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ABSTRACT

Previous studies reported that miR-433 exerts function widely in human
tumorigenesis and development. Here, we further investigate the potential role of
miR-433 in glioma. Quantitative real-time PCR demonstrated that miR-433-3p and
miR-433-5p were low expressed in glioma tissues and cell lines. Functional studies
suggested that the overexpression of miR-433-3p suppressed proliferation, induced
apoptosis and inhibited invasion and migration of human glioma cells. But the growth
and metastasis of glioma cells were not significantly influenced by overexpression of
miR-433-5p. In a xenograft model, we also showed that miR-433-3p had an inhibitory
effect on the growth of glioma. Bioinformatics coupled with luciferase and western blot
assays revealed that CREB is a direct target of miR-433-3p, and the overexpression
of CREB can rescue the phenotype changes induced by miR-433-3p overexpression.
Besides, miR-433-3p could increase chemosensitivity of glioma to temozolomide by
targeting CREB in vitro and in vivo. Taken together, these results suggest that miR-
433-3p may function as a potential marker in diagnostic and therapeutic target for
glioma.

of mRNA, resulting in that the translation of target gene is
suppressed or the mRNA of target gene is degraded [3, 4].
MiRNAs can affect tumor development through a variety
of mechanisms [5]. Abnormalities of miRNAs expression

INTRODUCTION

Glioma is the most common malignant tumor of
central nervous system with rapid growth, low survival

rate, and high mortality, especially to the patients who
could not completely remove the cancer [1]. Despite
great efforts made in the past several decades toward
improvement of combined therapies for glioma, the
prognosis remains grim [2]. A better understanding of the
molecular mechanism of gliomagenesis and finding genes
associated with the pathogenesis of glioma will lead to
the development of novel targeted therapies for glioma.
MicroRNAs (miRNAs) are a new class of endogenous,
small (19~22nt) non-coding single-stranded RNA
molecules that negatively regulate protein-coding genes by
base pair matching with the 3’ untranslated region (UTR)

are now known to be involved in gliomagenesis and may
function as oncogenes or tumor suppressors [6].
MiR-433 exerts diverse functions in human
tumorigenesis and development [7—15]. It has been
reported that miR-433 was down-regulated in gastric
carcinoma [7], visceral adipose tissue of patients
with non-alcoholic steatohepatitis [8] and hepatitis B
virus-associated hepatocellular carcinoma (HCC) [9].
Moreover, microRNA-433 negatively regulates the
expression of thymidylate synthase (TYMS) responsible
for 5-fluorouracil sensitivity in HeLa cells [10]. Besides,
microRNA-433 inhibits hepatocellular carcinoma cell

www.impactjournals.com/oncotarget

5057

Oncotarget



migration in HCC [11] and suppresses hematopoietic cell
growth and differentiation in myeloproliferative neoplasms
[12]. A cohort of genes which contain GRB2 [7], HDAC6
[13] and GBP2 [12] have been identified and validated as
targeted genes of miR-433. However, the role of miR-433
in human malignant glioma remains largely unknown. The
aim of this study was to determine expression levels of
miR-433 in glioma and to further investigate the potential
role of miR-433 in this malignancy.

RESULTS

MiR-433-3p and miR-433-5p are down-regulated
in malignant glioma

To evaluate the expression pattern of miR-433-
3p and miR-433-5p in malignant glioma, quantitative
RT-PCR was used to detect the expression level in 12
malignant glioma tissues, 6 unmatched nonneoplastic
brain specimens, and 5 glioma cell lines (U251, U87,
LN229, SNB19 and LN308). We found that miR-433-
3p and miR-433-5p expression in malignant glioma was
significantly lower than in nontumor brain tissues (P <
0.01, Figure 1A). Similarly, 5 glioma cell lines showed
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markedly lower levels of miR-433-3p and miR-433-5p
expression when compared with nontumor brain tissues
(Figure 1B).

To elucidate the role of miR-433 in human glioma
development, commercially synthesized miR-433-3p
and miR-433-5p mimics were used to alter the levels of
miR-433-3p and miR-433-5p in U251 and U87 glioma
cells. The alteration of miR-433-3p and miR-433-5p was
confirmed by quantitative RT-PCR. As shown in Figure
1C and 1D, the expression levels of miR-433-3p and miR-
433-5p in U251 and U87 cells transfected with mimics
were significantly elevated (P < 0.05).

MiR-433-3p suppresses malignant behavior of
glioma cells

The effects of miR-433 alteration on cell viability
and growth were determined in glioma cells using MTT
and colony formation assays. Overexpression of miR-
433-3p remarkably inhibited cell viability at 48 h and 72
h after transfection compared with miR-433-5p mimic
group and the scramble group in the U251 and U87 cell
lines (P < 0.01, Figure 2A). The colony formation assay
revealed that the colony formation rates of U251 and U87
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Figure 1: MiR-433-3p and miR-433-5p are down-regulated in malignant glioma. A. The relative miR-433-3p and miR-433-
5p expression levels in 6 normal brain tissues and 12 glioma tissues were analyzed by quantitative RT-PCR. "P < 0.05 versus Normal.
B. Real-time PCR analysis of miR-433-3p and miR-433-5p expression in various glioma cell lines (U251, U87, LN229, SNB19 and
LN308). C. and D. The efficiency of miR-433-3p and miR-433-5p mimics in U251 and U87 cells was confirmed by quantitative RT-PCR.
P < 0.05 versus Scramble. All experiments were repeated three times. All data are shown as mean + SD.
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cells transfected with miR-433-3p mimics were lower than
in corresponding cells in the miR-433-5p mimic group and
the scramble group (P < 0.05, Figure 2B).

