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Abstract: Glioblastoma (GBM) is the most frequent, aggressive and fatal tumor in the central nervous system, 
while PTEN signaling is frequently deregulated in human GBM. We previously reported the up-regulation of the car-
boxyl terminal of Hsp70-interacting protein (CHIP) in GBM, however, the causal link between its dysregulation and 
tumorigenesis has not been established. Using miRNA microarrays and quantitative RT-PCR (qRT-PCR), we found 
activation of CHIP leads to increased transcription of miR-92b. Further studies in T98G and LN229 cells showed 
overexpression of miR-92b elicited reduction of PTEN and efficiently rescued glioma development in CHIP knock-
down cells. The core pathway, PI3K/Akt pathway, was then upregulated, which promoted GBM cell proliferation. 
Meanwhile, genetic ablation of miR-92b could restore PTEN expression and inhibit glioma growth. These data dem-
onstrate that the CHIP/miR-92b/PTEN axis serves as a new mechanism underlying GBM tumorigenesis, providing 
potential new therapeutic targets.
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Introduction

Glioblastoma (GBM) accounts for approximate-
ly 46 percentage of all primary malignant 
tumors in the brain [1]. Characterized by the 
most aggressive phenotype, GBM almost pres-
ents recurrence, though undergone invasive 
surgery and adjuvant chemotherapy combined 
with radiotherapy [2]. Ultimately, the disease 
follows a fatal course with the median survival 
of 12 to 15 months [3]. Despite new biological 
insights and advances in therapy, the progno-
sis for GBM has not significantly improved [4]. 
Therefore, identifying novel molecular mecha-
nisms, which may be candidates to become 
therapeutic targets, underlying gliomagenesis 
is urgently needed for developing more effec-
tive treatment strategies.

Carboxyl-terminal of Hsp70-interacting protein 
(CHIP), an E3 ubiquitin ligase, functions to ubiq-
uitinate and degrade proteins presented by 
chaperones, which plays a major role in main-
taining the protein homeostasis in the cyto-

plasm [5]. Recent studies have shown that CHIP 
acts as a tumor suppressor through regulating 
oncogenic proteins such as epidermal growth 
factor receptor (EGFR) in pancreatic cancer [6], 
steroid receptor coactivator 3 (SRC3) in breast 
cancer [7], and androgen receptor in prostate 
cancer [8]. Moreover, CHIP levels are predomi-
nantly downregulated in late stages of various 
types of cancer, including colorectal cancer and 
breast cancer [7, 9]. Contrarily, we previously 
reported that CHIP contributed to oncogenesis 
of glioma and its increased expression was 
related to high histological grade of glioma  
[10]. However, the exact mechanisms of CHIP  
in GBM have not been elucidated to date.

microRNAs (miRNAs), single-stranded non-cod-
ing small RNAs of approximately 22 nucleotides 
in length, regulate gene expression via directly 
targeting the 3’-untranslated region at the  
posttranscriptional level, which can play impor-
tant roles in regulating cell growth, differentia-
tion, proliferation and apoptosis [11, 12]. 
Dysregulation of miRNAs has been found to be 
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a common epigenetic event in the development 
of various cancers including GBM [13-18].

To search for the downstream of CHIP in the 
tumorigenic processes of GBM, we determined 
to identify miRNAs that possibly are regulated 
by CHIP. In the present study, we found that 
miRNA-92b expression significantly decreased 
when CHIP was inhibited and up-regulated  
miRNA-92b enhanced proliferation of GBM 
cells. Coincidently, several studies have found 
over-expression of miRNA-92b in malignant  
glioma, and it could promote glioma prolifera-
tion and invasion [19-21]. However, its role of 
miR-92b in the initiation and progression of 
GBM is also not fully explored. 

In our bioinformatics analysis, PTEN was found 
to contain the miR-92b binding site. As a tumor 
suppressor gene, PTEN primarily functions by 
negatively regulating PI3K/Akt signaling [22]. 
Loss of PTEN is a very frequent event in GBM, 
which finally conduces to the activation of the 
PI3K/Akt pathway that promotes tumor cell 
proliferation [23]. Our study proved that PTEN is 
a direct target of miRNA-92b. Overexpression 
of miR-92b markedly decreased PTEN and 
stimulated GBM cell proliferation. What’s  
more, genetic ablation of miRNA-92b restored 
PTEN expression and effectively contributed  
to cell-growth inhibition. Thus, we provided  
new insight into the interaction between miR-
NAs and PTEN, and these findings may lay a 
foundation for novel molecular targeted thera-
peutic approaches in GBM.

