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Abstract: YAP1 is an oncogene in plenty types of tumors and miR-433 is a tumor suppressor in many types of tu-
mors. Furthermore, YAP1 is overexpressed in glioma and the function mechanism is still not entirely clear. So this 
study was aimed to investigate whether YAP1 expression in glioma is associated with miRNA. The YAP1 expression 
in glioma tissues and glioma cells and miR-433 expression in glioma tissues were detected using real-time PCR. 
Then the relationship between YAP1 and miR-433 was analyzed by dual-luciferase assay. The effects of miR-433 
overexpression on the proliferation, apoptosis, migration and invasion of glioma cells (LN382 and AM38) were 
evaluated using CCK-8 assay, flow cytometry, wound-healing assay and transwell assay, respectively. MiR-433 was 
lowly expressed in glioma tissues (P < 0.01) when YAP1 was highly expressed (P < 0.01), and miR-433 could directly 
target the YAP1 and indirectly downregulate the expression of YAP1. Overexpression of miR-433 would inhibit the 
proliferation, migration and invasion of glioma cells but promote the apoptosis of glioma cells. MiR-433 targets 3’-
UTR of YAP1 and may suppress the proliferation, migration and invasion of glioma cells through downregulating the 
YAP1 expression. This discovery is helping to understand the regulatory mechanism of YAP1 expression in glioma 
cells.
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Introduction 

Yes-associated protein 1 (YAP1) is a major 
effector of Hippo pathway and a transcriptional 
regulator, plays a role in cell proliferation, apop-
tosis and controlling organ size [1]. Furthermore, 
YAP1 acts as an oncogene and is highly 
expressed in various human tumors [2, 3]. 
Overexpression of YAP promotes the tumori-
genesis and is involved in tumor type and grade 
[4, 5], because YAP can stimulate the cellular 
transformation and improve cell invasion and 
metastasize [3]. 

MiRNA can inhibit the translation of mRNA 
through recognizing and binding to the target 
gene and induce the post-transcriptional gene 
silencing. So miRNAs play an important role in 
the regulation of the organisms’ physiological 
activities including development and immuno-
regulation. Most of miRNAs in mammal inhibit 
gene translation from the transcriptional level 
through binding to the 3’UTR of mRNA with 

incomplete base pairing way. About a third gene 
expressions in the human genome are predict-
ed to be regulated by miRNA. Many miRNAs are 
expressed with stronger tissue specificity and 
time phase property [6-8]. Dysregulation of cell 
differentiation, proliferation, apoptosis and 
other processes induces the malignant trans-
formation of cells and tumorigenesis. Increasing 
evidences showed the close relationship 
between miRNA and tumorigenesis. George 
showed about 19% miRNAs (35 of 186) were 
located in the high incidence areas of deletion, 
amplify and invesion in tumor cells [9]. MiR-143 
and miR-145 are down-regulated in rectal carci-
noma [10], and let-7 is down-regulated in lung 
cancer and related to the prognosis [11]. MiR-
21 is down-regulated in breast cancer but up-
regulated in glioma [12, 13]. Furthermore, the 
relationship between the abnormal expression 
of important tumor associated proteins and 
miRNA has being revealed gradually, miR-127 
negatively regulates the oncogene BCL6 [14] 
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and the inhibitor of apoptosis protein BCL2 is 
the target gene of miR-15 and miR-16 [15].

YAP1 is up-regulated in human medulloblasto-
mas, human meningioma, ependymoma and 
infiltrating human astrocytic tumors, and over-
expression of YAP1 is involved in the glioma 
pathogenesis [16]. But the regulatory mecha-
nism of YAP1 expression in gliomas is still not 
fully understood, and a plenty of oncogenes 
expression are regulated by miRNAs. So in this 
study, we screen the miR-433 regulating the 
YAP1 expression and validate the regulatory 
function of miR-433 in glioma cells.