To measure the effect of miR-433 on glioma cell
apoptosis, we transfected miRNA mimics into U251 and
U87 glioma cells, and assessed the ratio of apoptosis 48
h after transfection using flow cytometry. As a result,
overexpression of miR-433-3p rather than miR-433-
Sp significantly induced apoptosis in both U251 and
U87 cells (P < 0.01, Figure 2C). The cell cycle was
also evaluated 48 h after mimics transfection by flow
cytometry. As shown in Figure 2D, miR-433-3p rather
than miR-433-5p delayed the progression of the cell
cycle and inhibited cell proliferation by arresting the
tumor cells at GO/G1 phase (P < 0.05). These results
demonstrate that miR-433-3p inhibits the growth of
glioma cells, while miR-433-5p had no significant effect
on cell proliferation.

In addition, we analyzed the effects of miR-433 on
cell invasion and migration in U251 and U87 cell lines by
transwell assay. The results showed that cell invasion and
migration were attenuated in miR-433-3p group compared
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with miR-433-5p group and scrambled group (P < 0.05,
Figure 2E and 2F). These results indicate that miR-433-
3p suppresses metastasis, thus functioning as a tumor
suppressor in human glioma cells.

CRESB is a direct target of miR-433-3p

To determine the mechanism underlying the
inhibitory effects of miR-433-3p on glioma, the
identification of the miR-433-3p downstream target genes
is essential. Using TargetScan, PicTar, and miRanda, we
predicted multiple putative targets of miR-433-3p based
on the conserved seed region between miR-433-3p and
the 3’-UTR of each gene (CREB, PPM1A and KRAS)
(Figure 3A). We cloned the 3’-UTRs of three genes into
the respective luciferase reporters. The results of luciferase
reporter assay showed that relative activities of plasmid
luciferase in U251 and US87 cells were not obviously
changed in PPM1A groups and KRAS groups. But the
group with the wild-type 3’-UTR of CREB showed
markedly reduced luciferase activity in miR-433-3p
mimics group compared with scramble miRNA group
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Figure 2: MiR-433-3p suppresses malignant behavior of glioma cells. A. MTT assay of U251 and U87 cells transfected with
miR-433-3p or miR-433-5p mimics was used to investigate the effect of miR-433 on cell growth. B. Cell clonogenicity was measured by
the colony formation assay of U251 and U87 cells transfected with miR-433-3p or miR-433-5p mimics. C. Apoptosis in U251 and U87
cells was measured by Annexin V-FITC/ PI staining following transfection of miR-433-3p or miR-433-5p mimics. D. After transfection of
miR-433-3p or miR-433-5p mimics to U251 and U87 cells, the cell cycle distribution was analyzed by flow cytometry. E. and F. The eftect
of miR-433-3p or miR-433-5p on invasion and migration in U251 and U87 cells was assessed by in vitro transwell assay. Representative
images are shown on the left, and the average number of cells per field is shown on the right. All experiments were repeated three times.

All data are shown as mean = SD. "P < 0.05 versus Scramble.
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Figure 3: CREB is a direct target of miR-433-3p. A. The sequence of miR-433-3p binding sites within PPM1A, KRAS and
CREB. The reporter constructs of the PPM1A, KRAS and CREB 3’-UTR sequences and the mutated 3’-UTR sequences are shown in the
schematic diagram. B. Luciferase reporter assay was performed to detect the relative luciferase activities of wild and mut PPM1A, KRAS
or CREB reporters. “P < 0.05 versus Scramble + Mut. C. Western blot was used to detect the CREB protein level in U251 and U87 cells
over-expressing miR-433-3p. "P < 0.05 versus Scramble. D. The relative expression levels of several downstream molecules of CREB,
including PCNA, BCL2, MMP-9 and CyclinD1 were detected by immunoblotting analysis. "P < 0.05 versus Scramble. All experiments
were repeated three times. All data are shown as mean + SD.
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(P <0.01, Figure 3B). Therefore, CREB may be a target
gene of miR-433-3p. Furthermore, western blot was used
to assess the effects of miR-433-3p on CREB expression.
We transfected miR-433-3p mimics into U251 and U87
cells and found that overexpression of miR-433-3p
reduced CREB protein expression (P < 0.05, Figure 3C).
Taken together, these results suggest that CREB is a direct
target gene of miR-433-3p.

