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Abstract. - OBJECTIVE: Olanzapine, a D2/5-
HT2 antagonist, is often used as an atypical an-
tipsychotic drug in clinical. Previous research has
found its new pharmacological influence on en-
hancing the differentiation of neural stem cells
(NSCs) to oligodendrocyte-like cells (ODLCs).
Glioblastomas are associated with poor prog-
noses owing to the glioma stem-like cells
(GSLCs), which have a great many of similarities
with adult NSCs. Hence, in this article, we aim to
study the effects and associated mechanisms of
olanzapine on GSLCs derived from
U87MG glioblastoma cell lines.
MATERIALS AND METHODS: The methy
zolyl tetrazolium (MTT) colorimetric assa
conducted to investigate the effects of olan
ine on cell viability of GSLCs. Flow cytome
analysis was applied to study
namics of GSLCs and CeII C

ation assay was carri
tiation of GSLCs an

s of calcium-
aSR) and stromal interaction
, and Western blotting analy-
ine the expression of
, glial fibrillary acidic
tein, STIM1 protein and

nhibited th€ proliferation of GSLCs by ar-
e in GO/G1 phase and facilitated

ted W|th olanzapine for 48 h, cells were very
nsitive to 100 mM K+ stimulation, with in-

expression of CaSR
after treated with
protein expression

catenin was suppressed.
: Our results suggest that
s the Wnt signaling pathway
the Ca2?* pathway and re-
nin pathway, leading to the
SLCs to ODLCs. It provides
ts that olanzapine might be a
new novel chemotherapeutic modality targeting
or the treatment of glioblastomas.

Olanzapme Glioma stem-like cell, Oligodendro-
cyte-like cell, Ca?* channel, Wnt signaling pathway.

Abbreviations

NSCs = neural stem cells; ODLCs = oligodendrocyte-like
cells; CaSR = calcium-sensing receptor; CNPase = 2',3'-
Cyclic-nucleotide 3'-phosphodiesterase; STIM1 = stromal
interaction molecule 1; GSLCs = glioblastoma stem-like
cells; GAPDH = glyceraldehyde 3-phosphate dehydroge-
nase; GFAP = glial fibrillary acidic protein.

Introduction

Gliomas are one of the most invasive and fre-
quent primary malignant neoplasms in human
beings, especially in adults, accounting for
about 30% of all brain and central nervous sys-
tem (CNS) neoplasms and 80% of all malignant
brain neoplasms'. Currently, the treatment for
gliomas is commonly using the combined ap-
proaches, such as surgery excision, radiation
therapy, and chemotherapy, while the mean sur-
vival rate after the combination therapy for
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gliomas is often less than one year’. According
to the phenotype, gliomas are classified into
several types: oligodendroglioma, oligoastrocy-
toma and astrocytoma®. Meanwhile, in accor-
dance with their malignancy, they can also be sort-
ed into four grades: from WHO grade I to grade
IV#. The grade IV astrocytomas, also named
glioblastomas or glioblastoma multiforms, are one
of the most common primary malignant neo-
plasms in adult CNS°. In spite of multimodal treat-
ment with maximal surgery resection followed by
tribuzon and radiation therapy, the prognosis for
glioblastomas is still unsatisfactory, of which the
3-year survival rate is with only 10%°%’. Previous
studies have shown that glioblastomas are associ-
ated with poor prognoses on account of the exis-
tence of GSLCs, which might be one of the most
vital reasons for the recurrence and progression of
cancer patients in clinical®. Hence, developing new
novel therapeutic modalities against GSLCs is a
promising field in cancer researches.

Evidence has indicated that GSLCs are de-
fined on account of their consistent properties
with adult neural stem cells (NSCs)°. NSCs
which plans to become GSLCs, are mitojgsa
active and longevial, thereby, accum
enough oncogenic mutations during their
life and undergoing neoplastic transformath
Inducing the differentiation of GSLCs to a
cytes always causes the formation of glial sc

oligodendrocytes might
function, leading to a b

tumors. Therefore, i i
oriented differentia

several studies have found that the
erall incidence of cancers among schizo-
ic patients is remarkably lower than that of
ral population'*'¢. These findings sug-

gest that the antipsychotic drugs, such as olanza-
pine, chlorpromazine, quetiapine ag

have the inhibitory effects on
Olanzapine, a D2/5-HT2 antg
several atypical antipsychotics td
the past decade for use in i
and bipolar disorder!'®"”
demonstrated that ol