Materials and methods

Tissue samples

All samples for RNA detection were obtained 
from Changzheng Hospital in Shanghai, China. 
The study protocol and acquisition of tissue 
specimens were approved by the Specialty 
Committee on Ethics of Biomedical Research, 
Second Military Medical University. Tumor sam-
ples and adjacent non-tumor tissues were  
collected between September 2012 and 
December 2014 from patients with pathologi-
cally confirmed GBM who underwent surgical 
treatment at Changzheng Hospital. Either the 
patients or their legal guardians signed the 
written informed consent following National 
Regulations on the Use of Clinical Samples in 
China.

Cell transfection

miR-92b mimic (sense, 5’-UAUUGCACUCGU- 
CCCGGCCUCC-3’; antisense, 5’-GGA GGCCG- 
GGACGAGUGCAAUA-3’), miR-92b control (miR-
con, sense, 5’-UUG UACUACACAAAAGUACUG-3’; 
antisense, 5’-CAGUACUUUUGUGUAGUACAA-3’), 
miR-92b inhibitor (anti-miR-92b, 2’-O-Me-GGA- 
GGCCGGGACGAGUGCAAUA), miR-92b inhibitor 
control (anti-miR-con, 2’-O-Me-UUG UACUAC- 
ACAAAAGUACUG), PTEN short interfering RNA 
(siRNA) (sense, 5’-AACCCACCACAGCUAGAACtt- 
3’; antisense, 5’-AAGUUCUAGCUGUGGUGGGtt- 
3’), PTEN control siRNA (scramble siRNA, 
sense, 5’-UUCUCCGAACGUGUCACGUtt-3’; anti-
sense, 5’-ACGUGACACGUUCGGAGAAtt-3’), Akt 
siRNA (sense, 5’-GACGGGCACAUUAAGAUCAtt- 
3’; antisense, 5’-UGAUCUUAAUGUGCCCGUC- 
tt-3’), and Akt control siRNA (Akt siR-con, sen- 
se, 5’-UUCUCCGAACGUGUCACGUtt-3’; anti-
sense, 5’-ACGUGACACGUUCGGAGAAtt-3’) were 
purchased from GenePharma Corporation 
(Shanghai, China). CHIP shRNA plasmid and  
its normal control (NC) have been described 
previously [10]. The construct that was used  
for PTEN expression was pcDNA3.1(+)-PTEN. 
The coding sequence of the PTEN gene was 
amplified from the cDNA of T98G cells (forward  
primer, 5’-CCGGAATTCATGACAGCCATCATCAAA- 
GAGATCG-3’; reverse primer, 5’-CCGCTCGA- 
GTCAGACTTTTGTAATTTGTGTATGC-3’) and in- 
serted into the pcDNA3.1(+) vector between 
the EcoR I and Xho I restriction sites (Invi- 
trogen, USA).

miRNAs and siRNAs, as well as PTEN expres-
sion vector, were transfected into cultured  
glioma cells including U251, U87, LN229 and 
T98G (Type Culture Collection of Chinese 
Academy of Science, Shanghai, China) with  
the use of Lipofectamine 2000 (Invitrogen) 
according to the manufacturer’s instructions. 
Lentivirus carrying the shRNA against CHIP  
was then used to infect glioma cells in the  
presence of 4 μg/ml polybrene (Sigma-Aldrich, 
USA) as previously described [24].