In order to further decipher the mechanism related
to the role of miR-433-3p, we examined the relative
expression levels of several downstream proteins of
CREB, including PCNA, BCL2, MMP-9 and CyclinD1
by western blot. After transfection with miR-433-3p
mimics, the expression of PCNA, BCL2, MMP-9 and
CyclinD1 in U251 and U87 cells were significantly
decreased as compared to scrambled cells (P < 0.05,
Figure 3D). These results indicate that miR-433-3p plays
a critical role in abrogating the malignant phenotype of
glioma.
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CREB can rescue the phenotypes caused by
miR-433-3p

To elucidate whether miR-433-3p influences tumor
growth through regulating the expression of CREB, we
constructed an overexpression plasmid of CREB (pCMV6/
CREB) to perform a rescue experiment. Western blotting
analysis showed that overexpression of CREB restored the
protein level decreased by miR-433-3p mimics (Figure 4A).
Furthermore, MTT, colony formation assays, apoptosis, cell
cycle analysis, invasion and migration assays were employed
in U251 and U87 cells co-transfected with miR-433-3p
mimics and pCMV6/CREB or their control oligomers and
vectors. As shown in Figure 4B-4G, the inhibitory effects
on cell growth and invasion and migration caused by miR-
433-3p were partly abolished by the overexpression of CREB
(P < 0.05). These results demonstrate that CREB is a direct
target gene of miR-433-3p and that miR-433-3p acts as a
tumor suppressor through CREB in human glioma cells.
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Figure 4: CREB can rescue the phenotypes caused by miR-433-3p. A. Western blot analysis of CREB in U251 and U87 cells
co-transfected with either miR-433-3p mimics or scramble and pPCMV6/CREB or pCMV6 empty vector. B. and C. The transfected cells
were submitted to MTT and colony formation assays to test the proliferation of U251 and U87 cells after co-transfection with mimics and
vectors. D. and E. Apoptosis and cell cycle analysis were employed in U251 and U87 cells co-transfected with miR-433-3p mimics and
pCMV6/CREB or their control oligomers and vectors. F. and G. Cell motility was examined by transwell invasion and migration assay after
co-transfection with mimics and vectors. All experiments were repeated three times. All data are shown as mean = SD. “P < 0.05 versus

Scramble + pCMV6. *P < 0.05 versus miR-433-3p + pCMV6.
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MiR-433-3p inhibits glioma growth in nude mice

Since miR-433-3p plays an important role in cell
survival, we performed a proof-of-principle experiment
using a U87 xenograft tumor model. Mice were treated
with local injections of 500 pmol scrambled oligo or miR-
433-3p mimics in 25 pl Lipofectamine at multiple sites in
the tumor and were monitored every 3 days for 21 days.
As shown in Figure 5A, the mean tumor volume of the
mice in the treated groups was dramatically reduced at 9,
12, 15, 18 and 21 days compared to the scrambled group
(P < 0.05). At the end of the experiment, a significant
decrease in tumor volume was observed in the miR-433-
3p treated group (Figure 5B), and the expression level of
miR-433-3p in tumor treated with miR-433-3p mimics
was significantly elevated (P < 0.05, Figure 5C). Besides,
immunohistochemical staining revealed a down-regulated
level of CREB in the miR-433-3p group (Figure 5D).
The result is consistent with the effects of miR-433-3p on
cultured human glioma cells in vitro, indicating that miR-
433-3p inhibits cell growth by targeting CREB in vitro
and in vivo.

MiR-433-3p increases chemosensitivity of glioma
to temozolomide (TMZ) by targeting CREB

To investigate the potential role of miR-433-3p
in chemosensitivity of glioma, U251 and US87 cells
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transfected with scramble or miR-433-3p mimics were
treated with different concentrations of TMZ. MTT assay
indicated that overexpression of miR-433-3p significantly
inhibited cell viability compared with the scramble group
by TMZ treatment (P < 0.05, Figure 6A). Furthermore,
cell proliferation in the presence of TMZ was also tested
by MTT at different time points. As shown in Figure 6B,
we obtained consistent result that miR-433-3p increases
chemosensitivity of U251 and U87 cells to TMZ (P <
0.05). To further explore the function of miR-433-3p and
its target CREB in cell apoptosis in the presence of TMZ,
U251 and U87 cells were transfected with pCMV6/CREB
or pCMV6 vector. Our results showed that apoptosis rates
were upregulated in the group treated with miR-433-3p
and TMZ, whereas overexpression of CREB partially
attenuated the effect induced by miR-433-3p and TMZ
treatment (P < 0.05, Figure 6C). These results indicate that
miR-433-3p increases chemosensitivity of glioma cells to
TMZ by targeting CREB. Furthermore, the combination
of miR-433-3p with TMZ significantly suppressed U87
human glioblastoma xenograft growth (P < 0.05, Figure
6D). These data indicate that miR-433-3p circumvents
TMZ resistance of glioma both in vitro and in vivo.

DISCUSSION

MicroRNAs (miRNAs) play a pivotal role in the
development of the malignant phenotype of glioma cells,
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" miR-433-3p mimics

Figure 5: MiR-433-3p inhibits glioma growth in nude mice. A. The U87 xenograft experiments were performed to confirm the
effects of miR-433-3p on tumor growth in vivo. The tumor volume was measured with a caliper every 3 days using the formula, volume
= length x width?2. B. Photography of the U87 xenograft tumor was shown at the end of a 21-day observation period. C. The expression
levels of miR-433-3p in tumor treated with miR-433-3p mimics were analyzed by quantitative RT-PCR. D. Immunohistochemical analysis
was used to detect the expression of CREB protein in xenograft tumor after treatment with miR-433-3p mimics. Scale bars, 50um. All data

are shown as mean = SD."P < 0.05 versus Scramble.
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assayed by MTT 48 h later. "P < 0.05 versus Scramble. B. The cell proliferation in the presence of TMZ (100 uM) was tested by MTT
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the study. "P < 0.05 versus Scramble+TMZ. A—C. experiments were repeated three times. All data are shown as mean + SD.
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Table 1: Clinical information of patients and control subjects

