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Abstract Glioblastoma multiform (GBM) is a primary malig-
nant brain tumor with a few therapeutic targets available for it.
The interaction between the immune system and glioma is an
important factor that could lead to novel therapeutic approaches
to fight glioma. In this study, we investigated in vitro anti-
inflammatory and apoptotic activity of atorvastatin in different
concentrations 1, 5, and 10 μM on glioma spheroid cells cul-
tured in a three-dimensional model in fibrin gel that indicate the
complex in vivo microenvironment better than a simple two-
dimensional cell culture. A mechanistic insight into the role of
IL-17RA, TRAF3IP2, and apoptotic genes in progression of
glioma could provide an important way for therapy of malig-
nant tumors with manipulation of this inflammatory axis. To
reach for these aims, after 24 and 48 h exposure with different
concentrations of atorvastatin, caspase-8, caspase-3, Bcl-2,
TRAF3IP2, and IL-17RA gene expression were assayed.
Terminal deoxynucleotidyl transferase-mediated dUTP nick-
end labeling assay and cell cycle assay were used for evaluating
the cell apoptosis and proliferation. The results showed that

atorvastatin has anti-inflammatory and apoptotic effects against
glioma spheroids. Atorvastatin induced the expression of
caspase-3 and caspase-8 and downregulated the expression of
Bcl-2, TRAF3IP2, and IL-17RA especially at 10 μM concen-
tration. These effects are dose dependent. The most likely
mechanisms are the inhibition of inflammation by IL-17RA
interaction with TRAF3IP2 and NF-κB signaling pathway.
Finally, these results suggest that atorvastatin could be used as
an anti-cancer agent for glioblastoma treatment.
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Introduction

Glioblastoma multiform (GBM), a highly malignant astrocyt-
ic tumor, is one of the most common primary malignant tu-
mors of the central nervous system [1]. Despite many efforts
to get over this aggressive disease with the use of surgery,
radiation, and conventional chemotherapy, the median overall
survival of patients with GBM is still just more than 1 year,
mostly because of resistance to therapy [2]. Interferences that
can prevent the development or slow the growth of these tu-
mors are necessary. There are a few therapeutic targets for
GBM, so the understanding of the molecular mechanisms of
GBM progression is more important. The inflammatory mi-
croenvironment generally promotes malignant progression
[3]. Studies have suggested a connection between inflamma-
tion and glioma. Absolutely, the survival, growth, and inva-
sion of GBM cells are promoted by various inflammatory
cytokines [4–6]. Understanding how the immune system and
glioma interact with each other could lead to novel therapeutic
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approaches to fight glioma [7]. Themicroenvironment of glio-
blastoma is another factor that recently received more atten-
tion as a possible target for the development of a new and
more efficient therapy [8, 9]. Numerous studies have evaluat-
ed the potentially preventive activity of anti-inflammatory
drugs against tumors [10]. Statins, the 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase
(HMGR) inhibitors, are increasingly known as anti-
inflammatory agents [11]. Experimental evidences suggest
that these agents have potent anti-inflammatory properties
in vitro and in animal models. Also, recent clinical studies
independent of the magnitude of lipid lowering provide evi-
dence that in human, statin-mediated inhibition of inflamma-
tion affects clinical outcomes [12]. Clinical trials have shown
a noticeable reduction in cardiovascular mortality in patients
treated with statins [13–15]. Statins have been reported to
have properties of suppression of the proinflammatory medi-
ators such as TNF-α, IFN-γ, and iNOS [16]. Statins have also
been shown to activate caspase proteases involved in pro-
grammed cell death. Studies show that statins cause cell death
in tumor cells by activating caspase-3, caspase-8, and caspase-
9 [17]. To survey the signal transduction mechanisms induced
by statins in U87 glioma cells, we have chosen a lipid soluble
statin, atorvastatin, because it has been shown that cell death
were not able to induce by hydrophilic statins, whereas all
hydrophobic ones were associated with apoptosis in endothe-
lial cells [15]. Statins, such as atorvastatin, are known to exert
lipid-lowering but also anti-inflammatory effects. Growth of
solid tumors results in most cases in a hypoxic microenviron-
ment and the release of various cytokines and growth factors,
which together increase inflammation, angiogenesis in tumor
stroma, and triggering signaling cascades that activate NF-
kappa B and STAT3 that produces predominantly by a specific
subset of T helper cells (Th cells), namely Th17 cells [18–20].
IL-17R (renamed IL-17RA), a first receptor for IL-17, was
described with the discovery of IL-17 [21]. Among IL-17
receptors, IL-17RA is the cognate receptor for IL-17. IL-
17RA by the binding of IL-17 is activated after that IL-17
signaling has been shown to induce various downstream path-
ways such as mitogen-activated protein kinase (MAPK) and
nuclear factor-κB (NF-κB) pathways [22]. Recent studies
have demonstrated that the adaptor protein NF-κB activator
1 (Act-1) plays an essential role in IL-17-dependent signaling
[23, 24]. TRAF3IP2 (TRAF3 interacting protein 2) also
known as (ACT1; CIKS; C6orf2; C6orf4; C6orf5; C6orf6;
CANDF8; PSORS13) is a redox-sensitive cytoplasmic adapt-
er protein and an upstream regulator of IKK/NF-κB and JNK/
AP-1 and a mediator of various autoimmune and inflammato-
ry diseases [25]. This gene product communicates with TRAF
proteins (tumor necrosis factor receptor-associated factors)
and either I-kappaB kinase or MAPK to activate either
NF-κB or Jun kinase. Multiple members of the TNF-
receptor-associated factor (TRAF) family including TRAF2,