and inhibiting its expres-
ation and invasion of

ortant signaling pathway in
>* mediated signaling path-
ly involved in the prolifera-
tion of cancer cells®. It is also
e involvement of this kind of sig-
ino pathway in the differentiation of cancer
vh the extracellular calcium-sensing
ceptor (CaSR) or the intracellular Ca** alter-
ations?*. Studies have demonstrated that, in CNS,
CaSR’s expression is up-regulated when NSCs
are specified to the oligodendrocyte lineage®.
Ca’* acts as a second messenger regulating di-
verse processes such as apoptosis, activation of
the downstream gene and neural alterations in
memorizing and learning®®. Therefore, in this ar-
ticle, we plan to study the effects of olanzapine
on the cell viability, cycle dynamics, prolifera-
tion and differentiation of GSLCs derived from
human U87MG glioblastoma cell lines, and its
relationship with Wnt signaling pathway.

Materials and Methods

Glioma Stem-Like Cell Isolation and Culture

The human glioblastoma U87MG cell lines
were acquired from Shandong University and
cultured in Dulbecco’s Modified Eagle Medium
(DMED)/F12 (Boster Biology Co., Wuhan, Chi-
na) plus 10% fetal bovine serum (FBS, Boster
Biology Co., Wuhan, China) with penicillin and
streptomycin at 37°C in a 5% CO, atmosphere.
GSLCs were derived from U8S7MG cells as pre-
viously demonstrated®. The combination of
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serum-free medium (SFM) with DMEM/F12 was
used and supplemented with 2 ug/ml heparin
(Zhongshan Co., Beijing, China), 25 ng/ml epi-
dermal growth factors (Zhongshan Co., Beijing,
China), B27 reaction solution (Zhongshan Co.,
Beijing, China) and 25 ng/ml fibroblast growth
factors (Zhongshan Co., Beijing, China)*’. Olan-
zapine (Zhongshan Co., Beijing, China) stock so-
lution was prepared in dimethyl sulfoxide (DM-
SO, Zhongshan Co., Beijing, China) and further
diluted in complete cell culture medium. The
control medium was treated with the equal
amount of DMSO alone.

Cell Viability Assay

According to previous studies®®, the influence
of olanzapine on GSLCs was determined using
the methyl thiazolyl tetrazolium (MTT) colori-
metric assay. The GSLCs were cultured at 5000
cells in the 96-well plates, and were hatched at
37°C in a 5% CO, atmosphere for 12 h. After
that, the cells were treated with caffeine at differ-
ent doses of concentrations (Figure 1) for 48 h.
Cell growth was measured by adding 20 ml of 5
mg/ml MTT (Boster Biology Co., Wuhan, (aaina
to every culture well, and the GSL

sorbance value) * 100%.
done at least quintic.
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uence of olanzapine on the cell viability
SLC% The cell viability of GSLCs 48 h after the appli-
bon of different doses olanzapine detected by MTT col-
ic assay. The data express means = SD. *p < 0.05,
vs. the control.

Cell Cycle Dynamics Detection
Flow cytometric analysis was used

Co., St. Louis, MO, US
37°C. Following 100-u
the prepared cell susp

SLCs were hatched at 37°C in
dition. Then, the Cell Counting
CCK 8, Zhongshan Co., Beijing, China)
y B detect the cell proliferation. After the
lls were inoculated for 0 d, 1d, 2 d and 3 d,
CCK-8 was applied to the culture medium and
hatched for 1 h, and then the absorbance at 450
nm was measured, respectively. Each experiment
was done at least quintic.

Cell Differentiation Assay

In order to investigate the effects of olanzapine
on differentiation in GSLCs, the cell spheres
were separated by Accutase (Sigma Chemical
Co., St. Louis, MO, USA) and attached to Poly-
D-lysine-coated cover glasses in DMEM/F12
culture medium plus 10% fetal bovine serum
(FBS), with 50 uM olanzapine or DMSO for 48
h. Differentiated cells and its protrusions count-
ing were conducted using the densitometer Im-
age-Pro Plus (Media Cybernetics Co., Silver
Spring, MD, USA) image analysis system. Each
experiment was done at least quintic.

Confocal [Ca**]. Measurement

After olanzapine or DMSO treatment for 48 h,
GSLCs were cultured the detection medium un-
der an inverted microscope (Nikon, Tokyo,
Japan). GSLCs were treated with 4 pM fluo-3
AM (Sigma Chemical Co., St. Louis, MO, USA)
for 25 min and, then, rinsed three to five times
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with Krebs-HEPES (Sigma Chemical Co., St.
Louis, MO, USA) during 10 min. The 100 mM
K* pulse was used precisely to modulate the be-
ginning of stimulation. The fluorescence of fluo-
3 was detected under the confocal microscope
(Bio-Rad, Hercules, CA, USA). Then, cell stain-
ing was stimulated by Kr-Ar laser at 488 nm and
afterwards the release was determined at 522 nm.
Among each cell, control image was subtracted
from the succedent images. Data were collected
and analyzed by the LaserSharp MRC-1024 soft-
ware and the NIH Image.