Patients Control subjects
Index Gender Age WHO Index Gender Age WHO grade
grade

1 Male 34 v 1 Male 23 Normal brain tissue
2 Female 46 v 2 Female 44 Normal brain tissue
3 Female 38 v 3 Male 36 Normal brain tissue
4 Female 36 v 4 Female 33 Normal brain tissue
5 Male 38 v 5 Male 28 Normal brain tissue
6 Male 39 v 6 Male 46 Normal brain tissue
7 Male 46 v

8 Female 48 v

9 Male 30 v

10 Male 42 v

11 Male 41 v

12 Male 41 v

including cell survival, proliferation, differentiation,
tumor angiogenesis, and stem cell generation [6]. Several
recent studies conducted in human specimens point to a
physiological function of miR-433 in human diseases.
For instance, the level of miR-433 is decreased in human
gastric carcinoma, which is associated with unfavorable
outcome in overall survival, and GRB2 and KRAS are
direct target of miR-433 in human gastric carcinoma [7,
14, 15]. Although these studies provide evidence for the
importance of miR-433 in various human diseases, its
specific function in the glioma remains elusive. In the
present study, we attempt to investigate the expression and
function of miR-433 in human glioma.

Previous studies have reported that miR-433 was
downregulated in glioblastoma samples [16, 17]. Similarly,
our data demonstrated that miR-433-3p and miR-433-
5p were downregulated in human glioma tissues and 5
glioma cell lines compared with nontumor brain tissues.
Therefore, we further clarified the functions of miR-433-
3p and miR-433-5p in the development and progression of
glioma cells. MiR-433-3p mimics and miR-433-5p mimics
were used to transfect human glioma cell lines U251 and
U87. The up-regulation of miR-433-3p dramatically
inhibited glioma cell proliferation, repressed invasion and
migration and promoted cell apoptosis, which is consistent
with its potential roles as a tumor suppressor in glioma.
We also used xenograft models to confirm that miR-433-
3p could suppress the growth of glioma cell in vivo. These
data suggest that miR-433-3p rather than miR-433-5p
might play a critical role in the development of glioma
and act as a tumor suppressor.

The role of miRNA in the organism is determined
by the target genes. Therefore, it is important to identify

the target genes of miR-433-3p to study its mechanism. In
our study, CREB was identified as a direct target of miR-
433-3p in U251 and U87 cells. Besides, overexpression
of CREB rescued the phenotypes caused by miR-433-
3p, indicating that CREB is regulated by miR-433-3p in
glioma cells. CREB (cAMP response element-binding
protein, or CREB1) is a nuclear transcription factor which
contains a basic/leucine zipper structure (bZIP) [18, 19].
It can be activated through phosphorylation at Ser-133 via
a number of kinases pathways, including the PKA, PKC,
CaM kinases, p90RSK, and ERK /2 signaling pathways
[20-22]. Tt has been reported that CREB is a real culprit
in oncogenesis [23]. CREB has been implicated in the
growth and progression of multiple cancers, including
malignant mesothelioma [22], non-small cell lung cancer
[24, 25], leukemia [26, 27] and breast cancer [28]. CREB
is also highly-expressed in glioma tissues and promotes
the growth and survival of glioma cells [29-32]. The
mechanism by which CREB regulates glioblastoma tumor
cell proliferation involves activities downstream from both
the MAPK and PI3K pathways that then modulate the
expression of three key cell cycle factors, cyclin B1, cyclin
D1 and PCNA [32]. It has been shown that miR-1224-5p
and miR-200b act as tumor suppressors by targeting CREB
in malignant gliomas [33, 34]. Herein, we demonstrated
that CREB is a direct target of miR-433-3p in glioma cells.
What’s more, consistent with the functional regulation of
CREB by miR-433-3p, the protein expression of PCNA,
BCL2, CyclinD1 and MMP-9 were suppressed by miR-
433-3p in the present study. These findings indicate that
CREB is downregulated by miR-433-3p, and that CREB
subsequently directly or indirectly modulates its target
genes to control the cell growth and metastasis in glioma.
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We then further explored the role and mechanisms
of miR-433-3p in chemosensitivity of glioma. Emerging
evidence suggests that miRNA regulates chemosensitivity
of glioma through apoptosis, cell cycle distribution
and cancer stem cell (CSC) maintenance [35-37]. Our
results showed that apoptosis rates were upregulated in
the group treated with miR-433-3p and TMZ, whereas
overexpression of CREB partially attenuated the effect
induced by miR-433-3p and TMZ treatment. These results
implicate that miR-433-3p increases chemosensitivity
of glioma to TMZ through targeting CREB to activate
apoptotic signaling pathways. Some studies reported
that reduced expression of CREB suppressed the
expression of ABCG?2 [38], which plays critical roles in
conferring multidrug resistance in tumor cells [39-41].
Therefore, potential mechanistic explanations for the
TMZ chemosensitivity of miR-433-3p in glioma may be
due to apoptosis activation, cell cycle distribution and
downregulation of CREB and ABCG2.

In summary, our data reveal that miR-433-3p is
downregulated in glioma tissue and cells, and functions
as a tumor suppressor by targeting CREB in glioma, thus
regulating cell growth, invasion and migration. Besides,
we demonstrate that miR-433-3p renders glioma cells
more susceptible to TMZ treatment. Consequently, our
findings suggest that miR-433-3p may function as a
potential target in diagnostic and therapeutic procedure in
malignant glioma.

