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@ ABSTRACT

e the devastating type of astrocytic tumors, is one of the most challenging
sive nature. Auraptene, as a prenyloxy coumarin from citrus species, represents
antioxidant and antitum wies; however, the underlying antitumor mechanisms of auraptene against GBM
remain unclear. The pr/sentSgady aimed to evaluate the cytotoxic and apoptogenic effects of auraptene, as a prom-
ising natural producfydn possible signaling pathways affected in human malignant GBM (U87) cells. Reactive
oxygen species ( duction significantly decreased in the first 2, and 6 hours after treatment with auraptene
however, ROS @ w/reased in other incubation times (8 and 24 hours), dramatically. N-acetyl-cysteine (NAC)

Glioblastoma multiforme (G
cancers to treat owing to it

markedly att raptene—induced ROS production, and consequently reversed auraptene—induced cytotox-
icity in 8 and ours after treatment, as well. Induction of apoptosis occurred in the first 24- and 48-hours
concentration-dependently. The qRT-PCR showed an up-regulation in p21, CXCL3, and a down-regulation in
Cyclin D1 genes expression. Western blot analysis confirmed the up-regulation of the Bax/Bcl-2 ratio protein
levels concentration-dependently. Hence, this study collectively revealed that the increase in ROS level is at least
one of the mechanisms associated with auraptene-induced GBM cell toxicity as well as the induction of apoptosis
through Bax/Bcl-2 modulation and genes expression involved that contribute to the cytotoxicity of auraptene in
U87 cells. So, auraptene might be utilized as a potential novel anti-GBM agent after further studies.
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INTRODUCTION

Glioblastoma multiforme (GBM) is the
deadliest primary astrocytic tumor with high
cell proliferation and one-year survival rate.
Indeed, even the most utilized conventional
GBM therapy, including surgical resection,
local irradiation, and chemotherapy may only
increase an average of two-months survival of
patients (Yang et al., 2018). So, a novel ther-
apeutic approach to treat this malignant dis-
ease is crucial.

Auraptene (Figure 1), belongs to the Ru-
taceae and Apiaceae plant families, has been
recognized to possess promising various
pharmacological properties (Murakami et al.,
1997, 2000a, b; Tanaka et al., 1997, 1998,
2000; Soltani et al., 2010; Afshari et al.,
2019). Although, the antitumor effects of au-
raptene have been shown recently in various
human cancer cells, such as colon, liver, pros-
tate, breast, and skin tumors (Tanaka et al.,
1998, 2010), the underlying cytotoxic and
apoptogenic mechanisms of auraptene in
GBM cancer is not fully comprehended to
date.

Disruptions in reactive oxygen species
(ROS) and defects in apoptotic signali
(Bax/Bcl-2 deregulation) are the pri
mechanisms of GBM pathogenesis (
al.,, 2017a, b). Lately, a developin
has been found to examine the rol (ON)
during apoptosis induction in diff(ifenfgcancer

cell lines, including GBM. VarjouS%&amina-
tions have shown that speci ticancer
agents (e.g., doxorubicin iri¥bicin, and
daunomycin) prompt ap in part with
the generation of ROS disturbance of
redox homeostasis (L 1., 2007).

According to ou edge, there are no
reports regarding tk%oxic impacts of au-
raptene with a focus 0 ROS production in
U87 cells. Hence, the current examination
was designed to evaluate the cytotoxic and
apoptogenic impacts of auraptene concentrat-
ing on ROS production using U87 cells in
Vitro.

f:@\
0 0 0/\/\/\/]\

Auraptene (mw: 298.376 g/mol)

Figure 1: Chemical structure of auraptene

MATERIALS AN&ETHODS

N

\ H-cysteine (NAC)