TRAF3, and TRAF5 have been implicated in TNF signaling;
however, clarifying their functional roles has been complicat-
ed because of diverse heterotypic and homotypic interactions
that can occur between members of this family [7, 23–25].

In this study, we investigated the in vitro anti-inflammatory
and apoptotic activities of atorvastatin on glioma spheroid
cells in a three-dimensional model in fibrin gel.

Materials and Methods

Reagents

Atorvastatin ([R-(R*, R*)-2-(4-fluorophenyl)-ß, δ-dihydroxy-
5-(1-methylethyl)-3-phenyl-4-(phenylamino)-carbonyl]-1-h-
pyrrole-1-heptanoic acid) was purchased from Sigma Aldrich
and dissolved in sterile DMSO (Beyotime, Shanghai, China).
The stock solution was 10 mM and diluted to 1, 5, and 10 μM
concentrations with cell culture medium immediately before
use. The final concentration of DMSO in any media did not
exceed 0.1%.

Cell Culture

The human U87 human primary glioblastoma cell line
(U87MG) was obtained from the Cell Bank of the Pasteur
Institute, Iran. This cell line was cultured in DEMEM/F12
media (Gibco BRL-Life Technologies, Rockville, MD), sup-
plemented with 10% fetal bovine serum (FBS) (Invitrogen),
100 U/ml penicillin and 100 μg/ml streptomycin (Sigma), and
incubated in a humidified atmosphere containing 37 °C with
5%CO2. U87 glioma cells were used in the first five passages.

Glioma Spheroids in 3D Culture Medium

The U87 cell line was cultured in a non-adherent plate.
Briefly, the cells were washed with PBS, added cell dissocia-
tion enzyme, and incubated at 37 °C for 2–5 min after that cell
suspension was centrifuged and removed supernatant and cell
pellet resuspended in 1 ml of complete growth medium. The
cell suspension was transferred to a sterile non-adherent 8-
well plate and incubated at 37 °C, 5% CO2, 95% humidity.
Tumor spheroid formation was confirmed visually 4 days lat-
er, and after that glioma spheroids encapsulated in fibrin gel.
To prepare the fibrin gel, 3 mg of fibrinogen (Sigma, USA)
was dissolved in 1 mlM199 solution (Sigma, USA) and along
with spheroids transferred to a 24-well culture dish.
Afterward, 15 μl of a thrombin solution (120 U/ml in 1 M
sodium buffer; Sigma, USA) and 50 μl of FBS were added to
each well. The culture plates were placed at 37 °C for 1 h to
form a 3D network structure. To investigate the effect of ator-
vastatin on inflammation, spheroids were then stimulated with
1, 5, and 10 μM concentrations of atorvastatin for 48 h.
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Cell Proliferation Assay