MATERIALS AND METHODS

Cell culture and transfection

The human GBM cell lines U251, U87, LN229,
SNB19 and LN308 were purchased from the Institute
of Biochemistry and Cell Biology, Chinese Academy of
Sciences, Shanghai, China. The cells were maintained in
Dulbecco’s modified Eagle’s medium (DMEM, Gibco,
USA) supplemented with 10% fetal bovine serum (FBS,
Gibco, USA), and incubated at 37°C with 5% CO.,.
The oligonucleotide sequence of human miR-433-5p
mimics (5’-UACGGUGAGCCUGUCAUUAUUC-3")
and human miR-433-3p mimics (5’-AUCAUGAU
GGGCUCCUCGGUGU-3") were synthesized by Gima
Biol Engineering Inc., Shanghai, China. A scrambled
oligomer sequence (5’-UUCUCCGAACGUGUCAC
GUTT-3") was used as the negative control. Transfection
was performed with Lipofectamine 2000 Reagent
(Invitrogen, USA) following the manufacturer’s protocol.

Clinical tumor speciments

Twelve glioblastoma tissue samples were collected
in Tianjin Huanhu Hospital from January 2013 to May
2013. Six nonneoplastic brain tissues were obtained from
patients with traumatic brain injury as control. Immediately
after surgery, samples were snap-frozen and stored in liquid

nitrogen. The patient clinical information is shown in
Table 1 . This study was approved by the ethics committee
of Tianjin Huanhu Hospital and informed consent was
obtained according to the Declaration of Helsinki.

Real-time PCR for miR-433-5p and miR-433-3p
expression

Total RNA from tissue samples and glioma cells
were extracted using a miRcute miRNA Isolation Kit
(Tiangen Bio Co., Ltd, Peking, China) following the
manufacturer’s instructions. Synthesis of complementary
DNA (cDNA) and real-time polymerase chain reaction
(RT-PCR) were performed using the PrimeScript® RT
reagent Kit and SYBR® Premix Ex Taq™ II (Takara
Co., Ltd, Dalian, China), respectively according to the
manufacturer’s protocol. Real-time PCR was performed
using Roche LC480 quantative Real-Time PCR system
(Roche, USA). All PCR reactions were performed using
standard PCR conditions according to reagent Kit. U6
was used as the internal control. The expression of each
gene was quantified by measuring cycle threshold (Ct)
values and normalized using the 224 method relative to
U6 snRNA. The primer sequences were synthesized by
Invitrogen Co., Ltd, Shanghai, China.

MTT and colony formation assays

The 3-(4, 5-dimethylthiazole-2-yl)-2, 5-biphenyl
tetrazolium bromide (MTT) assay was used to evaluate
cell viability and proliferation. U251 and U87 were seeded
in a 96-well plate at 5,000 cells per well 12 hour prior
to transfection. The cells were transfected with miRNA
mimics or a scrambled siRNA at 3pmol per well. The
MTT assay was used to determine cell viability 24 h,
48 h and 72 h after transfection. The spectrophotometric
absorbance of each sample was measured at 490 nm.

For the colony formation assay, tumor cells
transfected with miRNA mimics or a scrambled oligomer
were counted and seeded in 12-well plate at 100 cells per
well. The cells were grown for 10 days at 37°C with 5%
CO,. Culture medium was replaced every 3 days. Colonies
were counted only if they contained more than 50 cells,
and the number of colonies was determined at the sixth
day after seeding. Colony formation was visualized with
crystal violet staining.

Apoptosis assay and cell cycle analysis

U251 and U87 cells were plated into 6-well plates
and transfected with oligonucleotides. Apoptosis was
measured 48 h after transfection by using an Annexin V/
fluorescein isothiocyanate (FITC) apoptosis detection kit
(BD Biosciences, USA). Briefly, cells were trypsinized,
washed, stained with FITC-conjugated anti-Annexin V
antibody under darkness for 15 min at room temperature,
and then analyzed by FACSCanto II flow cytometry (BD
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Biosciences, USA). Each experiment was performed in
triplicate.

The cell cycle was evaluated 48 h after mim’
transfection by FACSCanto II flow cytometry (I
Biosciences, USA). Briefly, a total of 1 x 10° cells were
harvested, rinsed with cold PBS and fixed with 70% ice-
cold ethanol for 48 h at 4°C. Fixed cells were rinsed with
cold PBS, and their nuclei were stained with propidium
iodide (PI) before DNA content was measured with
flow cytometry. At least 10,000 cells were counted,
and the ModFit software was used to analyze cell cycle
distribution.

Migration and invasion assays

For the transwell migration assays, 5 x 10° U251
and U87 cells were respectively plated in the top chamber
with a noncoated membrane (Costar, USA). For the
invasion assays, 1 x 10° U251 and U87 cells were
respectively plated in the top chamber with a Matrigel-
coated membrane. For both assays, the cells were plated
in the upper chambers filled with serum-free medium, and
medium supplemented with 20% serum (Gibco, USA) was
used as a chemo-attractant in the lower chamber. The cells
were incubated at 37°C with 5% CO, in a tissue culture
incubator. After 16 h, the non-migrated/non-invaded
cells were removed from the upper sides of the transwell
membrane filter inserts using cotton-tipped swabs. The
migrated/invaded cells on the lower sides of the inserts
were stained with crystal violet, and five random fields of
the cells were counted.