Cell line and reagent. (r
Auraptene and Dlga
were purchased frég)
(Michigan, MI, U g‘\ #l'he human malignant
GBM (U87) cellyline*was obtained from the
National Cell %01‘ Iran (NCBI), Pasteur
Institute (Ter@ an). The Dichloro-dihy-
dro-fluoreS¢ diacetate (DCFDA)/
H2DCFI$IuIar ROS detection assay kit
was taincd from Abcam (Cambridge,
Uni gdom). Annexin V-FITC early
ap assay kit and antibodies against
, BCl-2, and B-actin were prepared from
ignaling Technology (Beverly, MA,
). Dimethyl sulfoxide (DMSO), gelatin,
psin-EDTA, and penicillin-streptomycin
were provided from Sigma-Aldrich (St.
Louis, MO, USA). The bicinchoninic acid
(BCA), protein assay kit, was produced by
Pierce Co. (Pierce, Rockford, IL, USA). Fetal
bovine serum (FBS) and High Glucose-Dul-
becco’s Modified Eagle’s medium (DMEM)
were obtained from Gibco (Grand Island, NY,
USA).

Cell culture and treatment

The U87 cells were kept in an incubator at
37 °C. The cells were cultured in a high glu-
cose DMEM (4.5 g/L) supplemented with
10 % v/v FBS, and 100 unit/mL of penicillin-
streptomycin, and the media were changed
twice a week. The cells were cultured over-
night and then treated with 100 and 400 pg/
mL of auraptene. All the treatments were trip-
licated.
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Measurement of ROS levels

This method was performed and analyzed
by the DCFDA/H2DCFDA - cellular ROS de-
tection assay kit according to the manufactur-
er's instructions. The U87 cells (25x10°/well)
were seeded out overnight in a 96-well dark-
sided culture plate. After overnight incuba-
tion, the cells were washed with 100 pL of 1X
buffer and incubated with 100 pL of
H2DCFDA (25 uM) solution for 30-45
minutes in the dark at 37 °C. Then, the cells
were rewashed and treated with auraptene
(50, 100, 200 pg/mL) or NAC (5 mM) for 2,
6, 8, and 24 hours. The fluorescence was
measured at an excitation of 485 nm and
emission of 535 nm with the fluorescence
plate reader FACScan (Becton Dickinson,
San Jose, USA). All treatments were done in
triplicate.

Apoptosis flow cytometry assay

Early/late apoptosis was detected by the
Annexin V/PI staining kit according to the
manufacturer's instructions. In brief,
24 hours of cell incubation (7x10° in a
culture plate) with auraptene (100 a 0

pg/mL), the cells were harvested and wasned
twice with ice-cold PBS and re- ded in

200 pL of 1X binding buffer ng An-
nexin V. Next, 96 uL of ce sion was
transferred to the flow ¢ ic tube, and

in V-FITC and
e cells. The cells
tes at 0 °C 1n the

then 1 pL of conjugated ({nn
PI(12.5 pL) were addgd.t
were incubated for

Table 1: T,
Gene s

dark. After that, the final volume was set at
250 uL with 1X binding buffer containing
Annexin V. The number of viable, early apop-
totic, late apoptotic, and necrotic cells were
quantified immediately by the BD Facscali-
bur™ flow cytometer (Becton Dickinson,
Mountain View, CA, USA). Analysis of the
flow cytometry data was done utilizing the
software FlowJo® vX.0.7 (Tree Star, Ashland,
OR, USA). All treatments were carried out in
triplicate.

Quantitative Reql-¥i
Reaction (qRT-
Total RN extracted from the treated
U87 cells (7x<10¥cells/well) according to the
RNeasy® w%kit protocol (Qiagen GmbH,
Hilde y). Next, RNAs were reverse-
tra utilizing the Prime-Script™ RT
reag it (TaKaRa Holdings, Inc., Kyoto,
). Next, qRT-PCR was performed with

fic primers for GAPDH, p21, Cyclin D1,

P
% CXCL3 (Table 1), which were purchased

rom Macrogene (Macrogene Co., Seoul,
South Korea). The cDNA amplification was
done utilizing the Light Cycler 96 RT-PCR
system (Roche Applied Science, Pleasanton,
CA, USA). The 2 22 technique was used to
analyze the relative expression of target
genes. Gene expression data were normalized
to GAPDH.