Materials and methods

Tissue samples

20 glioma tissues and 20 adjacent normal tis-
sues were collected from 20 patients with glio-
ma, who underwent the tumor resection in 
Fudan University Shanghai Cancer Center 
between June 2012 and June 2014. All 
patients, including 13 males and 7 females, 
were diagnosed as glioma by nuclear magnetic 
resonance and histopathological confirmation. 
All tissues were stored in liquid nitrogen before 
using in this study. The research was approved 
by the Institutional Review Board of the 
Shanghai Cancer Center and all patients have 
given the written informed consent.

Cell culture and transfection

Normal human astrocytes HEB cells and human 
astrocytoma cell line U-251MG cells were pur-
chased from ATCC (Rockville, MD, USA), and 
were cultured in complete medium RPMI-1640 
(supplemented with 10% FBS). Other five 
human astrocytoma cell lines (U-138MG, 
LN382, A172, AM38, KMG4) were also used in 
this study, and A172 cells was purchased from 
ATCC, the others were purchased from Biofavor 
Company (Wuhan, China). These five cells were 
all cultured in complete medium DMEM supple-
mented with 10% FBS. 293T cells were cul-
tured in DMEM medium supplemented with 
10% FBS and used in dual-luciferase assay. 
LN382 cells and AM38 cells were also trans-
fected with miR-433 mimics and mimics NC 
(GenePharma, Suzhou, China) respectively to 
detect the effects of miR-433 on YAP1 expres-
sion and cell proliferation, apoptosis, migration 
and invasion in vitro. The final concentration of 

both miR-433 mimics and mimics NC was 50 
nM and they were transfected into cells using 
Lipofectamine 2000 reagent (Invitrogen, Carls- 
bad, CA, USA).

Real time quantitative PCR

Total RNA was extracted from glioma tissues, 
adjacent tissues and cells described in above 
respectively by TRIzol Reagent (Invitrogen) 
according to the instruction. PrimeScript RT 
Reagent Kit (Takara, Dalian, China) was used 
for reverse transcriptions from 1 μg of total 
RNA, and real time PCR was performed with 
SYBR Green Premix Ex Taq II (Takara) and Real-
Time PCR System (Applied Biosystems, CA, 
USA). The relative expression of CTGF in cells 
treated with microRNA mimics was also detect-
ed with the same method. The expression of 
β-actin was also detected as an internal con-
trol. The primer sequences were as follows: for 
YAP1, 5’-TAGCCCTGCGTAGCCAGTTA-3’ and 5’- 
GGTTCGAGGGACACTGTAGC-3’; for CTGF, 5’-CT- 
GCAGGCTAGAGAAGCAGAG-3’ and 5’-GATGCA- 
CTTTTTGCCCTTCT-3’; forβ-actin, 5’-ACCTTCTAC- 
AATGAGCTGCG-3’ and 5’-CCTGGATAGCAACGT- 
ACATGG-3’. For the analysis of miR-433 expres-
sion in tissues, total RNA was reverse-tran-
scribed with gene specific primers (5’-GTCG- 
TATCCAGTGCAGGGTCCGAGGTGCACTGGATACG- 
ACGAATAATG-3’) and real time PCR was per-
formed with the primer pair (5’-TGCGGTACGGT- 
GAGCCTGTC-3’ and 5’-CCAGTGCAGGGTCCGA- 
GGT-3’). U6 was detected with primer pair 
(5’-CTCGCTTCGGCAGCACA-3’ and 5’-ACGCTTC- 
ACGAATTTGCGT-3’) to calculate the relative 
expression of miR-433.

Western blot

YAP1 expression in LN382 cells and AM38 cells 
transfected with miR-433 mimics and mimics 
NC respectively was detected using western 
blot. Total protein was extracted with RIPA buf-
fer (Sigma, MO, USA) and quantified by BCA pro-
tein assay kit (Tiangen Biotech, Beijing, China) 
according to the instructions. Equal amounts of 
protein samples were loaded on 10% SDS-
PAGE and then transferred to a PVDF mem-
brane (Millipore, MA, USA). Subsequently the 
membranes were blocked in 5% non-fat milk for 
1h at room temperature followed by incubating 
with anti-YAP1 antibody (1:1000 dilution, 
Abcam, MA, USA) and anti-beta actin antibody 
(1:500, Abcam) at 4°C for overnight. After 
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washing with TBST buffer for three times, mem-
branes were incubated with HRP-conjugated 
goat anti-mouse IgG or rabbit anti-goat IgG at 
1:5000 dilutions for 1 h at room temperature. 
Signal was detected with ECL kit (Millipore). 