Prediction of miR-433-3p target gene and
Luciferase reporter assay

Using TargetScan, PicTar, and miRanda, we
predicted multiple putative targets of miR-433-3p based
on the conserved seed region between miR-433-3p and the
3’-UTR of each gene. Based on the bioinfomatic analysis
by three computational algorithms, we found that CREB,
PPM1A, and KRAS were the predicted targets of miR-
433-3p. The 3’-UTR target sites of the predicted target
gene and a mutant variant were synthesized and cloned in
the pmirGLO Dual-Luciferase miRNA target expression
vector. The new vectors were named pmirGLO-CREB-
3’UTR-Wild/Mut, pmirGLO-PPM1A-3’UTR-Wild/Mut
and pmirGLO-KRAS-3’UTR-Wild/Mut.

To examine the luciferase activity, 4 groups were set
up for U251 and U87 cells, respectively, (1) Scramble +
Mut, (2) Scramble + Wild, (3) mimics + Mut, (4) mimics
+ Wild. Glioma cells were seeded in 96-well plates and
co-transfected 12 h later with plasmids (0.2 pg), miR-
433-3p mimics (5 pmol) or scramble miRNA (5 pmol)
using Lipofectamine 2000 (Invitrogen, USA). The cells
were harvested 48 h after transfection, and firefly and
renilla luciferase activities were analyzed with the Dual-

Luciferase™ Reporter Assay System, according to the
manufacturer’s instructions (Promega, USA).

Western blot analysis

Total cellular proteins were extracted and separated
by SDS-PAGE gels, and Western blot analysis was
performed according to standard procedures. [3-actin on
the same membrane was used as a loading control. The
primary antibodies included anti-CREB (CST, USA),
and anti-PCNA, anti-BCL2, anti-CyclinD1, anti-MMP-9
(SantaCruz, USA). Proteins were visualized using the ECL
procedure (Millipore, USA). The bands of gray intensity
were analyzed by Image J software.

Xenograft experiments

Male athymic BABL/c nude mice (4 weeks old)
were purchased from the Animal Center of Chinese
Academy of Science (Shanghai, China). All the animal
experiments were carried out in the animal unit, Tianjin
Medical Universtity (Tianjin, China) according to
procedures authorized and specifically approved by the
institutional ethical committee (Permit Number: SYXK
2009-0001). The U87 subcutaneous tumor xenograft
model was established before experiment. When the
tumors were approximately 100 mm?® in volume, the
mice were randomly divided into 2 groups (8 mice per
group): the scramble-treated group and the miR-433-3p
mimics-treated group. These mice were then treated with
500 pmol miR-433-3p mimics (20 pmol/ul) or scramble
miRNA (20 pmol/pl) in 25 pl Lipofectamine through a
local injection at 4-5 sites of the xenograft tumor. When
the mixture of Lipofectamine 2000/mimics was injected
into the xenograft tumor in a multisite injection manner,
the needle should be kept under the skin to prevent the
leakage of the liquid. Treatment was conducted every
3 days, until the end of the experiment. The tumor
volume was measured with a caliper every 3 days using
the formula, volume = length x width?/2. At the end of
a 21-day observation period, the mice were sacrificed to
detect the change of miR-433-3p and CREB expression
in vivo. The tumor tissues removed from the mice were
stored in liquid nitrogen and formalin for RT-PCR and
immunohistochemical analysis according to standard
procedures.

The same method was used to detect the potential
role of miR-433-3p in chemosensitivity of glioma in U87
xenograft tumor model. The mice were also randomly
divided into 2 groups (8 mice per group): the scramble
+ TMZ group and the miR-433-3p mimics + TMZ
group. Temozolomide (7.5mg/kg/day) was administered
by intraperitoneal injection every 3 days. The mixture
of Lipofectamine 2000/mimics was injected into the
xenograft tumor in a multisite injection manner. Tumor
volume was calculated at length x width?/2.
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In vitro chemosensitivity assay to temozolomide
(TMZ)

U251 and U87 cells were plated into 96-well
plates at a density of 5000 cells per well 12 hour prior
to treatment. The cells transfected with scramble or miR-
433-3p mimics were treated with different concentrations
of TMZ solution, and cell survival was assayed by MTT
48 h later. Besides, the cell proliferation in the presence of
TMZ (100 uM) was also tested by MTT every 24 h in both
U251 and U87 cells overexpressing scramble and miR-
433-3p. To further explore that the mechanism of miR-
433-3p increasing chemosensitivity to TMZ in glioma,
U251 and U87 cells were co-transfected with miR-433-
3p mimics and pCMV6/CREB or their control oligomers
and vectors in the presence of TMZ (100 uM). Then flow
cytometry analysis was performed to detect cell apoptosis
rates in every group.

Statistical analysis

SPSS 16.0 software was used for the statistical
analysis. One-way ANOVA or Student’s t-test was used for
comparisons between groups. Differences were considered
significant at P < 0.05.

ACKNOWLEDGMENTS

This study was supported by the Foundation
of Tianjin Science and Technology Committee
(14JCZDJC35600), the National Natural Science
Foundation of China (81500936), National Key
Technology Support Program (2014BAI04B00 and
2015BAI03BO0S).