RNA Isolation and Reverse Transcription-
Polymerase Chain Reaction (RT-PCR)

After olanolanzapine application, the cell cul-
ture mediums of the two groups were collected to
detect the mRNA levels of CaSR and stromal in-
teraction molecule 1 (STIM1). The overall RNA
was extracted by RNeasy Mini kit (Zhongshan
Co., Beijing, China) in accordance with the in-
structions of the manufacturer. Reverse transcrip-
tion of the overall RNA was done through the
First Strand cDNA Synthesis kit (Zhongshan Co., the
Beijing, China) in accordance with the ing
tions of the manufacturer. The primer see
for the detection of CaSR mRNA: fo
5 TTCCTGACCGCCTTTGTG3 ;
5 CGTGTAGAGCCAGATGATGC3 . The pr1
sequences for the detection of STIM1 mR
forward, 5 TGTGGAGCTG
reverse, 5 CTTCAGCACA

cific secondary antibodies
ijing, China). The enhanced
cence kit (Sigma Chemical
USA) was used to visualize
bands. The optical density of
alized with those of GAPDH) was
ermined by Image Pro Plus image analysis sys-
periment was done at least quintic.

Statistical Analysis

Data were shown as the mean + standard devi-
ation (SD). Statistical analysis of variance was
used to evaluate the results. SPSS IBM software
for Mac was used for statistical analysis of the
results (SPSS, Inc., Chicago, IL, USA). Statisti-
cal significance was calculated by using the
oneway ANOVA with the Bonferroni correction.
p < 0.05 was regarded as a statistically signifi-
cant difference.

mRNA: forward, 5
CTCTTS3 ; reverse,

Results

Olanzapine Decreased the Cell Viability
of GSLCs in the Dose-Dependent Way

GSLCs were treated with olanzapine or DM-
ne as previously de- SO for 48 h in culture and the viable cells were
s were treated on ice detected by MTT colorimetric assay. Our results
ffered saline (PBS) plus found that olanzapine reduced the cell viability
P40, Boster Biology Co., in the dose-dependent way in GSLCs (Figure 1).

, China), 0.1% Sodium Dodecyl Sulfonate Olanzapine at 100 uM reduced the cell viability

ghemical Co., St. Louis, MO, of GSLCs to less than 70%. Therefore, to avoid

), 20 ul/mL protease inhibitor cocktail any effects on cell viability, the maximal non-cy-
ongshan Co., Beijing, China) and 2 mM totoxic concentration of olanzapine on GSLCs
was 50 uM and it was thus used in our following
investigations.
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Olanzapine Inhibited the Olanzapine Facilitated the
Proliferation of GSLCs by Arresting Differentiation of GSLCs to ODLg

Cell Cycle in GO/G1 Phase Since olanzapine inhibited the py
To study the influence of olanzapine on the cell GSLCs, we planed to investigate

cycle dynamics and proliferation of GSLCs, flow activate the differentiation procg

cytometric analysis and CCK-8 assay were con- ter being cultured with 50 p

ducted. The results showed that treatment for 48 h 10% FBS for 48 h, the

with olanzapine significantly arrested the cell cy- with long protrusions g

cle of GSLCs in GO/G1 phase, when comparing to compared with that of]

the normal control (p < 0.01, Figure 2 C). Howev- was treated with 10

er, the percentage of GSLCs in S phase was lower 0.01, Figure 3 A a
than that of the normal control (p < 0.01, Figure 2 centage of cel i
D). In addition, as shown in Figure 2 E, after the

cells were inoculated for Od, 1 d, 2 d and 3 d, the
number of GSLCs significantly decreased in olan-

zapine treatment group, when comparing to that of

the normal control (day 1, day 2, day 3: p < 0.05,

p <0.01, p <0.01, Figure 2 E). These results con- ed
firmed that the proliferation of GSLCs was re- i
markably suppressed through changing the cell
cycle dynamics after treated with olanzapine.

es of the differentiat-
analysis was car-
ut to detect the relative expression of MBP
GFAP, whichare the markers of oligoden-
tes, respectively. As shown

