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miR-204 reverses temozolomide resistance and inhibits cancer
initiating cells phenotypes by degrading FAP-a in glioblastoma
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Abstract. Malignant gliomas are treated with temozolomide
(TMZ) at present, but often exhibit resistance to this agent.
Cancer-initiating cells (CICs) have been suggested to lead to
TMZ resistance. The mechanisms underlying CICs-based TMZ
resistance are not fully understood. MicroRNAs (miRNAs) have
been demonstrated to serve important roles in tumorigenesis and
TMZ resistance. In the present study, a sphere forming assay and
western blot analysis were performed to detect the formation of
CICs and fibroblast activation protein o (FAP-a) protein expres-
sion. It was revealed that TMZ resistance promoted the formation
of CICs and upregulated FAP-a expression in glioblastoma cells.
Over-expressing FAP-a was also demonstrated to promote TMZ
resistance and induce the formation of CICs in U251MG cells. In
addition, using a reverse transcription-quantitative polymerase
chain reaction, it was observed that miR-204 was downregulated
in U251MG-resistant (-R) cells. miR-204 expression negatively
correlated with the FAP-a levels in human glioblastoma tissues,
and it may inhibit the formation of CICs and reverse TMZ
resistance in U251MG-R cells. Therefore, it was concluded that
miR-204 reversed temozolomide resistance and inhibited CICs
phenotypes by degrading FAP-a in glioblastoma.

Introduction

Glioblastoma is the most frequently occurring primary malig-
nant brain tumor in adults and exhibits a spectrum of aberrantly
aggressive phenotypes in the USA (1,2). The median survival
time is generally <1 year from the time of diagnosis, and even
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in the most favorable situations, the majority of patients succumb
within 2 years (3-5). At present, treatment options include
surgery, radiation and chemotherapy with methylating agents
and nitrosoureas (6). Unfortunately, the treatment options often
do not result in a cure, subsequently leading to tumor progression
and mortality of the patient. One of the reasons for failure of
treatment is due to de novo or acquired resistance to chemothera-
peutic agents. However, the molecular mechanisms underlying
chemotherapy resistance of glioblastoma cells remain unknown.

Fibroblast activation protein oo (FAP-a) is a member of the
serine integral membrane peptidases (SIMPs) family, which
also includes prolyl endopeptidase, dipeptidyl peptidase IV
and dipeptidyl peptidase IIX. These peptidases are inducible,
specific for proline-containing peptides and are active on the
cell surface (7-9). FAP-a is significantly associated with poor
outcome in patients with breast cancer (10). In vitro, it may
promote proliferation and inhibit migration of breast cancer cells,
potentially by regulating the focal adhesion kinase pathway, and
its overexpression is associated with neoplastic progression of
esophageal lesions (10). FAP-a is highly expressed on the surface
of glioma cells and contributes to diffuse glioma invasion through
extracellular matrix components (11). However, to the best of our
knowledge, its role has not been studied in cancer-initiating cells
(CICs) or chemotherapy resistance of glioblastoma.

MicroRNAs (miRNAs/miRs) are a class of small noncoding
RNAs (~22 nucleotides) and negatively regulate protein-coding
gene expression by targeting mRNA degradation or translation
inhibition (12-14). Deregulation of miRNAs has been implicated
in the development and progression of glioblastoma, and they
serve pivotal roles in development, particularly in modulating
stem cell-specific pathways (15-17). Previously, it was demon-
strated that miR-204 may be a useful drug target in the treatment
and diagnosis of glioblastoma multiforme (GBM) (9,18-20). In
the present study, it was identified that miR-204 may reverse
temozolomide resistance and inhibit CICs phenotypes by
degrading FAP-a in glioblastoma.

Materials and methods

Patients. Between November 2013 and October 2015,
18 patients (10 male, 8 female) with glioblastoma were enrolled
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at the Department of Neurosurgery, Beijing Chaoyang Hospital.
The mean age was 57 years (range, 35-78 years). All tissues
were examined histologically, and pathologists confirmed
the diagnosis. The present study was approved by the ethics
committee of Beijing Chaoyang Hospital, and each patient
signed an informed consent form at the time of enrollment.