Glioma spheroids were encapsulated in fibrin gel in 12-well
culture plates. After 2 days that the spheroids were exposed to
different concentrations of atorvastatin (1, 5, and 10μM), they
were resuspended in 1–2 ml of medium and counted using a
hemocytometer.

Cell Death Detection

To detect apoptosis of treated tumor spheroid cells, terminal
deoxynucleotidyl transferase-mediated dUTP nick-end label-
ing (TUNEL) assay was performed by using an in situ cell
death detection kit (Roche, Mannheim, Germany) according
to the manufacturer instructions at 48 h post treatment. Glioma
spheroids were encapsulated in fibrin gel in 96-well flat-bot-
tom microtiter plate and treated with atorvastatin at three con-
centrations of 1, 5, and 10 μM. Briefly, spheroids were
washed and fixed in 4% (w/v) paraformaldehyde and were
then washed in PBS, and stored in 70% ethanol at 4 °C over-
night. After being washed with 10 mMTris–HCl (pH 7.6), the
spheroids were incubated in methanol containing 0.3% H2O2

for 10 min to quench endogenous peroxidase activity. These
cells were then treated with proteinase K (Roche, 20 μg/ml in
Tris buffer) at 37 °C for 30 min. The spheroids were then
incubated in the TUNEL reaction mixture (450 μl of label
solution and 50 μl of enzyme solution) at 37 °C for 60 min
and then in horseradish peroxidase (Santa Cruz, Germany)
solution for 30 min. The color reaction was developed in
3,30-diaminobenzidine (DAB, Roche; 0.5 μl DAB and
1.5 μl peroxide buffer) for 5–10 min. A set of cells was incu-
bated in the absence of TUNEL as a negative control. With
this procedure, apoptotic cell nuclei will be dark brown. The
stained cells were observed under a light microscope
(Olympus, Tokyo, Japan). Apoptotic cells were counted in
each four groups.

MTTAssay

Cell viability was assessed by a microplate-based 3-(4,5-
dimethylthia-zol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) cell viability assay. Glioma spheroids were encap-
sulated in fibrin gel in 96-multiwell culture plate and incu-
bated for 24 h at 37 °C. Then, they were treated with dif-
ferent concentrations of atorvastatin (1, 5, and 10 μM) for
24 h. After incubation, MTT reagents (0.5 mg/ml) were
added to the each well and the plates were in the dark at
37 °C for 4 h. At the end of the incubation, the medium
was removed, the resulting formazan was dissolved in
DMSO, and the optical density was measured at 570 nm
using an ELISA plate reader.

Cell Cycle

Cell cycle analysis was executed using Propidium Iodide
Flow Cytometry Kit (Abcam). Glioma spheroids in fibrin
gel were cultured in the presence of 1, 5, and 10 μM atorva-
statin at 37 °C and 5% CO2 for 2 days. Prepared spheroids
were suspended in buffer (e.g., PBS + 2% FBS; PBS + 0.1%
BSA) then washed and spun cells at 300×g for 5 min X2
resuspend at 3–6 × 106 cells/ml. Aliquot 500 ul cells were in
a 15 ml polypropylene, V-bottomed tube and added 5 ml cold
70% ethanol dropwise while gently vortexing. If cells are not
vortexed on addition to the ethanol, they will be fixed to each
other in clumps. After that, fix cells for at least 1 h at 4 °C. Add
1 ml of propidium iodide (PI) staining solution (3.8 mM so-
dium citrate, 50μg/ml PI [Sigma, P 4170] in PBS) to cell pellet
and mix well. Add 50 ul of RNase A stock solution (final
concentration 0.5 μg/ml (Worthington Biochemicals, RASE
LS005649, LS005650)) and incubate overnight (or at least
4 h) at 4 °C. Store samples at 4 °C until analyzed by flow
cytometry.

