 regulates multiple 
targets including c-Met [48]. In the present 
study, we also determined that treating GSCs 
with 2 mg/ml OLE or a combination of 2 mg/ml 
OLE and TMZ caused 4.73- and 17.21-fold 
reductions in the expression level of c-Met, 
respectively. Therefore, OLE may decelerate 
the aggressiveness of GSCs by reducing the 
stemness properties of tumors by modulating 
miR-137. Additionally, one of the targets of miR-
137 is RTVP-1, which is highly expressed in 
astrocytic tumors in a grade-dependent man-
ner [44, 49]. The protein product of RTVP-1 also 
causes resistance to tumor necrosis factor-
related apoptosis by activating c-Jun-NH2-
kinase and increasing the expression of BCL2 
in GBM [49]. In the current study, we also 
defined the effect of OLE on the regulation of 
BCL2 (a 4.14-fold decrease). Therefore, these 
data make our findings concerning the inhibitor 
effect of OLE on cell proliferation in GSCs and 
their stemness properties stronger. In addition, 
when we evaluated the expression level of miR-
137 in individuals, we observed that although 
all cases had undergone TMZ therapy and their 

Table 5. Changes in the expression levels of miRNA target genes in GSCs treated with 450 µM TMZ in 
the presence or absence of 1 mg/ml and 2 mg/ml OLE
  TP53 OCT-4 SOX2 BCL2 c-myc c-met
Untreated            

    2^(-Avg.(Delta(Ct)) 0.014418 0.02039 0.184795 0.042926 0.014458 0.011454

2 mg/ml OLE            

    2^(-Avg.(Delta(Ct)) 0.002418 0.002828 0.013831 0.010352 0.002418 0.002418

    Fold Change 0.1677 0.1387 0.0748 0.2411 0.1672 0.2111

    95% CI (0.00001, 0.58) (0.00001, 0.46) (0.00001, 0.29) (0.00001, 0.98) (0.00001, 1.01) (0.00001, 1.09)

    *P value 0.314169 0.227929 0.175984 0.351612 0.341963 0.302438

2 mg/ml OLE + 450 µM TMZ            

    2^(-Avg.(Delta(Ct)) 0.004743 0.002418 0.011502 0.007557 0.000975 0.000975

    Fold Change 0.329 0.1186 0.0622 0.176 0.0675 0.0851

    95% CI (0.00001, 1.10) (0.00001, 0.42) (0.00001, 0.26) (0.00001, 0.70) (0.00001, 0.39) (0.00001, 0.41)

    *P value 0.329112 0.220026 0.187845 0.353684 0.341256 0.29579

450 µM TMZ            

    2^(-Avg.(Delta(Ct)) 0.121751 0.121751 0.133046 0.155609 0.121751 0.121751

    Fold Change 8.4444 5.9711 0.72 3.625 8.421 10.6295

    95% CI (0.00001, 28.07) (0.00001, 20.13) (0.00001, 2.91) (0.00001, 14.44) (0.00001, 50.50) (0.00001, 53.82)

    *P value 0.209763 0.224161 0.23702 0.484775 0.371175 0.681602
*Evaluated with an independent sample T-test using RT2 Profiler PCR Array Data Analysis.
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MGMT methylation rates were similar, the com-
bination of OLE and TMZ caused 6.23-fold up-
regulation of miR-137 in the case with the 
shortest survival (5 months) and it caused an 
8.3-fold decrease in miR-137 levels in the case 
with longest survival (> 48 months). These data 
also support our hypothesis regarding the 
action of OLE and TMZ; the interaction depends 
on both the status of MGMT and another mech-
anism related to TMZ response.