Luciferase reporter assay

YAP1 3’-UTR-wt and YAP1 3’-UTR-mut were 
cloned into pmirGLO vector (E1330, Promega, 
WI, USA) respectively. 293T cells (4 × 104 cells) 
were plated on 96-well plates with serum-free 
medium and cultivated at 37°C. The next day, 
293T cells were cotransfected with 150 ng 
pmirGLO- YAP1 3’-UTR-wt or pmirGLO- YAP1 3’- 
UTR-mut and mimics NC or miR-433 mimics or 
inhibitor NC or miR-433 inhibitor (50 nM) using 
Lipofectamine 2000 reagent, respectively. 
After cultivation for 48 h, 293T cells were col-
lected and the luciferase activities in each well 
were detected with the Dual-Luciferase Re- 
porter Assay system (Promega). 

CCK-8 assay 

LN382 cells and AM38 cells were seeded in 
96-well plates at a density of 4 × 103 cells/well 
and then transfected with miR-433 mimics or 
mimics NC (50 nM) respectively. Cells were har-
vested to estimate the cell viability using a 

CCK-8 detection kit (Sigma) at the first day, sec-
ond day, third day, fourth day, fifth day after 
transfection, respectively. The detection was 
performed according to the product specifi- 
cation. 

Flow cytometry

After LN382 cells and AM38 cells transfected 
with miR-433 mimics or mimics NC for 48 h, 
cell apoptosis was analyzed using Annexin 
V-FITC apoptosis detection kit (BD Biosciences, 
CA, USA) according to the manufacturer’s 
instruction.

Wound-healing assay

LN382 cells and AM38 cells were seeded in 
6-well plates and then transfected with miR-
433 mimics or mimics NC when grow to 90% 
confluence. After 24 h of transfection, a micro-
pipette tip was used to create a wound (0 h) 
followed by washing three times with PBS and 
adding appropriate serum-free medium. 
Capturing the images then cells were cultivated 
at 37°C and monitored daily. Finally, cells 
migrated towards the wound was captured at 
48 h and the closure of denuded area was 
calculated.

Figure 1. MiR-433 is a potential regulation of YAP1. A: mRNA level of YAP1 detection in glioma tissues and adjacent 
tissues using RT-qPCR; B: mRNA level of YAP1 detection in normal human astrocytes HEB cells and human glioma 
cell lines (U138MG, LN382, A172, AM38, U251MG and KMG4) using RT-qPCR; C: Predicted binding sites between 
YAP1 and miR-433 using TargetScan 4.2; D: MiR-433 detection in glioma tissues and adjacent tissues using RT-
qPCR; E: The correlation analysis between YAP1 expression and miR-433 expression in glioma tissues.
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Transwell invasion assay

Transwell chambers (8 µm, Millipore) were coat-
ed with Matrigel and used in this study. LN382 
cells and AM38 cells transfected with miR-433 
mimics or mimics NC were seeded in the upper 
chamber with serum-free medium, and com-
plete medium supplemented with 10% FBS 
was added in the lower chamber. After 24 h cul-
tivation at 37°C, the invaded cells on the bot-
tom of the upper chamber were fixed with 
methanol and stained with crystal violet. Finally, 
the invaded cells were observed and counted 
under an inverted microscope.

Statistical analysis

Data from three independent results was ana-
lyzed using Graphpad Prism 6, and values were 
shown as means ± SD. The correlation analysis 
between YAP1 expression and miR-433 expres-
sion in glioma tissues was performed with 
Graphpad Prism 6 and the correlation coeffi-
cient r was calculated using Spearman method. 
Statistical significance was evaluated with 
Student’s t test and difference was statistically 
significant when P < 0.05. 