Real-Time Polymerase Chain Reaction (PCR)

Total RNA from glioma spheroids was extracted using the
RNeasy Mini Kit (Qiagen, Valencia, CA, USA), and reverse
transcription was carried out with a Sensiscript Reverse
Transcriptase Kit (Qiagen). Primers used for qPCR were as
follows: sequences of the IL-17RA primer were used: forward
primer, 5′-AATTTCCTTGTGCCTGACTGTGAG-3′; reverse
primer, 5′-TCCACAGGGTGAAGCTCACAC-3′. Sequences
of TRAF3IP2 primer were used: forward primer, 5′-CTTA
GGGATACCGTGATGATAATCG-3′; reverse primer, 5′-
GAACTCAATCTGCATCATTCGATG-3′, Sequences of
Bcl2 primer were used: forward primer, 5 ′-AAAA
TACAACATCACAGAGGAAGTAGACTG-3′, reverse
primer, 5′-TCAATCACGCGGAACACTTG-3′, Sequences
of caspase-3 primer were used: forward primer, 5′-AAAA
GCACTGGAATGACATCTCG-3′, reverse primer, 5′-
GAAACATCACGCATCAATTCCAC-3′, Sequences of
caspase-8 primer were used: forward primer, 5′-ACTG
GATGATGACATGAACCTGC-3′, reverse primer, 5′-CCTC
CCCTTTGCTGAATTCTTC-3′ and sequences of GAPDH
p r ime r we r e u s e d : f o rwa r d p r ime r , 5 ′ - TCGC
CAGCCGAGCCA-3 ′ , r eve r se p r imer, 5 ′ -CCTT
GACGGTGCCATGGAAT-3′. PCR was carried out in an
7300 real-time PCR System (Applied Biosystems, Carlsbad,
CA, USA) based on specific cytokine primers and general
SYBR green fluorescence detection for 10 min at 94 °C
followed by 45 cycles of 15 s at 95 °C, 30 s at 60 °C, and
30 s at 72 °C. Total RNAwas isolated from glioma spheroids
and treated cells by using the RNeasy Mini Kit (Qiagen,
Valencia, CA, USA) and was reverse transcribed to cDNA
by using the ExScript RT Reagent Kit (Takara Bio Inc.,
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Otsu, Japan), according to the manufacturers’ protocols. All
PCR reactions were performed via the LightCycler System
(Roche Diagnostics, Basel, Switzerland) with SYBR Premix
DimerEraser (Takara Bio Inc.).

Statistical Analysis

Data was presented as means ± standard deviation (SD), one-
way analysis of variance (ANOVA) was used to analyze dif-
ferences between the treatments and control groups and a p
value <0.05 was considered significant.

Results

Atorvastatin Suppresses the Growth of U87 Cells

After seeding, U87 cells were adherent within 3–5 h. In the 2D
monolayer system, U87 cells formed 70–80% confluent cell
after 2–3 days after plating in 25-cm2 tissue flasks (Fig. 1a),
also gloma spheroids in fibrin gel were observed by using an
inverted light microscope (Nikon Eclipse TE2000-S,
Germany) (Fig. 1b, c).