miR-145 is the third miRNA that is significantly 
altered after OLE treatment in GSCs. In recent 
studies, the expression of miR-145 was report-
ed to be down-regulated in glioma cell lines and 
GSCs compared to astrocytes and neural pro-
genitor cells, respectively [50]. Similarly, in our 
previous study, we observed a lower expression 
of miR-145 in GSC (+) tumors compared to GSC 
(-) tumors [19]. In the current study, after treat-
ment with 1 mg/ml and 2 mg/ml OLE, the 
expression level of miR-145 was increased 1.2- 
and 4.38-fold (p=0.187; 0.432, respectively). 
Further, when GSCs were treated with 2 mg/ml 
OLE in combination with 450 µM TMZ, miR- 
145 expression was 73.72-fold elevated 
(p=0.0005). This expression level was 7.28-
fold higher than that observed after treatment 
with 450 µM TMZ alone (p=0.004). OCT4 and 
SOX2 are two of the pluripotency factors of 
GSCs [51]. Because of the target sites of OCT4 
and SOX2 genes 3’ UTR regions, miR-145 may 
also be involved in the regulation of the stem-
ness properties of GBM tumors [52]. In the cur-
rent study, the expression levels of OCT4 and 
SOX2 were reduced 7.21- and 13.36-fold in 
GSCs, respectively, after treatment with 2 mg/
ml OLE. On the other hand, when GSCs were 
treated with the combination of 2 mg/ml OLE 
and 450 µM TMZ, these genes were 8.43- and 
16.06-fold decreased, respectively. In addition, 
according to Rani et al, miR-145 targets also 
another SOX family member, SOX9, and func-
tions as a tumor suppressor RNA in glioma 
cells; thus, reduced levels of miR-145 may lead 
to neoplastic transformation and malignant 
progression in glioma [53]. Taking together, 
these data suggest that OLE may act as an 
inhibitor of pluripotency factors in GSCs via the 
induction of miR-145. Additionally, Rani et al 
demonstrated that the silencing of miR-145 
leads to the overexpression of molecules asso-
ciated with cell proliferation, such as cyclin D1, 
c-myc, and N-myc [53]. According to the pres-

ent study, treatment with 2 mg/ml OLE resulted 
in a 4.38-fold increase in miR-145 expression 
and 5.97-fold decrease in c-myc expression 
(p=0.341). Moreover, when cells were treated 
with 2 mg/ml OLE in combination with 450 µM 
TMZ, c-myc expression was 14.82-fold dec- 
reased (p=0.341). On the other hand, when 
individual cases were evaluated for the possi-
ble association between their response to TMZ 
and miR-145 expression levels after 2 mg/ml 
OLE and 450 µM TMZ treatment, the effect of 
the OLE-TMZ combination was smallest (3.36-
fold up-regulation of miR-145) in the case with 
longest survival and larger (6.45-fold) in the 
case with shortest survival. Moreover, for the 
other 3 cases, the expression level of miR-145 
was not associated with survival. Therefore, we 
suggest that although the combination of OLE 
and TMZ induces miR-145 expression in all 
GSCs, the rate of induction may be affected by 
other factors. 

In summary, in the present study, treatment 
with 1 mg/ml and 2 mg/ml OLE caused cytotox-
icity in U-138MG and U-87MG cells. These 
doses are similar to the defined doses of OLE in 
T98G cells in our previous study [18]. Although 
OLE causes cell death via both apoptosis and 
necrosis, we demonstrated in our previous 
study that the cytotoxic activity of OLE is negli-
gible in normal cells [18]. In addition, when we 
evaluate the effect of OLE on the regulation of 
miRNAs in GSCs, we found the effect of 2 mg/
ml OLE alone to be very similar to the effect of 
450 µM TMZ. Furthermore, although the mag-
nitude of the changes differ depending on the 
MGMT status and/or other mechanisms, we 
found that using OLE in combination with TMZ 
raised the rate of inhibition of cell proliferation 
in GBM and increased the expression levels of 
miR-153, miR-137 and miR-145 in GSCs com-
pared to cells treated with only TMZ. Therefore, 
taking all the data together, we believe that OLE 
may synergistically affect the activity of TMZ 
with less cytotoxic activity in non-tumor cells. 
On the other hand, to a better understanding of 
the anti-carcinogenic activity of OLE, evaluation 
of the effects of the active compounds in OLE 
on GBM tumors are required. Furthermore, 
based on the current results in GBM cell lines, 
MGMT methylation status is a factor that 
impacts the effectiveness of the OLE and TMZ 
combination. However, also based on our 
results, the mechanism of action of OLE-TMZ 
and the relationship between drug resistances 
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in individual GSCs is an open avenue for future 
investigation.

In conclusion, to the best of our knowledge, our 
data are the first to demonstrate that OLE 
causes cell death in GBM cells with different 
responses to TMZ and that this effect is syner-
gistically increased in combination with TMZ. In 
addition, although we determined how OLE 
altered miRNAs in GBM cells in a previous 
study, the current study uniquely demonstrates 
the effect of OLE on changes to these miRNAs 
in GSCs. Our findings are also the first to indi-
cate that OLE may interfere with the pluripo-
tency of GSCs by modulating miRNA expres-
sion. Further studies and validation are needed, 
but we suggest that OLE may be a strong candi-
date for studies of therapeutic cancer drugs. 
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