Human glioblastoma cell line. U251MG cells were purchased
from the Institute of Biochemistry and Cell Biology Institute
of Shanghai, Chinese Academy of Sciences (Shanghai, China)
within 3 months of experiments. To obtain temozolomide
(TMZ)-resistant U251MG cells (U251IMG-R cells), U251MG
cells were treated with increasing concentrations of TMZ
(107, 10°% and 10 M). The U251MG-R cells were considered
to be established when colonies grew at similar rate in the pres-
ence or absence of 10° M TMZ for 3 days (data not shown). The
half maximal inhibitory concentration (ICs,) of U251MG-R
cells increased by 12-fold, as compared with the U251MG cells
(data not shown). Cells were cultured in normal culture medium
which was composed of Dulbecco modified Eagle medium
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (Gibco; Thermo Fisher
Scientific, Inc.) and antibiotics (100 mg/ml penicillin; 100 U/ml
streptomycin) in a 5% CO, incubator at 37°C.

FAP-a expressing plasmid/empty vector, pre-miR-204/control
miR and transfection experiments. FAP-a expressing plasmids
and empty vectors were donated by Dr. Chao Wang (Cardiff
University-Peking University Cancer Institute, Cardiff
University School of Medicine, Cardiff, Wales, UK) and
produced as described previously (10). Pre-miR-204 (sequence:
5'-UUCCCUUUGUCAUCCUAUGCCU-3")/control miR
(sequence: 5'-UACCGUAUCUCUUCGUAAGCGU-3") were
purchased from Ambion (Ambion; Thermo Fisher Scientific,
Inc.). For transfection experiments, U251MG-R cells were
cultured in serum-free medium (DMEM) without antibiotics
at 60% confluence for 24 h in a 5% CO, incubator at 37°C, and
then transfected with 50 nM pre-miR-204 or 50 nM control
miR using a transfection reagent (Lipofectamine 2000; Thermo
Fisher Scientific, Inc.) at room temperature according to the
manufacturer's protocol. Following incubation for 6 h at 37°C,
the medium was removed and replaced with normal culture
medium for 48 h, unless otherwise specified. Subsequent
experiments were performed 48 h after transfection.

Western blotting. U251MG and U251MG-R cells and glioblas-
toma tissues were washed once with PBS and lysed using a
radioimmunoprecipitation assay lysis buffer (Beyotime Institute
of Biotechnology, Haimen, China) supplemented with phenyl-
methanesulfonyl fluoride (Beyotime Institute of Biotechnology)
for 30 min at 0°C. Protein samples were measured using Bradford
Protein Assay kit (Beyotime Institute of Biotechnology) for
10 min at room temperature and boiled for 10 min in SDS sample
buffer (Beyotime Institute of Biotechnology). Then protein
extracts (10 ug per lane) were resolved through 8% SDS-PAGE,
transferred to polyvinylidene difluoride membranes (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) and blocked for 60 min
at room temperature in 5% skim milk powder (w/v) in NaCl/P;
at room temperature. Afterwards, the blots were incubated with
antibodies including rabbit anti-FAP-a (cat no. ab173904; 1:500;
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Abcam, Cambridge, MA, USA), rabbit anti-signal transducer
and activator of transcription 3 (STAT?3; cat no. ab68153; 1:500;
Abcam), rabbit anti-mouse double minute 2 homolog (MDM?2;
cat no. ab38618; 1:500; Abcam), rabbit anti-prominin-1 (CD133;
cat no. ab19898; 1:500; Abcam), rabbit anti-tyrosine-protein
kinase met (MET; cat no. ab51067; 1:500; Abcam), rabbit
anti-ras-related protein rab-22A (RAB22A; cat no. ab137093;
1:500; Abcam), rabbit anti-EZRIN (cat no. ab4069; 1:500;
Abcam), rabbit anti-SRY-box 4 (SOX4; cat no. ab80261;
1:500; Abcam), rabbit anti-activating transcription factor 2
(ATF2; cat no. ab47476; 1:500; Abcam), rabbit anti-erythro-
poietin-producing human hepatocellular receptors (EphB; cat
no. ab196793; 1:500; Abcam) or B-actin (cat no. ab5694; 1:500;
Abcam) at 4°C, and then with IRDye™-800 conjugated goat
anti-rabbit secondary antibody (cat no. ab191866; 1:10,000;
Abcam) were used for 30 min at room temperature. The specific
proteins were visualized by Odyssey™ Infrared Imaging
system using Odyssey Image Studio Software (Version 2009;
Gene Company, Ltd., Hong Kong, China).