The effects of atorvastatin on cell growth were measured
by cell proliferation assay in glioma spheroids; we performed
dose-response studies in glioma spheroid form of U87 encap-
sulated in fibrin gel and the spheroids were treated with in-
creasing concentrations of atorvastatin (1, 5, and 10 μM) for
48 h. Atorvastatin markedly inhibited proliferation of glio-
blastoma cells in a dose-dependent manner. As shown in
Fig. 2a, atorvastatin significantly inhibited glioma spheroids
proliferation in a dose-dependent manner (1, 5, and 10 μM)
after 48 h of treatment (proliferation assay) proliferation was
greatly reduced for glioma spheroids exposed to 10 μM con-
centration (Fig. 2). We found that atorvastatin obviously re-
duced spheroid size and pseudopodia following 48 h incuba-
tion. These results indicated the potential proliferation reduc-
ing effect of atorvastatin in glioblastoma for further analysis.

Atorvastatin Induces Cell Death in Human Glioma
Spheroids

Previous studies have reported that statins can trigger a subset
of tumor cells to undergo apoptosis [17]. Apoptosis in glio-
blastoma was detected by in situ end-labeling of nuclear DNA
fragments (TUNEL) staining. To determine the apoptotic ef-
fect of atorvastatin, spheroids of glioblastoma cells in fibrin
gel were treated with 1, 5, and 10 μM of atorvastatin for 72 h.
TUNEL assay analysis of treated glioma spheroids confirmed
the increased apoptosis in the treated group, especially at
10 μM of atorvastatin than in the other treated groups
(Fig. 3a, b). The viability of glioma spheroids was measured
by MTT assay in increasing doses of atorvastatin (1, 5, and

10 μM) after 48 h. We found that atorvastatin significantly
reduced the viability of U87 cells in a dose-dependent manner
(Fig. 3c).

Effect of Atorvastatin on the Cell Cycle

A recent study analyzed the effects of atorvastatin on cell
cycle on encapsulated glioma spheroids in fibrin gel. It was
evaluated whether the marked inhibition of proliferation was
due to an increase in cellular apoptosis or to a possible inter-
ference in the cell cycle in response to atorvastatin. For this
purpose, glioma spheroids were treated with atorvastatin (1, 5,
and 10 μM) for 48 h and then analyzed for cell cycle stage by
flow cytometry. Different concentrations of atorvastatin (1, 5,
and 10 μM) were able to interfere the cell cycle progression,
arresting cells in the G0/G1 phase (Fig. 4), while leading to a
significant decrease in the percentage of cells in G2/M phases.
With regard to the group treated with atorvastatin, there was
an increase in the percentage of apoptosis compared to the
untreated group with atorvastatin (Fig. 4). The results show
that atorvastatin significantly reduced proliferation at 48 h in a
dose-dependent manner. Optimal concentration for atorvastat-
in was 10 μM.

Atorvastatin Leads to Expression of Related Apoptotic
Genes in Glioma Spheroids

To understand the molecular mechanism by which atorvastat-
in regulates apoptosis, we examined the expression of apopto-
tic factors such as caspase-3 and caspase-8 and anti-apoptotic
protein expression like Bcl-2 on glioma spheroids that were
affected by atorvastatin. Real-time PCR analysis showed that
the expression of caspase-3 and caspase-8 at the mRNA level
were obviously higher in the treated groups with 10 μM than
the levels in the other treated groups and the expression of
Bcl-2 in the treated groups with 10 μM was lower than that
in the other groups (Fig. 5). These results suggested that
atorvastatin-induced cell apoptosis by downregulating the ex-
pression of Bcl-2 and upregulating the expression of caspase-
3 and caspase-8.

Effect of Atorvastatin on TRAF3IP2 Expression
a Regulatory or Proinflammatory Factor