Results

MiR-433 may regulate the YAP1 expression

The mRNA expression of YAP1 in glioma tis-
sues, adjacent tissues and cells were detected 
using real time PCR respectively, and the 
results showed the high level of YAP1 in glioma 
tissues and glioma cells than that in adjacent 
normal tissues and human astrocytes (P < 
0.01) (Figure 1A and 1B). MiR-433 plays a role 
of tumor suppressor gene with low expression 
level in gastric cancer, liver cancer and other 
cancers [17-20], so we predicted the binding 
site between YAP1 and miR-433 using 
TargetScan 4.2, the seed sequence of miR-433 
could be completely matched to the 3’UTR of 
YAP1 mRNA as shown in Figure 1C. Furthermore, 
the miR-433 expression in glioma tissues and 
adjacent tissues was assessed and miR-433 
expression in glioma tissues was significantly 
lower than that in adjacent tissues (P < 0.01) 
(Figure 1D). The result of correlation analysis 
between YAP1 expression and miR-433 expres-
sion showed a remarkable negative correlation 
(r = -0.8506, P < 0.001) (Figure 1E). The match-
ing between YAP1 mRNA and Mir-433 sequence 

Figure 2. MiR-433 directly target the YAP1. A: The wild type and mutant type of YAP1 3’-UTR cloned into the dual-
luciferase reporter vector; B: Relative luciferase activities of reporters with YAP1 3’-UTR wt/ YAP1 3’-UTR mt in 293T 
cells treated with miR-433 mimic or miR-433 inhibitor; C, D: YAP1 protein expression in LN382 cells and AM38 cells 
treated with miR-433 mimics or mimics NC; E: mRNA level of CTGF in glioma cells treated with miR-433 mimics.
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and negative correlation between the expres-
sion of YAP1 and miR-433 indicate that miR-
433 is a candidate miRNA which can regulate 
the YAP1 expression.

MiR-433 directly down-regulates the YAP1 ex-
pression

To verify the relationship between miR-433 
and YAP1, dual-luciferase reporter assay was 
used. For cells treated with pmirGLO-YAP1 
3’-UTR-wt, the relative luciferase activity was 
obviously decreased when cells cotransfected 
with miR-433 mimics (P < 0.01) and, in con-
trary, it was significantly increased when cells 
cotransfected with miR-433 inhibitor (P < 
0.01). For cells treated with pmirGLO-YAP1 

3’-UTR-mut, which didn’t match to the miR-433 
sequence (Figure 2A), the relative luciferase 
activity showed no difference between differ-
ent treatments (Figure 2B). Furthermore, the 
YAP1 protein expression and the downstream 
target CTGF expression in glioma cell lines 
LN382 and AM38 were both degraded signifi-
cantly when treated with miR-433 mimics (P < 
0.01) (Figure 2C-E). These suggest YAP1 is a 
direct target gene of miR-433 and can be down-
regulated by miR-433.

MiR-433 inhibits glioma cells proliferation and 
promotes apoptosis

CCK-8 assay was performed to detect the 
effect of miR-433 on glioma cells viability. The 

Figure 3. Overexpression of miR-433 inhibits the glioma cells proliferation and promotes cells apoptosis. A, B: Cell 
viability detection of LN382 and AM38 treated with miR-433 mimics or mimics NC using CCK-8 assay; C, D: Cell 
apoptosis detection of LN382 and AM38 treated with miR-433 mimics or mimics NC using flow cytometry.
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results showed that both LN382 cells and 
AM38 cells were growth slowly when treated 
with miR-433 mimics compared with cells 
treated with mimics NC, the difference was 
more obvious over the 5 days period (Figure 3A 
and 3B). The apoptosis of LN382 cells and 
AM38 cells treated with miR-433 mimics were 
evaluated using AnnexinV-FITC apoptosis 
detection kit and flow cytometry. The results 
showed that the cells apoptosis portions of 
LN382 cells and AM38 cells were all signifi-
cantly increased when treated with miR-433 
mimics compared to cells treated with mimics 
NC (Figure 3C and 3D). These results indicate 
that miR-433 can inhibit glioma cells prolifera-
tion and promote cell apoptosis.