CONFLICTS OF INTEREST

The authors who have taken part in this study declare
that they do not have anything to disclose regarding funding
or conflict of interest with respect to this paper.

REFERENCES

1. Van Meir EG, Hadjipanayis CG, Norden AD, Shu HK, Wen
PY, Olson JJ. Exciting new advances in neuro-oncology: the
avenue to a cure for malignant glioma. CA Cancer J Clin.
2010; 60: 166-93.

2. Fukushima S, Narita Y, Miyakita Y, Ohno M, Takizawa T,
Takusagawa Y, Mori M, Ichimura K, Tsuda H, Shibui S. A
case of more than 20 years survival with glioblastoma, and
development of cavernous angioma as a delayed complication
of radiotherapy. Neuropathology. 2013; 33: 576-81.

3. Lee RC, Feinbaum RL, Ambros V. The C. elegans
heterochronic gene lin-4 encodes small RNAs with
antisense complementarity to lin-14. Cell. 1993; 75: 843-54.

10.

11.

12.

13.

14.

15.

16.

17.

Ambros V. The functions of animal microRNAs. Nature.
2004; 431: 350-5.

Esquela-Kerscher A, Slack FJ. Oncomirs - microRNAs with
arole in cancer. Nat Rev Cancer. 2006; 6: 259-69.

Li M, Li J, Liu L, Li W, Yang Y, Yuan J. MicroRNA in
Human Glioma. Cancers (Basel). 2013; 5: 1306-31.

Luo H, Zhang H, Zhang Z, Zhang X, Ning B, Guo J, Nie
N, Liu B, Wu X. Down-regulated miR-9 and miR-433 in
human gastric carcinoma. J Exp Clin Cancer Res. 2009; 28:
82.

Estep M, Armistead D, Hossain N, Elarainy H, Goodman
Z, Baranova A, Chandhoke V, Younossi ZM. Differential
expression of miRNAs in the visceral adipose tissue of
patients with non-alcoholic fatty liver disease. Aliment
Pharmacol Ther. 2010; 32: 487-97.

Wang W, Zhao LJ, Tan YX, Ren H, Qi ZT. Identification of
deregulated miRNAs and their targets in hepatitis B virus-
associated hepatocellular carcinoma. World J Gastroenterol.
2012; 18: 5442-53.

Gotanda K, Hirota T, Matsumoto N, Ieiri I. MicroRNA-433
negatively regulates the expression of thymidylate synthase
(TYMS) responsible for 5-fluorouracil sensitivity in HeLa
cells. BMC Cancer. 2013; 13: 369.

Yang Z, Tsuchiya H, Zhang Y, Hartnett ME, Wang L.
MicroRNA-433 inhibits liver cancer cell migration by
repressing the protein expression and function of cAMP
response element-binding protein. J Biol Chem. 2013; 288:
28893-9.

Lin X, Rice KL, Buzzai M, Hexner E, Costa FF, Kilpivaara
O, Mullally A, Soares MB, Ebert BL, Levine R, Licht JD.
miR-433 is aberrantly expressed in myeloproliferative
neoplasms and suppresses hematopoietic cell growth and
differentiation. Leukemia. 2013; 27: 344-52.

Simon D, Laloo B, Barillot M, Barnetche T, Blanchard C,
Rooryck C, Marche M, Burgelin I, Coupry I, Chassaing
N, Gilbert-Dussardier B, Lacombe D, Grosset C, et al. A
mutation in the 3’-UTR of the HDAC6 gene abolishing
the post-transcriptional regulation mediated by hsa-
miR-433 is linked to a new form of dominant X-linked
chondrodysplasia. Hum Mol Genet. 2010; 19: 2015-27.

Ueda T, Volinia S, Okumura H, Shimizu M, Taccioli C, Rossi
S, Alder H, Liu CG, Oue N, Yasui W, Yoshida K, Sasaki H,
Nomura S, et al. Relation between microRNA expression and
progression and prognosis of gastric cancer: a microRNA
expression analysis. Lancet Oncol. 2010; 11: 136-46.

Guo LH, Li H, Wang F, Yu J, He JS. The Tumor Suppressor
Roles of miR-433 and miR-127 in Gastric Cancer. Int J Mol
Sci. 2013; 14: 14171-84.

Hua D, Mo F, Ding D, Li L, Han X, Zhao N, Foltz G, Lin
B, Lan Q, Huang Q. A catalogue of glioblastoma and brain
MicroRNAs identified by deep sequencing. Omics. 2012;
16: 690-9.

Qiu S, Lin S, Hu D, Feng Y, Tan Y, Peng Y. Interactions
of miR-323/miR-326/miR-329 and miR-130a/miR-155/

www.impactjournals.com/oncotarget

5067

Oncotarget



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

miR-210 as prognostic indicators for clinical outcome of
glioblastoma patients. J Transl Med. 2013; 11: 10.

Montminy MR, Bilezikjian LM. Binding of a nuclear
protein to the cyclic-AMP response element of the
somatostatin gene. Nature. 1987; 328: 175-8.

Yamamoto KK, Gonzalez GA, Biggs WH, 3rd, Montminy
MR. Phosphorylation-induced binding and transcriptional
efficacy of nuclear factor CREB. Nature. 1988; 334: 494-8.
Shaywitz AJ, Greenberg ME. CREB: a stimulus-induced
transcription factor activated by a diverse array of
extracellular signals. Annu Rev Biochem. 1999; 68: 821-61.