Quantitative RT-PCR

Glioma cells were harvested for total RNA 
extracting using the Trizol reagent (Invitrogen) 
according to the manufacturer’s instructions. 
Subsequently, cDNA was prepared with M-MLV 
kit (Promega, USA). Quantitative RT-PCR was 
performed in triplicates using SYBR Green 
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Master Mix (Takara, Japan) on 7500 Fast Real-
Time PCR system (Applied Biosystems, Life 
Technology, USA). Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) and small nuclear 
RNA U6 was used as internal controls of mRNA 
and miRNA, respectively. The sequences of 
reverse transcription primer were miR-92b:  
5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC- 
ACTGGATACGACGGAGGCC-3’ and U6: 5’-AACG- 
CTTCACGAATTTGCGT-3’. The primers used  
are as follows: CHIP forward primer, 5’-AGC- 
AGGGCAATCGTCTGTTC-3’ and reverse primer, 
5’-CAAGGCCCGGTTGGTGTAATA-3’; miR-92b for-
ward primer, 5’-TATTGCACTCGTCCCGGCCTCC- 
3’ and reverse primer, 5’-GTGCAGGGTCCG- 
AGGT-3’; GAPDH forward primer, 5’-AACGGA- 
TTTGGTCGTATTG-3’ and reverse primer, 5’-GG- 
AAGATGGTGATGGGATT-3’; U6 forward primer, 
5’-CTCGCTYCGGCAGCAC-3’ and reverse primer, 
5’-AACGCTTCACGAATTTGCGT-3’. 

miRNA microarray

T98G cells were treated with shCHIP (CHIP 
knockdown) or control shRNA and cultured  
for 48 h. Then, total miRNA was extracted using 
the mirVana miRNA Isolation Kit (Ambion, USA). 
miRNA microarray analysis was performed at 
KangChen Bio-tech Corporation (Shanghai, 
China) by an Agilent human miRNA microarray 
(Version 19.0). Data acquisition and analysis 
followed standard Agilent protocols. miRNAs 
with fold change >2 were considered to be  
differentially expressed between CHIP knock-
down and control.

Western blot

Whole cell lysates were extracted from glioma 
cells with radio-immunoprecipitation assay  
buffer. The lysates were resolved by SDS-PAGE 
and blotted with CHIP (C3B6) Rabbit mAb (Cell 
Signaling Technology, USA), PTEN (138G6) 
Rabbit mAb (Cell Signaling Technology), 
Phospho-Akt (Ser473) Antibody (Cell Signaling 
Technology), Akt Antibody (Cell Signaling 
Technology), Phospho-mTOR (Ser2448) Anti- 
body (Cell Signaling Technology), Phospho-p70 
S6 Kinase (Thr389) Antibody (Cell Signaling 
Technology), Phospho-4E-BP1 (Ser65) Antibody 
(Cell Signaling Technology), and Survivin 
(71G4B7) Rabbit mAb (Cell Signaling Tech- 
nology). GAPDH (14C10) Rabbit mAb (Cell 
Signaling Technology) was used as an internal 
control. The blots were visualized by an 

enhanced chemiluminescence detection sys-
tem (Thermo Scientific, USA).  

MicroRNA target prediction

The target genes of miR-92b were predicted in 
the following databases through computer-aid-
ed algorithms: miRTarBase (http://mirtarbase.
mbc.nctu.edu.tw), miRDB (http://mirdb.org) 
and microRNA (http://www.microrna.org).

TCGA data processing 

TCGA (www. cancergenome.nih.gov) provides 
multimodal data of more than 500 GBM cases. 
Level 3 microRNA expression data based on 
the Agilent microarrays (UNC H-miRNA 8 × 15 
K) and clinical follow-up information were col-
lected for further analysis. The expression of 
miR-92b expression was classified as either 
High (expression value ≥7.70) or Low (expres-
sion value <7.70). OS and progression-free sur-
vival (PFS) were calculated in days from the 
date of diagnosis to the time of death and to 
the time of tumor progression or recurrence, or 
death of the patient from GBM, respectively.

Luciferase reporter assay

The wild-type and mutated putative miR-92b 
target on PTEN 3’UTR were cloned into the 
pMIR-Report-Luc vector (Ambion) and trans-
fected into T98G and LN229 cells. After 24 
hours of culture, the cells were further trans-
fected with miR-92b mimic or negative control 
and incubated for another 48 hours. The cells 
were then lysed and luciferase activity was 
detected using the dual Luciferase Report 
Assay System (Promega).