The primer sequences (forward and re-
verse) are listed in Table 1.

ence of primers in the present study

Primer sequence (5' — 3')

Forward: ACAACTTTGGTATCGTGGAAGG

Reverse: GCCATCACGCCACAGTTTC

Forward: TGTCCGTCAGAACCCATGC

Reverse: AAAGTCGAAGTTCCATCGCTC

Forward: TGGAGCCCGCCCGTGAAAAAGAGC

Reverse: TCTCCTTCATCTTAGAGGCCAC

Source
GAPDH Human
p21 Human
Cyclin-D1 Human
CXCL3 Human

Forward: CGCCCAAACCGAAGTCATAG

Reverse: GCTCCCCTTGTTCAGTATCTTTT

578



EXCLI Journal 2019;18:576-590 — ISSN 1611-2156

Received: February 06, 2019, accepted: July 26, 2019, published: July 30, 2019

Preparation of lysates and Western blot
analysis

The 7 x 10° cells were overnighted and
treated with auraptene (100 and 400 ug/mL).
After 24 hours of incubation, U87 cells were
lysed in RIPA lysis buffer. The lysates were
then centrifuged, and the supernatants were
maintained at —70 °C before being utilized.
The BCA protein assay kit analyzed the pro-
teins concentration. The lysates were sepa-
rated by 7.5-15% SDS-PAGE and transferred
onto a polyvinylidene difluoride (PVDF)
membrane (Bio-Rad, HC, USA) utilizing a
transfer buffer. After blocking, the membrane
was incubated with primary antibodies fol-
lowed by 2 hours with a secondary antibody.
The primary antibodies (1: 1,000) were di-
luted according to the manufacturer's instruc-
tions and incubated with the membrane over-
night at 4 °C. Then, the horseradish peroxi-
dase-conjugated secondary antibody was
added (1: 3,000 dilution) and incubated with

the membranes for 1 hour. The detection 0@ ; o

each protein was carried out using the Su
Signal® West Femto (Thermo Fisher Sc
tific, Inc., USA) Western blotting kit

ing to the manufacturer's instructio el-
ative expression was performed age
J 1.52a software (NIH, BethesZa, ville,
MD, USA) and then compargd tOWhe B-actin
protein.

Statistical analysis

The obtained da nalyzed using the
software GraphP& ® 7.01 (GraphPad
Software, San 0,€A, USA) and the val-
ues were co sing the one-way analy-
sis of vari NOVA) followed by the
Dunnett test. Mgrthermore, the study of apop-
tosis and Western blotting was carried out by
FlowJo® vX.0.7 (Tree Star, Ashland, OR,
USA) and Image J 1.52a software (NIH, Be-
thesda, Rockville, MD, USA), respectively.

P

The outcomes are stated as the mean + stand-
ard error. P-values less than 0.05 were consid-
ered significant.

RESULTS

The increase of ROS levels in U87 cells by
auraptene
To evaluate the role of ROS in auraptene-

induced cytotoxicity, we measured the levels
of ROS generation us a fluorimeter
(Epoch, BioTek® inst
presented in Figure@ i
the cells treated aptene showed a sig-
nificant reductiome early hours (2 and 6
hours after treatigent, p<0.001), and a consid-
erable incre e 24 hours after treatment
over, ROS level elevation in
ter treatment by auraptene was
arkRably.
king the generation of ROS by the
ent of NAC (a ROS scavenger, five
ot only almost mitigated auraptene-

ompted ROS elevation but also reversed the
decrease of cell viability at 24 (50, 100 and
200 pg/mL) hours after treatment in U87 cells
significantly (Figure 2B).