Mayr B, Montminy M. Transcriptional regulation by the
phosphorylation-dependent factor CREB. Nat Rev Mol Cell
Biol. 2001; 2: 599-609.

Shukla A, Bosenberg MW, MacPherson MB, Butnor KJ,
Heintz NH, Pass HI, Carbone M, Testa JR, Mossman
BT. Activated cAMP response element binding protein
is overexpressed in human mesotheliomas and inhibits
apoptosis. Am J Pathol. 2009; 175: 2197-206.

Siu YT, Jin DY. CREB--a real culprit in oncogenesis. Febs
3. 2007; 274: 3224-32.

Aggarwal S, Kim SW, Ryu SH, Chung WC, Koo JS.
Growth suppression of lung cancer cells by targeting cyclic
AMP response element-binding protein. Cancer Res. 2008;
68: 981-8.

Park JK, Park SH, So K, Bae IH, Yoo YD, Um HD. ICAM-3
enhances the migratory and invasive potential of human
non-small cell lung cancer cells by inducing MMP-2 and
MMP-9 via Akt and CREB. Int J Oncol. 2010; 36: 181-92.

Shankar DB, Sakamoto KM. The role of cyclic-AMP
binding protein (CREB) in leukemia cell proliferation and
acute leukemias. Leuk Lymphoma. 2004; 45: 265-70.

Cheng JC, Kinjo K, Judelson DR, Chang J, Wu WS,
Schmid I, Shankar DB, Kasahara N, Stripecke R, Bhatia R,
Landaw EM, Sakamoto KM. CREB is a critical regulator
of normal hematopoiesis and leukemogenesis. Blood. 2008;
111: 1182-92.

Fan CF, Mao XY, Wang EH. Elevated p-CREB-2 (ser 245)
expression is potentially associated with carcinogenesis and
development of breast carcinoma. Mol Med Rep. 2012; 5:
357-62.

Perry C, Sklan EH, Soreq H. CREB regulates AChE-
R-induced proliferation of human glioblastoma cells.
Neoplasia. 2004; 6: 279-86.

Tan X, Wang S, Yang B, Zhu L, Yin B, Chao T, Zhao J,
Yuan J, Qiang B, Peng X. The CREB-miR-9 negative
feedback minicircuitry coordinates the migration and
proliferation of glioma cells. PLoS One. 2012; 7: €49570.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Tan X, Wang S, Zhu L, Wu C, Yin B, Zhao J, Yuan J,
Qiang B, Peng X. cAMP response element-binding protein
promotes gliomagenesis by modulating the expression of
oncogenic microRNA-23a. Proc Natl Acad Sci U S A. 2012;
109: 15805-10.

Daniel P, Filiz G, Brown DV, Hollande F, Gonzales M,
D’Abaco G, Papalexis N, Phillips WA, Malaterre J, Ramsay
RG, Mantamadiotis T. Selective CREB-dependent cyclin
expression mediated by the PI3K and MAPK pathways
supports glioma cell proliferation. Oncogenesis. 2014; 3:
¢108.

Peng B, Hu S, Jun Q, Luo D, Zhang X, Zhao H, Li D.
MicroRNA-200b targets CREB1 and suppresses cell growth
in human malignant glioma. Mol Cell Biochem. 2013; 379:
51-8.

Qian J, Li R, Wang YY, Shi Y, Luan WK, Tao T, Zhang JX,
Xu YC, You YP. MiR-1224-5p acts as a tumor suppressor
by targeting CREBI1 in malignant gliomas. Mol Cell
Biochem. 2015; 403: 33-41.

Bao S, Wu Q, McLendon RE, Hao Y, Shi Q, Hjelmeland
AB, Dewhirst MW, Bigner DD, Rich JN. Glioma stem cells
promote radioresistance by preferential activation of the
DNA damage response. Nature. 2006; 444: 756-60.

Auffinger B, Spencer D, Pytel P, Ahmed AU, Lesniak MS.
The role of glioma stem cells in chemotherapy resistance
and glioblastoma multiforme recurrence. Expert Rev
Neurother. 2015; 15: 741-52.

Feng B, Wang R, Chen LB. Review of miR-200b and
cancer chemosensitivity. Biomed Pharmacother. 2012; 66:
397-402.

Xie Y, Nakanishi T, Natarajan K, Safren L, Hamburger
AW, Hussain A, Ross DD. Functional cyclic AMP response
element in the breast cancer resistance protein (BCRP/
ABCG2) promoter modulates epidermal growth factor
receptor pathway- or androgen withdrawal-mediated BCRP/
ABCG?2 transcription in human cancer cells. Biochim
Biophys Acta. 2015; 1849: 317-27.

Szakacs G, Paterson JK, Ludwig JA, Booth-Genthe C,
Gottesman MM. Targeting multidrug resistance in cancer.
Nat Rev Drug Discov. 2006; 5: 219-34.

Kusuhara H, Sugiyama Y. ATP-binding cassette, subfamily
G (ABCG family). Pflugers Arch. 2007; 453: 735-44.
Jiang P, Wang P, Sun X, Yuan Z, Zhan R, Ma X, Li W.
Knockdown of long noncoding RNA H19 sensitizes human

glioma cells to temozolomide therapy. Onco Targets Ther.
2016; 9: 3501-9.

www.impactjournals.com/oncotarget

5068

Oncotarget