Cell proliferation assay

Cells in the logarithmic phase of growth were 
seeded and cultured in 96-well plates at 3 × 
103 cells per well in 100 μl media and were 
allowed to grow for 24, 48, 72, and 96 hours. 
Cell proliferation assay was analyzed by MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide). A diluted MTT (5 mg/mL, 20 
μl) (Sigma-Aldrich) was added to each well, and 
the cells were incubated at 37°C. After 4  
hours, the cells were resuspended in 150 μl  
of Dimethyl sulfoxide (DMSO) and shaken for 
several minutes. The optical density was mea-
sured at 570 nm wavelength using a microplate 
reader (EL × 800, BIO-TEK, USA).
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Colony formation assay

Colony formation was assessed by plating 
1000 cells onto 6-well tissue culture plates. 
After 10-14 days, visible colonies were fixed 
with 100% methanol and stained with Giemsa’s 
stain (Sigma-Aldrich). Colony-forming ability 
was evaluated by counting the number of  
colonies (defined as cell cluster consisting of  
at least 50 cells).

Cell cycle analysis

Cells in the logarithmic phase of growth were 
harvested, washed with phosphate-buffered 
saline (PBS), and fixed with 70% ice-cold etha-
nol. After extensive washing, cells were re- 
suspended in PBS containing 25 mg/mL prop-
idium iodide (Sigma-Aldrich), 10 mg/mL RANse 
(Sigma-Aldrich) and 0.1% Triton (Sigma-Aldrich), 
followed by incubation for 30 minutes in the 
dark. The fractions of viable cells in G0/G1, S 
and G2 phases of the cell cycle were analyzed 
by flow cytometry using a FACScan instrument 
(Becton Dickinson, USA).

Cell apoptosis analysis

Cells were plated into 6-well plates at 6 × 104 
cells per well. Forty-eight hours after transfec-
tion, the cells were harvested and washed  
with PBS. Cellular apoptosis was evaluated  
by flow cytometry using annexin V-FITC apopto-
sis detection kit (BD Biosciences, USA) as 
described by the manufacturer’s instructions. 

Subcutaneous xenograft models

Immuno-deficient male/female nude mice (4-5 
weeks old) (BALB/c nu/nu; Slac Laboratory 
Animal) were used for subcutaneous tumor 
growth experiments. For each group four mice 
were used. All mice were bred in a suitable envi-
ronment according to standard guidelines 
under a protocol approved by Second Military 
Medical University. 

Briefly, shCHIP-infected and normal LN229 
cells (5 × 106 in 200 μl PBS) were injected sub-
cutaneously into the right flank of 2 groups of 8 
mice. After the xenografts had become visible, 
the size of tumors was measured every week 
with digital caliper. And the simplified formula: 
volume = 1/2 × length × width2 was used to 
calculated approximate tumor volumes. After 

35 days, the mice were sacrificed by decapita-
tion under adequate anesthesia, and the 
tumors were partially fixed for immunohisto-
chemical analysis. 

Immunohistochemistry

The xenograft tumors were fixed in formalin, 
and then embedded in paraffin wax. Tissue 
sections (5 μm) on poly-L-lysine-coated slides 
were deparaffinized in xylol and rehydrated 
using graded ethanol. Peroxidase was 
quenched with methanol and 3% H2O2. Slides 
were then placed in 10 mM citric acid (pH 6.0) 
for 12 minutes at 100°C. After incubation with 
a 1:500 dilution of Ki67 antibody (Abcam, USA) 
overnight at 4°C, sections were subject to  
secondary antibody incubation with linked 
reagent at room temperature for 1 hour. For  
the negative control, the primary antibody was 
replaced with PBS. The antigen-antibody com-
plex was detected by using diaminobenzidine 
(DAB) substrate. The sections were then coun-
terstained with hematoxylin and eosin (H&E). 
The evaluation of Ki67 expression was based 
on both staining intensity and percentage of 
positive cells in the total number of tumor cells.

Statistical analysis

All statistical tests were conducted using the 
SPSS software (Version 17.0, Chicago, IL, USA). 
The significance of the differences between 
groups was evaluated by the Student t-test and 
two-way ANOVA. Data were presented as the 
mean ± SD unless otherwise indicated. The 
expression level of miR-92b related to cumula-
tive survival of GBM patients was described by 
the Kaplan-Meier method and analyzed by log-
rank test. A level of P<0.05 was considered to 
be statistically significant.