MTT assay. To monitor resistance to TMZ, U251MG and
U251MG-R cells were treated with 10 uM TMZ for 24 h.
An MTT assay was performed as described previously (19).
Data were analyzed with Origin 7.5 software (OriginLab,
Northampton, MA, USA) to fit a sigmoidal curve. ICy, is the
TMZ concentration that reduces proliferating cells by 50%.

Sphere formation assay. U251MG and U251MG-R cells
(10°/ml) in serum-free RPMI-1640/1 mM Na-pyruvate
(Hyclone; GE Healthcare Life Sciences, Logan, UT, USA)
were seeded on 0.5% agar pre-coated 6-well plates. After
10 days, half the medium was exchanged every third day.
Single spheres were selected and measured using a phase
contrast microscope (magnification, x100) with scales (Eclipse
TS-100; Nikon Corporation, Tokyo, Japan).

Immunofluorescence staining. This protocol was performed as
described previously (9). Following transfection, the U251 MG-R
cells were fixed in 4% paraformaldehyde for 15 min at room
temperature, and then blocked with goat serum blocking solution
(Tiangen Biotech Co., Ltd., Beijing, China) for 20 min at room
temperature. Then, a rabbit anti-FAP-a antibody (1:200 dilution;
Abcam) was added, and the mixtures were incubated in a humid
chamber overnight in a 5% CO, incubator at 37°C. Subsequent
to washing 3 times with NaCl/Pi, cells were incubated with goat
anti-rabbit secondary antibody (conjugated with Alexa Fluor®
488; cat no. ab150077; 1:10,000; Abcam) for 30 min at 37°C.
Following washing with NaCl/Pi, the samples were observed
under a laser scanning confocal microscope (magnification,
x100; Olympus Corporation, Tokyo, Japan). The cells nuclei
were stained with DAPI (1 pg/ml) for 20 min at 37°C.

Bioinformatics. The analysis of potential microRNA target
sites was performed using the prediction algorithm miRanda
(http://www.microrna.org/). Target mRNA Search was used
(date of access: 2010-11-01) using the following search terms:
Target mRNA=FAP (FAP-a) and species=Homo sapiens.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). RT-qPCR was performed to determine the
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expression of miR-204 and FAP-a. Total RNA was extracted
from glioblastoma tissues and U251 MG-R cells using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. Total RNA (500 ng) was quantitated
at 260 nm and reverse-transcribed into cDNA using the
PrimeScript RT reagent kit (Takara Biotechnology, Co., Ltd.,
Dalian, China) according to the manufacturer's protocol, at
37°C for 15 min and 85°C for 30 sec. gPCR was performed
using the SYBR Premix Ex Taq™ kit (Takara Biotechnology,
Co., Ltd.) according to the manufacturer's protocol in the ABI
PRISM 7900HT system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The thermocycling conditions were as follows:
50°C for 2 min, 95°C for 10 min followed by 40 cycles with each
cycle consisting of 30 sec at 95°C, and 1 min at 60°C. Cycle
threshold (Cq) values were determined using SDS version 2.4
software (Applied Biosystems; Thermo Fisher Scientific, Inc.).
FAP-a expression levels were normalized to GAPDH expres-
sion using the 2"42% method (21). The primer sequences were as
follows: FAP-a forward, 5“-TTAGTCTGACAAAGAGAAACA
CTG-3' and reverse, 5-ATGAAGACTTGGGTAAAAATC
G-3'; GAPDH forward, 5-CGAAGTCAACGGATTTGGTCG
TAT-3' and reverse 5~ AGCCTTCTCGGTGGTGAAGAC-3..

FormiR-204 detection, 1 g total RNA extracted from clinical
samples was converted to cDNA using the TagMan MicroRNA
Reverse Transcription kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol. The
resulting cDNA was diluted at a ratio of 1:40 and mixed with
1 ul miR-204 or U6 TagMan primers in triplicate wells using
TagMan Universal Master Mix II without Uracil DNA glyco-
sylase (Applied Biosystems; Thermo Fisher Scientific, Inc.). The
primer sequences were as follows: miR-204 forward, 5'-CTG
TCACTCGAGCTGCTGGAATG-3' and reverse, 5-ACCGTG
TCGTGGAGTCGGCAATT-3"; U6 forward, 5-GCTTCGGCA
GCACATATACTAAAAT-3, reverse 5-CGCTTCACGAAT
TTGCGTGTCAT-3". The thermocycling conditions were as
follows: Denaturation at 95°C for 30 sec, followed by 40 cycles
at 95°C for 5 sec and 60°C for 30 sec, and extension at 95°C for
15 sec. The plates were read using the ABI PRISM 7900HT
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). Cq
values were calculated using SDS version 2.4 software (Applied
Biosystems; Thermo Fisher Scientifc, Inc.). miR-204 expression
level was normalized to that of U6 using the 224°4 method (21).
The TagMan probes for miR-204 and U6 were purchased from
Applied Biosystems (Thermo Fisher Scientific, Inc.). The assay
was performed in triplicate.