Auraptene induced apoptosis in U87 cells

To determine apoptosis, we observed
apoptotic and necrotic cells at concentrations
of 100 and 400 pg/mL as 78.71 % and
95.83 %, respectively, after 24 hours of treat-
ment, as shown in Figure 3A. Besides, apop-
totic and necrotic cells 48 hours after treat-
ment at concentrations of 100 and 400 pg/mL
were reported as 76.71 % and 81.47 %, re-
spectively, as shown in Figure 4A. Further-
more, as shown in Figures 3B and 4B, we
summarized the percentage of apoptosis pro-
cess in each phase. Apoptotic and necrotic in-
dex at 24 and 48 hours after treatment was sig-
nificantly increased in a concentration-de-
pendent manner (Figures 3C and 4C,
p<0.001).
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Figure 2: (A) Effects
early hours (2 and 6
treated for 2, 6, 8,

raptene on ROS levels in U87 cells. Auraptene decreased ROS levels in the
but enhances ROS generation in the 24 hours after treatment. Cells were
ours at auraptene concentrations of 50, 100, and 200 yg/mL, and the ROS
was measured by meter (Epoch, BioTek® instruments, Inc, USA). In the TBHP positive control
(150 pM) sample, the rescence intensity increased significantly compared to the control group. Also,
N-acetyl-cysteine (NAC, five mM) decreased the auraptene-induced ROS production at 8 and 24 hours
after treatment, significantly. Each column represents the meantstandard error in the samples.
(*p<0.05, #p<0.01 and ##P<0.001 compared with control) (n=4). (B) NAC (five mM) plus auraptene
increased the cell viability at 8 (concentration of 50 ug/mL) and 24 (50, 100 and 200 pug/mL) hours after
treatment compared with each other group. Each column shows the meanzstandard error in the sam-
ples. (##P<0.001 and #p<0.05 compared with the control group, **p<0.01 and *p<0.05 compared with
each other group in the same concentration) (n=4)
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Figure 3: (A) The measurement of apoptoji necrotic cells was performed by the annexin V-FITC/PI
staining assay 24 hours after treatment ptene (100 and 400 pg/mL). Auraptene induced apop-
tosis concentration-dependently 24 h er treatment compared to the control group. FL2-H and

FL1-H are Pl and annexin V-FITC, resp
the phosphatidyl serine-expressing
stained with PI, a non-penetrating
and annexin V-FITC represent tha
ages of viable, early/late apopto
group, 24 hours after treatm

ively. The annexin V-FITC conjugated protein was bound to
‘cellpsurface, which is an early apoptosis marker. The cells were
calaz ), 0 the DNA, |nd|cat|ng necrotlc cells. The ceIIs stained with PI

uraptene (Q1: annexin V-/PI +, necrotic cells; Q2: annexin V+ /PI
+, late apoptotic cells; Q3 f. V+ /Pl -, early apoptotic cells; Q4: viable cells). Tests were repeated
in triplicate. (B) and (C) sr&e percentage of apoptosis process in each phase and the apoptotic and
necrotic index in the tr mples as compared with the control group, 24 hours after treatment,

respectively. Each col rgpresents the mean * standard error in the samples. ***P<0.001 as com-
pared with the contro (n=5)
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Figure 4: (A) The measurement of ap
double-staining assay 48 hours aftg

apoptosis concentration-depende -/ Wanner 24 hours after treatment compared to the control group.
FL2-H and FL1-H are Pl and anxi V-FITC, respectively. The annexin V-FITC conjugated protein was
NS jressing cell surface, which is an early apoptosis marker. The cells
ating color to the DNA, indicating necrotic cells. The cells stained with
int the endpoints of apoptosis and the initial phase of necrosis. The per-
S@optotic, and necrotic cells in the treated samples compared to the control
Went by auraptene (Q1: annexin V-/PI +, necrotic cells; Q2: annexin V+ /PI
+, late apoptotic ce¥s; (Spannexin V+ /Pl —, early apoptotic cells; Q4: viable cells). Tests were repeated
in triplicate. (B) @// how the percentage of apoptosis process in each phase and the apoptotic and
necrotic index@' N&freated samples as compared with the control group, 48 hours after treatment,