Previously, studies showed TRAF3IP2, as an upstream regu-
lator of the NF-κB and AP-1 pathways, encodes a protein
involved in regulation of responses to cytokines by members
of the Rel/NF-kappaB transcription factor family. These fac-
tors play a central role in innate immunity in response to
pathogens, inflammatory signals, and stress. To analyze in
detail the reduction of inflammation in giloma spheroids after
treatment with atorvastatin, we assessed TRAF3IP2 mRNA
expression by real-time PCR. Our results indicated that
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atorvastatin significantly reduced TRAF3IP2 after 48 h in a
dose-dependent manner. Optimal concentration for atorvastat-
in was 10 μM. To study the possible inhibitory effect of ator-
vastatin, we cultured glioma spheroid cells that encapsulated
in fibrin gel with different concentrations of atorvastatin for
48 h (Fig. 5). The inflammatory gene of treated glioma spher-
oids was lower than untreated glioma spheroids. Of note,
treatment with atorvastatin inhibited the inflammatory re-
sponse, and 10 μM was more effective than other concentra-
tions. This result showed that atorvastatin is efficient to down-
regulate Nf-κB signaling of U87 cells in 3D modeling of
glioblastoma.

Atorvastatin Decreases the Expression of IL-17RA
in Glioma Spheroids

IL-17A exerts its protumorigenic activity through its type A
receptor (IL-17RA). IL-17RA engagement activates NF-κB
signaling and promotes the proliferation of tumorigenic [26].
To investigate whether atorvastatin modulate IL-17RA in glio-
blastoma, the human glioma spheroids cells in a three-
dimensional model in fibrin gel were used as a model and were
stimulated with 1-, 5-, and 10-μM doses of atorvastatin for
48 h. To analyze in detail the reduction of IL-17RA in glioblas-
toma after treatment, we assessed IL-17RA mRNA expression
by qRT-PCR. As shown in Fig. 5, the qRT-PCR assay revealed
that 48-h stimulationwith different concentrations of atorvastat-
in make a significant decrease in IL-17RA mRNA expression,
whereas the strongest inhibition of IL-17RAwas achieved with
atorvastatin in 10 μM concentration (Fig. 5).

Discussion

Statin drugs were used for hypercholesterolaemia but recently
many studies show that they have more potential for cancer
treatments [26]. Recent findings in some cancers such as os-
teosarcoma and non-small-cell-lung carcinomas (NSCLCs)

Fig. 2 Atorvastatin inhibited proliferation. a Dose-dependent effect of
atorvastatin on proliferation of glioma spheroids. Encapsulated glioma
spheroids in fibrin were treated with 1, 5, and 10 μM concentrations of
atorvastatin over a period of 48 h. At the indicated time point, spheroids
were observed with inverted microscope. b The proliferation rate was
inhibited by all concentrations, especially at 10 μM. Presenting data are
mean ± SD of three identical experiments made in three replicates.
(*p < 0.05; **p < 0.01; ***p < 0.001)
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Fig. 4 Effect of atorvastatin on the cell cycle. Glioma spheroids were treated
with atorvastatin (1, 5, and 10 μM) for 48 h and then analyzed for cell cycle
stage by flow cytometry. The results show that atorvastatin significantly
reduced proliferation at 48 h in a dose-dependent manner. Optimal

concentration for atorvastatin was 10μM.Values are themeans ± SEM from
three independent determinations. Significance compared with control,
***p < 0.001

Fig. 3 Atorvastatin induced apoptosis. a Apoptotic index. The TUNEL
technique revealed the specific apoptosis-induced DNA strand breaks and
provided the percentages of positive cells. Cells were treated with
different concentrations of atorvastatin for 48 h. Apoptotic nuclei and
fragmented DNA appeared dark brown after staining. b Results are
expressed as mean ± SEM (n = 3). ***p < 0.001 compared with