MiR-433 inhibits glioma cells migration and 
invasion

In addition, the effects of miR-433 on glioma 
cells migration and invasion were evaluated 
using wound-healing assay and transwell assay, 
respectively. As shown in Figure 4A, when the 
wounds were created for 48 h, LN382 cells and 

AM38 cells were both migrated towards to the 
wound, but the migration rate of cells treated 
with miR-433 mimics was reduced compared 
to that of cells treated with mimics NC. Similarly, 
the invaded cell number of LN382 cells and 
AM38 cells treated with miR-433 mimics was 
both decreased significantly compared to that 
of cells treated with mimics NC (P < 0.01) 
(Figure 4B). These results demonstrate that 
miR-433 can suppress glioma cells migration 
and invasion.

Discussion 

Dysregulation of miRNAs and oncogenes over-
expression have been proved in many tumors 
and many miRNAs play important roles in tumor 
growth and metastasis. MiR-33a, a tumor sup-
pressor, is downregulated in hepatocellular car-
cinoma cells and can directly downregulates 
the β-catenin expression to suppress the cell 
growth [21]. MiR-448 is also downregulated in 
several cancers and plays a role as a tumor 
suppressor; miR-448 can suppress the colorec-
tal cancer cells proliferation, migration and 

Figure 4. Overexpression of miR-433 inhibits the glioma cells migration and invasion. A: Cell migration ability evalu-
ation of LN382 and AM38 treated with miR-433 mimics or mimics NC using wound-healing assay; B: Cell invasive 
ability evaluation of LN382 and AM38 treated with miR-433 mimics or mimics NC using transwell assay.
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invasion through inhibiting protooncogene 
IGF1R [22]. YAP1 is a transcription co-activator 
which promotes cell proliferation and inhibits 
apoptosis [1]. YAP1 is also overexpressed in 
many types of cancers including gliomas and 
functions as an oncogene involving in oncogen-
ic transformation and epithelial-mesenchymal 
transition [16]. In this study, we demonstrated 
the overexpression of YAP1 in glioma tissue 
and the negative correlation between YAP1 
expression and miR-433 expression in glioma 
tissues, which suggests downregulation of miR-
433 may elevate the YAP1 expression and pro-
mote the glioma development. 

Furthermore, we indicated that YAP1 is a target 
gene of miR-433 and be downregulated by miR-
433 in glioma cells. In addition, the expression 
of CTGF was also decreased in glioma cells 
when downregulation of YAP1, and CTGF as a 
downstream factor of YAP1 involves in cell 
growth [1]. Our founding indicates that miR-
433 not only regulate the YAP1 expression but 
also influence the YAP1 signaling involving in 
cell growth.

MiR-433 has been shown as a tumor suppres-
sor in gastric cancer [23], liver cancer [24] and 
myeloproliferative neoplasms [19]. MiR-433 is 
also downregulated in bladder cancer tissues 
and inhibits the bladder cancer cells prolifera-
tion, migration and invasion [20]. MiR-433 is 
also known be associated with the poorer sur-
vivals ovarian cancer [25], and the targets of 
miR-433 are closely related to cancer [26-28]. 
Overexpression of miR-433 in glioma cells sup-
pressed the cell viability, migration and inva-
sion but promoted cell apoptosis in this study 
indicating miR-433 may also be a tumor sup-
pressor in glioma. YAP1 is a direct target of 
miR-433 in this study, and GRB2, TYMS, CREB1 
and HDAC6 are also the target of miR-433 in 
gastric carcinoma, HeLa cells, liver cancer cells 
and hepatocellular carcinoma cells, respective-
ly. So miR-433 may be closely correlated with 
tumor development, and more studies should 
be performed to reveal the action mechanism 
of miR-433 in cancer.

Conclusion

In summary, we show the decreased expres-
sion of miR-433 in glioma tissues with increas- 
ed expression of YAP1 and miR-433 may inhibit 
the proliferation, migration and invasion of glio-
ma cells through suppressing the YAP1 expres-

sion. Our results indicate the important role of 
miR-433 in inhibiting glioma cells viability and 
the potential application of miR-433 in glioma 
therapy.
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