S
7

respectively. lumn represents the meantstandard error in the samples. *** P<0.001 as com-
pared with the cO®trol group (n=5)

Impact of auraptene on expression levels of  the expression of Cyclin D1 (P<0.01, and

the p21, Cyclin D1, and CXCL3 genes p<0.001, concentration-dependently) gene
The results showed that auraptene up-reg-  was mitigated 24 hours after treatment, signif-

ulated p21 and CXCL3 (P<0.05 and p<0.001) icantly (Figure 5).

at mRNA level 24 hours after treatment. Also,
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) RNA expression. The relative genes expression levels of
gre determined by densitometer analysis. The y-axis indicates

the fold-change. Results were % // to levels of GAPDH in the samples. *P<0.05, **P<0.01 and
| group

***P < 0.001 compared to the

Impact of aurapten A/ ax and Bcl-2
proteins expressigi ('/f

'te the molecular mech-
en® affecting U87 cellular
apoptosis, blotting was used to detect
the chan signaling molecules in U87
cells (Figurc®A).

The analysis of data showed that aurap-
tene significantly affects the function of U87
cells via increasing of Bax (P<0.001), down-
regulation of Bcl-2 (100 pg/mL was signifi-
cant, 400 pg/mL was not significant
[P<0.001]) 24 hours after treatment. Also, the
Bax/Bcl-2 protein ratio was increased re-
markably in both of auraptene concentrations
(Figure 6B).

anisms of a

DISCUSSION

GBM, as the most aggressive type of ma-
lignant primary brain tumor in humans, is still
a serious public health problem because of
high morbidity and mortality, regardless of
maximal standard treatments (Song et al.,
2018; Tang et al.,, 2017). To date, te-
mozolomide and bevacizumab, have been
used as the main chemotherapeutic for treat-
ing GBM and preventing its recurrence. Un-
fortunately, response rates for these drugs are
significantly low (Chinot et al., 2014;
Hovinga et al., 2019). Given this limited effi-
cacy, finding novel strategies are essential to
improve the prognosis of GBM patients.
Hence, in the current study, we evaluated the
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Figure 6: (A) Auraptene suppress protein expression in U87 cells and up-regulates Bax protein
level. U87 cells were treated wit nd 400 ug/mL of auraptene for 24 hours. The total protein levels
of Bax and Bcl-2 are assessed b ern blotting. The relative density of Bax and Bcl-2 are determined
by densitometry of the blots mage J 1.52a software and were compared to the 3-actin protein.
**p<0.01 and ***P<0.001 ed to the control group. (B) Auraptene increased the Bax/Bcl-2 protein
ratio after 24 hours’ trez gnificantly. *p<0.05 and ***P<0.001 compared to the control group

=l

raptene, as a al natural product, against et al., 2017; Fanoudi et al., 2017). We found
GBM for the first time. that auraptene mechanistically triggers aurap-

Natural products have been utilized over  tene-induced cytotoxicity through ROS pro-
the years because of a large number of side  duction, up-regulating the Bax/Bcl-2 protein
effects of chemotherapeutic agents in treating  level, and modulating the expression of tran-
cancer (Asadbeigi et al., 2014; Kaur et al., scription genes involved in the cell cycle.
2018; Tavakkol-Afshari et al., 2008; Mousavi ~ Various studies have examined the cytotoxic
et al., 2009a, b). These agents are usually in-  impacts of auraptene in animal models of
expensive, available, effective, safe, and have  prostate, liver, breast, intestinal, and skin tu-
fewer side effects (Afshari et al., 2016, 2018;  mors (Tanaka et al., 2000; Kohno et al., 2006;
Boroushaki et al., 2016; Sadeghnia et al., Jun et al., 2007). In our previous study

cytotoxic an(%%%enic properties of au-  2017; Mollazadeh et al., 2017; Shafiee-Nick
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(Afshari et al., 2019), it was revealed that U87
cell proliferation was influenced by different
concentrations of auraptene (0-400 pg/mL),
in a time- and concentration-dependent man-
ner (ICso was detected at a concentration of
100 ug/mL).