control, error bars indicate SE. c Effect of atorvastatin on glioma
spheroids viability. Glioma spheroids were treated with 1, 5, and 10 μM
concentrations of atorvastatin for 48 h. The cell viabilities were determined
by MTT assay. MTT assay showed that 10 μM atorvastatin inhibited pro-
liferation more than other concentrations. Experiments were performed
three times in triplicate. Data are presented as mean ± SD, scale bar:100µm
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have shown that atorvastatin has anti-tumor effects [27–30].
Effective anti-glioblastoma therapy should prevent prolifera-
tion and inhibit tumor cell growth of cancer cells [31]. In short,
atorvastatin is a potential chemopreventive agent for glioblas-
toma that can induce U87 glioblastoma cell apoptosis and
inhibit inflammation, but the molecular mechanisms through
which atorvastatin affects glioblastoma cells remain unclear.
To survey the mechanisms of apoptosis and anti-inflammatory
effects of atorvastatin in U87 glioblastoma cells, we investi-
gated the influence of atorvastatin on the crucial proteins as-
sociated with apoptosis and inflammation. Three-dimensional
systems have the ability to mimic tumor-like microenviron-
ment and this suggests the potential of engineered tumor
models for drug testing [32]. The present study developed a
simple in vitro cell model that can also be applied to evaluate
the effect of atorvastatin on the glioma cell line. Recent studies
have shown that inhibitors of HMG-CoA reductase decrease
cell migration and invasiveness in several cancers including
glioma [33–36]. The anti-tumor effects may include cytotox-
icity [29], induction of apoptosis [37], and inhibitory effects
onMMPs [36, 38]. Lastly, there has been considerable interest
to develop novel pharmacologic inhibitors of NF-κB and
STAT3 for glioma treatment [39, 40]. Our data showed that
numbers of TUNEL positive cells are significantly increased
in atorvastatin groups. The present study demonstrates the
apoptotic potency and anti-inflammatory effect of atorvastat-
in. We found that atorvastatin induced apoptosis of U87 cells
in an increasing trend, but with treatment of atorvastatin, the
percentage of total apoptosis increased more significantly
compared with that of the untreated group (p > 0.001). In
addition, certain studies have previously noticed that atorva-
statin induced cell apoptosis in different cancer cell lines [17],
which is consistent with the results of our study. According to
the results of the present study, atorvastatin downregulated the
expression of Bcl-2 and upregulated the expression of
caspase-3 and the caspase-8, which indicated that these pro-
teins are involved in the atorvastatin-triggered apoptosis in

U87cells. Caspases are key factors in the execution of apopto-
sis [41]. In this study, atorvastatin significantly increased
caspase-3 mRNA expression observed 48 h after exposure.
It should be mentioned that the inhibitory effects of atorvastat-
in were not the result of decreased cell viability, atorvastatin at
the 1, 5, and 10 μM concentrations used in the 3D model of
glioblastoma. By contrast, the proinflammatory gene expres-
sion rates were identified to be significantly different com-
pared with those of the control group (p < 0.05). IL-17RA is
expressed in most tissues examined to activate many of the
same signaling cascades as innate cytokines such as TNFα
and IL-1β [42]. Furthermore, emerging knowledge regarding
IL-17A/IL-17RA signaling in numerous tissues suggests an
important role in health and disease beyond the immune sys-
tem [42]. Given this importance of IL-17RA signaling, the
understanding of IL17RA signaling roles in the CNS is of
particular interest. It has observed significant constitutive ex-
pression of the IL-17RA mRNA in both astrocytes and mi-
croglia in purified cultures, free of peripheral immune cells
[19]. It has demonstrated the infiltration/enhancement of IL-
17-producing cells in malignant gliomas [43, 44] and IL-17
has been linked to cancer progression in many tumor types
[45]. Overall, the role of IL-17 in glioma progression remains
uncertain and the precise underlying mechanisms remain
largely unknown. Results from the analysis of tumor tissues
from patients with malignant gliomas have demonstrated pref-
erential expression of IL-17R in glioma cells [44]. Results
demonstrate that IL-17R in glioma stem cells is functional
and it can play an important role in the maintenance of glioma
stem cells by inducing their proliferation or self-renewal. This
increasing evidence suggests that IL-17A and Th17 play a
main role in autoimmune inflammation, but there are gaps in
our understanding of IL-17RA signaling mechanisms [46]. In
the current study, results have demonstrated a potential impact
of IL-17R in glioma growth and progression. Data showed
that atorvastatin downregulates IL-17RA expression in glio-
blastoma cells especially at 10 μM concentration. Further