Statistical analysis. Statistical analysis was performed using
SAS statistical software (version 9.4; SAS Institute, Cary,
NC). Data are presented as the mean =+ the standard error of
the mean. Student's t test (two-tailed) was used to compare
between two groups. The correlation between the expression
levels of miR-204 and FAP-a were analyzed using Spearman
correlation analysis (22). P<0.05 was considered to indicate a
statistically significant difference.

Results
TMZ resistance promotes formation of CICs and upregulates

FAP-a expression in glioblastoma. To identify U251MG-R
cells that were resistant to TMZ, an MTT assay using TMZ
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was performed using the U251MG and U251MG-R cells. The
results indicated that the U251IMG-R cells were resistant to
TMZ (Fig. 1A). In order to identify whether TMZ resistance
affected CICs traits in U251MG-R cells, sphere forming
assays were performed to assess the capacity of CIC or
CIC-like cell self-renewal in U251MG, and U251MG-R cells.
The sphere forming assay indicated that U251MG-R cells
formed larger spheres after 14 days of culture compared with
U251MG cells (Fig. 1B). STAT3 and MDM2 may promote
TMZ-resistance (22-24). CD133 and MET is essential for
glioblastoma stem cell maintenance (25,26). Western blotting
identified that STAT3, MDM?2, CDI133 and MET were mark-
edly upregulated in U251MG-R cells compared with U251MG
cells (Fig. 1C). In order to detect whether TMZ-resistance
is associated with FAP-a protein expression, FAP-a protein
expression was analyzed in U251MG and U251MG-R cells.
The results demonstrated that the level of FAP-a protein was
markedly upregulated in U251MG-R cells (Fig. 1D).

FAP-a promotes TMZ resistance and induces formation of
CICs in U25IMG cells. To identify the role of FAP-a, whether
FAP-a expressing plasmids were able to stably express FAP-a
protein in U251MG cells was tested. The results indicated
that the levels of FAP-a protein were markedly increased
by FAP-a-expressing plasmids in the cells (Fig. 2A). To
additionally identify whether FAP-a affected TMZ effi-
cacy in glioblastoma cells, U251MG cells were transfected
with FAP-a-expressing plasmids. Then an MTT assay was
performed in the cells transfected with FAP-a expressing
plasmids. The results indicated that overexpressing FAP-a
transformed U251MG cells into U251MG-R cells (Fig. 2B),
suggesting that its overexpression promotes TMZ resistance.
In order to identify if FAP-a affected the CIC traits of
U251MG cells, a sphere forming assay was performed to assess
the capacity of CIC or CIC-like cell self-renewal in U251MG
cells. The sphere forming assay demonstrated that FAP-a
overexpressing cells formed larger spheres after 14 days of
culture, thus expressing more CIC-like traits compared with
the mock group (Fig. 2C). To identify whether FAP-a affects
STAT3,MDM2, CDI133 and MET protein expression, western
blotting was performed to detect their expression in U251MG
cells transfected with FAP-a expressing plasmids. All four
protein levels were markedly increased following FAP-a over-
expression compared with the mock control group (Fig. 2D).

miR-204 inhibits FAP-a protein expression in U25IMG-R
cells. Having demonstrated that FAP-a expression was
specifically upregulated in U251MG-R cells and promoted
the formation of CICs in U251MG cells, the mechanisms
that induced FAP-a expression in U251MG-R cells were then
investigated. miRNAs are a class of small (~22 nucleotide)
noncoding RNAs that negatively regulate protein-coding
gene expression by targeted mRNA degradation or transla-
tion inhibition (23). The downregulation of specific miRNA
may contribute to the upregulation of oncogenes and TMZ
resistance (24,25). Therefore, the present study hypothesized
whether FAP-a was upregulated by the downregulation of
specific miRNA in U251MG-R cells.