ROS, as characterized as oxygen-contain-
ing species with reactive properties, assume
an essential role in abnormal pathological
processes including cancer, particularly brain
tumors. Some studies have shown that cancer
cells (as compared to normal cells) displayed
elevated ROS generation, which was consid-
ered to be instigated by an enhanced meta-
bolic activity, mitochondrial dysfunction, and
oncogenic incitement (Wang et al., 2017a, b).
The elevated ROS production in cancer cells
not only further promotes genetic instability,
stimulates cell proliferation, and formation of
drug resistance, but also may give a biochem-
ical basis for therapeutic approaches to kill
cancer cells by further increasing ROS gener-
ation utilizing pharmacological agents. So,
ROS appears to be the critical player in aurap-
tene-induced cell death in cancer (Afshari et
al., 2019; Okuyama et al., 2016; Kumar et al.,
2016).

In some studies, the effects of antioxidz Al
anti-inflammation, and apoptosis induc @
auraptene were mentioned (Tanaka/es ¥,
2000; Hara et al., 2005; Kostova, |
rakami et al. in their study hav
auraptene significantly decreas
sion and production of indugs
synthase/cyclooxygenase
the tumor necrosis facto
ducing the productio

v/ u-

¢ release of
-a, thereby re-
S (Murakami et
1 afd Ohigashi, 2006).
OS generation miti-
the early hours. How-
ever, ROS level a4 hours after treatment el-
evated significantly; this impact was plat-
eaued at 24 hours and lower concentration.
According to the above, to find out whether
this increase was due to cell death induced by
auraptene or not, a combination of NAC (5
mM, as an antioxidant agent) plus auraptene
in U87 cells were used. It was found that NAC
reduced the production of ROS at the last

hours of treatment. Also, a significant reduc-
tion in the auraptene-induced ROS at 8 and 24
hours was observed. In line with the present
outcomes, the production of ROS in inflam-
mation and apoptosis is a crucial role by facil-
itating the activation of caspase and activating
the pathway of NF-kB. Thus, when ROS pro-
duction is out of control, it can stimulate
apoptosis (Su et al., 2005; Dewson and Kluck,
2009; Kagan et al., 2005). Besides, the anti-
proliferative impact of auraptene was re-

versed (at 50 pg/mL concen%n of aurap-

tene in 8 hours and a conc of 100 and
200 in 24 hours) by t ent of NAC,
demonstrating a ROS ed mechanism of

auraptene prompted xicity in U87 cells.
It ought to be notedy aufaptene has been rec-
ommended to ap tent antioxidant ability
in hepatotoxjgi ebkar, 2011), which is
in contra outcomes in U87 cells. This
inconsisten ay be clarified by the diverse
cell ty%ltilized, or distinct pathophysio-

aters among normal and neoplastic

logi
cells, ich should be furthermore eluci-
n

duction of apoptosis is one of the most

itical strategies in the prevention and treat-
ment of cancer (Mousavi et al., 2008, 2009a,
b; Tayarani-Najaran et al., 2011; Sharifi et al.,
2010; Parsaee et al., 2013), especially astro-
cytic tumors (Mousavi et al., 2008; Parsaee et
al., 2013; Sharma et al., 2017; Piperigkou et
al., 2018; Sharifi et al., 2007). Many of the
substances used in diets and herbs can have
cancer-related effects through their induction
of apoptosis (Abu-Darwish and Efferth,
2018). The induction of apoptosis and necro-
sis in U&7 cells by the auraptene was moni-
tored by utilizing fluorescent stains (Annexin
V and PI) via flow cytometry. Our outcomes
have shown that auraptene effectively induces
apoptosis concentration-dependently in U87
cells. The primary cause of death at concen-
trations of 100 pg/mL (ICso concentration),
was apoptosis 24 hours after treatment, and
the leading cause of death at 400 pg/mL, was
apoptosis and necrosis. In 48 hours after treat-
ment, apoptosis and necrosis were observed,
but the main cause of death at a concentration
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of 100 pg/mL was apoptosis, and the main
cause of death at 400 pg/mL was necrosis. In
accordance with this study, auraptene had an-
ticancer effects in Jurkat T-cell cells by necro-
sis and apoptosis after 24 hours (Jun et al.,
2007).