Fig. 5 Real-time PCR analysis of the mRNA levels of the proapoptotic
genes (caspase-3 and capase-8), anti-apoptotic gen Bcl-2, and
proinflammatory gens (IL-17RA and TRAF3IP2) in encapsulated glioma
spheroid cells in fibrin gel that treated with atorvastatin in the

different concentrations. Presenting data are mean ± SD of three
identical experiments made in three replicates followed by
normalization with GAPDH protein amount. (a p < 0.05; b p < 0.01; c
p < 0.001)
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studies are needed to confirm the same. Further studies are
warranted to examine whether any of the mechanisms are
associated with IL-17R-mediated stimulation of glioblastoma
cell renewal [44, 47]. Scientists identify the adaptor Act1 as a
key connection between IL-17 receptor (IL-17R) ligation by
IL-17 and Bdownstream^ signaling [48]. TRAF3IP2 is an up-
stream regulator of IKK and JNK [49, 50]. In fact, TRAF3IP2
has been shown to physically associate with IKK [51]. It has
reported that the activation of NF-κB via IKK and AP-1 via
JNK, by oxLDL, is inhibited by the knockdown of
TRAF3IP2. Studies indicate that targeting TRAF3IP2 can po-
tentially inhibit progression of atherosclerotic vascular dis-
eases [51]. It may provide an opportunity for further studies
into targeting IL-17R itself for therapeutic attenuation of
glioblastom cells population, and more studies into the mech-
anism of IL-17R_TRAF3IP2 interaction may show other mo-
lecular targets in downstream of IL-17R pathway. Previous
studies have shown that silencing TRAF3IP2 by siRNA de-
creased cardiac fibroblast migration and led to cardiomyocyte
death in vitro [49].We showed that the glioma model could be
used in cancer stem cell research. From the results obtained,
we can observe some interesting effects caused by atorvastatin
on glioma cells by providing some information on the molec-
ular mechanisms of atorvastatin inhibitory effects. In this
study, we found that atorvastatin reduced glioma cell inflam-
mation by suppressing the protumorigenic effects on glioma
cells at 1, 5, and 10 μM concentrations. Therefore, identifying
therapeutic targets in upstream of cytokine secretion factors,
especially at the receptor level, seems an efficient clinical
therapy against malignant gliomas. The results corroborated
with the proliferation and apoptosis data and confirmed that
TRAF3IP2 enhance glioblastoma progression. Some studies
in this field can provide valuable insight into alternative mech-
anisms that IL-17R interaction could promote glioma progres-
sion. It has been demonstrated Act1 by SEFIR domains binds
to IL-17RA and IL-17RC [52]. The studies demonstrated that
IL-17R–Act1-mediated signaling is required for local IL-17-
dependent production of proinflammatory cytokines by astro-
cytes and epithelial cells during inflammation in the central
nervous system and intestine, respectively [48, 52]. The re-
sults of this study indicated the usefulness of atorvastatin in
efficient control of glioma, but future studies should investi-
gate the effects of atorvastatin in glioma in vitro and in vivo.

Conclusion

In conclusion, our studies demonstrate that atorvastatin has
potent apoptosis and inflammation-inhibiting effects against
U87 glioblastoma cells. In the present study, the expression of
IL-17RA and TRAF3IP2 in glioblastoma cells were reduced
in the 3D model of glioblastoma, possibly suggesting that
reduced inflammatory activation in these cells might have

resulted in reduced cytokine and these effects are dose depen-
dent. Themost likely mechanisms are the inhibition of inflam-
mation by IL-17RA interaction with TRAF3IP2 and NFKB
signaling pathway. This study proposes that atorvastatin may
be a suitable candidate for glioblastoma treatment [52].
However, the results of this study indicated the usefulness of
atorvastatin in efficient control of glioma, but to the best of our
knowledge, numerous mechanisms are involved in anti-
inflammatory effect and apoptosis induction of atorvastatin
that further research in vitro and in vivo is required to eluci-
date these.
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