To confirm this hypothesis, a commonly used prediction
algorithm, miRanda (http://www.microrna.org/), was used to
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Figure 1. TMZ resistance promotes the formation of cancer-initiating cells
and upregulates FAP-a expression in glioblastoma (n=3). (A) MTT for cell
viability in U251MG and U251MG-R cells. Cells were untreated or treated
with TMZ. (B) Sphere growth for U251MG and U251MG-R cells. Scale
bar, 200 ym. (C) Western blotting for STAT3, MDM?2, CD133 and MET in
U251IMG and U251MG-R cells. 3-actin was the loading control. (D) Western
blotting for FAP-o in U251MG and U251MG-R cells. -actin was the loading
control. R, resistant; TMZ, temozolomide; FAP-a, Fibroblast activation
protein a; STAT3, Signal transducer and activator of transcription 3; MDM2,
Mouse double minute 2 homolog; CD133, Prominin-1; MET, Tyrosine-protein
kinase Met.

analyze the 3' untranslated region (UTR) of FAP-a. The algo-
rithm predicted that miR-204 targeted the 3'UTR of FAP-a
(Fig. 3A).

Therefore, it was reasoned that miR-204 downregulated
FAP-a expression by targeting its 3'UTR in U251MG-R
cells, and that FAP-a was increased in U251MG-R cells
due to the downregulation of miR-204 (26). In an attempt
to identify the role of miR-204 in regulating FAP-a
expression in U251MG-R cells, cells were transfected
with pre-miR-204 and control miR. Following transfec-
tion, miR-204 expression was detected by qPCR and the
results demonstrated that miR-204 was markedly increased
following pre-miR-204 transfection in the cells (Fig. 3B). To
confirm this observation, immunofluorescence analyses were
performed in U251MG-R cells transfected with pre-miR-204
or control miR. The results indicated that FAP-a protein
was suppressed in the cells transfected with pre-miR-204
(Fig. 3C). RT-PCR and western blotting was next performed
to detect FAP-a expression in U251MG-R cells transfected
with pre-miR-204 or control miR. The results demonstrated
that FAP-a protein and mRNA were markedly downregu-
lated in the cells transfected with pre-miR-204 (Fig. 3D).
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Figure 2. FAP-a promotes TMZ resistance and induces the formation of
cancer-initiating cells in U251MG cells (n=3). (A) Western blotting for FAP-a
in U251MG cells transfected with FAP-o expressing plasmids. $-actin was
the loading control. (B) MTT for cell viability in U251MG cells. U251MG
cells transfected with FAP-a expressing plasmids and empty vectors (mock)
were untreated or treated with TMZ. (C) Sphere growth for U251MG cells
transfected with FAP-a expressing plasmids and empty vectors (mock).
Scale bar, 200 ym. (D) Western blotting for STAT3, MDM?2, CD133 and
MET in U251MG cells transfected with FAP-a expressing plasmids and
empty vectors (mock). 3-actin was the loading control. TMZ, temozolomide;
FAP-a, Fibroblast activation protein a; STAT3, Signal transducer and acti-
vator of transcription 3; MDM2, Mouse double minute 2 homolog; CD133,
Prominin-1; MET, Tyrosine-protein kinase Met.

Consistent with the results of the RT-PCR, the qPCR data
demonstrated that FAP-a mRNA was significantly reduced
in U251MG-R cells transfected with pre-miR-204 compared
with control miR-transfected group (Fig. 3E). All the data
demonstrated that miR-204 may suppress FAP-o mRNA and
protein expression in U251MG-R cells.

miR-204 inhibits the formation of CICs and reverses TMZ
resistance in U251MG-R cells. In order to detect whether TMZ
resistance is associated with miR-204 expression, miR-204
expression was analyzed in U251MG and U251MG-R cells.
The results suggested that miR-204 expression was markedly
downregulated in U251MG-R cells (Fig. 4A). To identify the
role of miR-204 in CIC formation, the ability of pre-miR-204
to stably express miR-204 in U251IMG-R cells was examined.
The results indicated that the levels of miR-204 were increased
by pre-miR-204 in the cells (Fig. 4B). To additionally identify
whether miR-204 affected the formation of CICs in U251MG-R
cells, U251MG-R cells were transfected with pre-miR-204
and then a sphere formation assay was performed. The results
demonstrated that miR-204 inhibited the formation of CICs in
U251MG-R cells (Fig. 4C). To additionally identify whether
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miR-204 was able to affect TMZ efficacy in U251MG-R cells,
U251MG-R cells were transfected with pre-miR-204. Then, an
MTT assay in U251MG-R cells transfected with pre-miR-204
was performed. The results demonstrated that miR-204 was