The proportion of Bax to Bcl-2 is a defin-
itive factor in the induction of apoptosis, and
the balance between the expression levels of
the proteins Bax and Bcl-2 are crucial for cell
survival or death. Our previous study was
shown that auraptene triggers apoptosis in
U87 GBM cells at concentrations of 100 and
400 pg/mL, through the expanded proportion
of Bax/Bcl-2 genes expression.

The present results from the Western blot
analysis have shown that a down-regulation
of Bcl-2 protein levels and an up-regulation of
Bax protein expression was observed 24
hours after treatment. These results suggest
that the Bax/Bcl-2 signaling pathway is partly
involved in the apoptosis induced by aurap-
tene.

Since auraptene was able to disrupt the
cell cycle (discussed in our previous stydy W
and apoptosis induction, the impact of
tene on the genes involved in the U87 4%
cle was investigated. The results ofJagstul
demonstrated that auraptene cou‘@uc the
expression of the Cyclin D
mRNA level, possibly resulti

disturb-

ance in the cell cycle. Studj shown that
mutation, amplification xtreme expres-
sion of Cyclin D1, whi ds to the progres-

sion of the cell cycl ften observed in a
variety of tumors y lead to tumorigen-
icity. The expres ot Cyclin D1 has up-reg-
ulated in breast carcinoma and GBM, leading
to increase in the invasion and metastasis
(Arato-Ohshima and Sawa, 1999; Biischges et
al., 1999).

The p21 protein plays a vital role in regu-
lating the cell cycle, proliferation, and stop-
ping cell growth and apoptosis, as well. Stud-
ies have revealed that reducing the expression
of this protein increases the tumor stage, inva-
sion, and metastasis to the lymph nodes (Chen

et al.,, 1999). The current study showed that
the expression of p21 gene expression in-
creased, which was consistent with the results
of the cell cycle (discussed in our previous re-
view) and apoptosis.

Also, the present study showed that aurap-
tene at both concentrations (100 and 400
ng/mL) increases the gene exprgssion level of
CXCL3 chemokine, which i
ducing GBM tumorigenic
shown that CXCL3 gen
the migration and adh
reduces the amount of
GBM tumorigenicj
shown that CX

tudies have
sion controls
monocytes and
i1s chemokine in
ecently, it has been
ulates the cell inde-
ation of progressive cer-
urons to the cerebellar in-
ner layepmdurifig cerebellar morphogenesis.
Besid %e expression of CXCL3 is re-
duce ain granulator precursors, this in-
s thie risk of medulloblastoma (Bruyere
%)1 1).
ollectively, the present data showed that

aptene might be responsible for its cyto-

y toxic and anticancer properties in U87 cells.
W As shown in Figure 7, we have demonstrated

the proposed mechanisms of auraptene in the
U87 GBM cell line.

CONCLUSIONS

In summary, the outcomes of the current
study provide the first evidence that aurap-
tene-induced ROS generation mediates cyto-
toxicity and disrupts apoptosis via Bax/Bcl-2
regulation and Cyclin DI, p21, and CXCL3
genes modulation in GBM cells. Due to its
relative non-lethal nature and its ability to in-
duce apoptosis of U87, auraptene could be a
promising novel natural candidate for the
therapy of GBM patients, after further mech-
anistic studies.
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Figure 7: The proposed model of molecular signaling pathways from U87 cells following exposure to
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