A
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ence of olanzapine on the cell cycle dynamics and proliferation of GSLCs. A, B, Flow cytometric cell cy-

ofiles o C suspension in the normal control group and the olanzapine treated group. C, The percentage of GSLCs in
G1 phase is depicted in the bar graphs, respectively. The data express means = SD. *p < 0.05, **p < 0.01 vs. control. D,
percentage of GSLCs in S phase is depicted in the bar graphs, respectively. The data express means + SD. *p < 0.05, **¥p <
control. E, The relative optical density of GSLCs is depicted in the broken line graph. The data express means + SD.
**p < 0.01 vs. control.
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Figure 3. The influence of olanzapine on differentiatio
ine or DMSO treatment under the contrast phase ordin; roscope. Bar = 50 um. B, The images of differentiated GSLCs
in 48 h after olanzapine or DMSO applicatign under the flul nce microscope. Bar = 50 um. C, The length of process of differ-
entiated GSLCs in 48 h after olanzapj depicted in the bar graphs. The data express means + SD. *p <
0.05, **p < 0.01 vs. control. D, The, S i s after treated with olanzapine or DMSO is depicted in the bar
‘ trol. E, The protein expression of MBP and GFAP in the nor-
blot analysis. F, Relative quantification of Western blot analy-
‘p < 0.05, **p < 0.01 vs. control.

confocal [Ca?'], measurement was used to ex-
amine the function of calcium channel, the RT-
PCR was carried out to measure relative mRNA
levels of CaSR and STIM1, and the Western
blotting analysis was conducted to detect the
control (p > relative expression of CaSR, STIM1 and -
d F). Our results suggested catenin. The confocal [Ca?*], measurement
the differentiation of demonstrated that after treated with olanzapine
for 48 h, the cells were very sensitive to 100
mM K* stimulation, with the increased sponta-
neous calcium wave, when comparing to the
normal control (p < 0.01, Figure 4 A and B).
The RT-PCR detection showed that the mRNA
CasSR and Inhibiting levels of CaSR and STIM1 in olanzapine treat-
t/B-catenin Signaling Pathway ment group were higher than those in normal
o further study the associated mechanisms control group (p < 0.01, p < 0.01, Figure 4 C
gnzapine on promoting the differentiation and D). As for the results of Western blot analy-
s to oligodendrocyte-like lineage, the sis, we found that significant increases in the

2411
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B-catenin in GSLCs. A, B, The spontaneous calcium waves in GSLCs after treated
d by the confocal [Ca+], measurement. C, The mRNA levels of CaSR and STIM1

the normal control (p < 0.01, Fig. 4 E and F).
The above results indicated that olanzapine pro-
moted the differentiation of GSLCs to ODLCs
by activating the Ca** channel, up-regulating
[-catenin remarkably reduced in olanza- CaSR signaling pathway as well as down-regu-
htment group, when comparing to that of lating -catenin signaling pathway.
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Discussion

Gliomas are one of the most common primary
malignant neoplasms in the brains of human be-
ings all over the world. As is know to every re-
searcher, the treatment for gliomas, especially the
glioblastomas, is one of the most difficult chal-
lenges because of its infiltrative and aggressive
nature, so that it cannot be fully defeated by sur-
gical interference followed by chemotherapy,
making it the main death of brain tumors?!. Re-
cently, many studies have found that the schizo-
phrenic patients were less easily to suffer from
cancers than the normal people®’. The point of
view that the application of antipsychotics may
lower the risk of cancers in schizophrenic patients
was first reported in two separated articles, which
showed the anti-cancer effects of reserpine and
chlorpromazine®**. Even though the cytotoxic in-
fluence of antipsychotic drugs on the cells were
weak, they carry out the effects against the prolif-
eration on the separating cells, with the cancer
stem cells or cancer cells being selectively target-
ed®3¢. Research has suggested that chlorpro-
mazine combined with statins, which coulgmaass
through the blood-brain barrier, has sho
positive and powerful therapeutic effects
cancers in CNS?¥. These findings will provid
tremely vital strengths for studying the che
prevention property of antipsychotic medicatio
against tumors in clinical trials

Atypical, also known a
antipsychotics have replacg

positive an§
symptoms in i patients®.

has shown

ve showed the effects of sev-
medicagions on (-catenin and

ted the proliferation of
e differentiation of GSLCs

e, evidence has also found that, in tumors,
R shows the vital effects on controlling the

centrations in extracellular matrix*'. It has been
reported that the pernicious tumors 4

progression. In addition,
chemopreventive activit
activation of -catenin

um protein is STI
forms the wea

ay through activating the Ca*
gtbway and restraining the f3-catenin pathway,
¥ the differentiation of GSLCs to

zapine might be a new novel chemotherapeutic
modality targeting GSLCs for the treatment of
malignant gliomas.
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