able to transform U251MG-R to U25IMG cells (Fig. 4D),
suggesting that miR-204 restoration reversed TMZ resistance.
To identify whether miR-137 affected STAT3, MDM2, CD133
and MET expression, western blotting was performed to detect
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their expression in Huh7-R cells. The results suggested that
STAT3, MDM2, CD133 and MET expression levels were
attenuated by miR-204 (Fig. 4E).

miR-204 expression is negatively associated with FAP-a
levels in human glioblastoma tissues. To determine whether
reduced miR-204 expression correlates with increased levels
of FAP-a in glioblastoma tissues, 18 pairs of primary glio-
blastoma tissues and adjacent normal tissues were used to
determine FAP-a, and miR-204 expression using qPCR. The
results indicated that the FAP-a mRNA level in glioblastoma
tissues was significantly increased compared with that of
adjacent normal tissues (Fig. 5SA) and that the miR-204 level
in glioblastoma tissues was significantly decreased compared
with that in adjacent normal tissues (Fig. 5B). As demonstrated
in Fig. 5C, linear correlation analysis suggested a significant
inverse correlation between miR-204 and FAP-a mRNA
expression in glioblastoma tissues (P<0.01).

miR-204 inhibits RAB22A, EZRIN, SOX4, ATF2 and EphB
protein in U25IMG-R cells. In order to detect whether
miR-204 inhibits RAB22A, EZRIN, SOX4, ATF2 and
EphB protein expression, U251MG-R cells were transfected
with pre-miR-204. Then, western blotting was performed to
detect the protein levels. The results demonstrated that the
levels of RAB22A, EZRIN, SOX4, ATF2 and EphB proteins
were downregulated in U251MG-R cells transfected with
pre-miR-204 (Fig. 6A).

Discussion

TMZ has improved the prognosis of patients with GBM (27,28);
however, almost all patients succumb to recurrence following
chemoradiotherapy. miRNAs are involved in the acquisition of
TMZ resistance in GBM (29). The expression level of miR-204
was significantly reduced in clinical glioma tissues compared
with normal brain tissues (20). The introduction of miR-204
dramatically suppressed glioma cell growth, migration and
invasion by targeting RAB22A (a member of the RAS onco-
gene family) (20), and miR-204 may suppress cell proliferation,
migration and invasion through inhibiting ATF2 and EZRIN
expression (18,19). miR-204 suppresses self-renewal, the stem
cell-associated phenotype of glioma cells by targeting the
stemness-governing transcriptional factor SOX4, and the migra-
tion-promoting receptor EphB2 (30). The results of the present
study confirmed that RAB22A, EZRIN, SOX4, ATF2 and EphB
were inhibited by miR-204 (Fig. 6A). Consistent with a previous
study (30), the present study demonstrated that miR-204 signifi-
cantly inhibited the formation of glioma initiating cells (GICs)
in glioblastoma, and that SOX4 and EphB2 may be significantly
downregulated by miR-204. GICs, also termed glioma stem
cells, are responsible for tumor initiation, relapse and therapeutic
resistance (26). The results of the present study demonstrated
that the formation of CICs induced by the decrease in miR-204
levels may serve an important role in promoting TMZ resistance
during the progression of glioblastoma.

FAP-a is highly expressed on the surface of glioma cells
and contributes to diffuse glioma invasion through extracel-
lular matrix components (11). However, its role in regulating the
formation of GICs and TMZ resistance has not been identified
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at present. The present study demonstrated that it serves a
crucial role in regulating TMZ resistance and GIC formation.
In addition, consistent with a previous study, it was identified
that FAP-a may promote proliferation, migration and invasion
in glioma cells (11). The results suggest that FAP-a may serve
an important role in the prognosis of glioblastoma and is a
potential target for therapy.

In conclusion, the present study demonstrated that
miR-204 serves a crucial role in the extensive network of
cellular pathways underlying glioblastoma carcinogenesis,
and identified a novel target gene, FAP-a. Thus, the restora-
tion of miR-204's levels to physiological levels observed in
non-tumor tissues may represent a novel therapeutic strategy
for glioblastoma.
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