Results

miR-92b expression is decreased in shCHIP 
glioma cell lines

Our previous study has demonstrated that  
CHIP could contribute to human glioma tumori-
genesis, overexpression of CHIP significantly 
increased proliferation of glioma cells [10]. To 
explore the role of miRNAs in glioma formation 
caused by variant expression of CHIP, we first 
constructed Agilent microarrays and compared 
miRNA expression profiles between shCHIP  
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and controlled T98G cells (Figure 1A). Among 
all deregulated miRNAs, miR-92b showed a 
dramatic decrease for 26 folds after CHIP inhi-
bition, which was further confirmed by real-time 
quantitative PCR (RT-PCR) in four glioma cell 
lines (U251, U87, LN229 and T98G) (Figure 
1B). As LN229 and T98G cells showed the high-
est rate of inhibition of miR-92b expression 
induced by shCHIP treatment, and ideal resto-

ration of the expression of miR-92b when treat-
ed with shCHIP and miR-92b mimic (Figure 1C), 
the two cell lines were then used for future 
experiments.

Further, overexpression of miR-92b was per-
formed in shCHIP glioma cell lines (LN229 and 
T98G), and the expression pattern of CHIP was 
detected by western blot. However, no changes 

Figure 1. miR-92b is regulated by CHIP in GBM cells. A. Clustering map of differentially expressed miRNAs between 
normal T98G cells (n = 2) and shRNA treated T98G cells (n = 2). Upregulated miRNAs are shown in red and down-
regulated miRNAs in green. B. Comparison of relative expression of miR-92b in four glioma cell lines treated with 
shCHIP. C. Detection of relative expression of miR-92b in T98G and LN229 with different treatments, respectively. 
RT-PCR shows high rate of inhibition of miR-92b expression, and miR-92b mimic can ideally restore downregulation 
of miR-92b induced by shCHIP. D. Western blot analysis of CHIP in T98G and LN229 cells transfected with NC or 
shRNA or shRNA and miR-92b mimic after 48 h; GAPDH was used as an internal control.
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were found in CHIP protein level after increas-
ing miR-92b (Figure 1D). These results in- 
dicated that miR-92b might be involved in the 
downstream and regulated by CHIP.

miR-92b is highly expressed in glioma samples 
and associated with patient survival

The expression of miR-92b in patient samples 
was studied by RT-PCR in paired human GBM 
samples and adjacent non-tumor tissues from 
6 patients. As a result, a six-fold higher expres-
sion of miR-92b was found in GBM samples 
compared with adjacent non-tumor tissues 
(P<0.01) (Figure 2A). We further studied the 
relationship between miR-92b expression and 
clinical characteristics. By searching TCGA 
database, we have collected 519 GBM cases 
with available microRNA expression data plus 
matching clinical follow-up information. Kaplan-
Meier analysis (log-rank) found that high 
expression of miR-92b was significantly related 
to short OS of GBM patients (median OS, 357 
vs. 393 days, P = 0.029) (Figure 2B). Though  
no statistically significant result was got for 
PFS, there was still a moderate difference 
between high and low miR-92b subgroups 
(median PFS: 195 days vs. 214 days, P = 0.100) 
(Figure 2C). Together, these showed the poten-
tial impact of miR-92b on malignant behaviors 
of human glioma.

miR-92b enhances proliferation and colony 
formation and inhibits cell cycle arrest and 
apoptosis in shCHIP glioma cells 

To assess the role of miR-92b in the growth of 
human glioma cells after CHIP inhibition, we 

performed MTT assays to examine the cell pro-
liferation of LN229 and T98G. As shown in 
Figure 3A and 3B, shCHIP treatment signifi-
cantly suppressed both LN229 and T98G cells 
growth by 30-50% compared to negative  
controls. However, when overexpressing miR-
92b, shCHIP treatment glioma cells displayed 
an evident increase in cell numbers. Con- 
sistently, a soft agar colony formation assay 
revealed that down-regulation of miR-92b by 
shCHIP resulted in a ~80% reduction in colony 
numbers, while stable overexpression of miR-
92b restored the colony formation ability in 
both LN229 and T98G cell lines (Figure 3C). 
Flow cytometric analysis showed that miR- 
92b could inhibit both G1 arrest (Figure 3D) 
and cell apoptosis induced by shCHIP treat-
ment (Figure 3E).

miR-92b targets PTEN in glioma and re-
introduction of PTEN abrogates the miR-92b-
induced effects on cell proliferation

The previous results showed that CHIP regulat-
ed miR-92b expression during glioma tumori-
genesis. To dissect the potential mechanism 
and identify the specific gene targets of miR-
92b, we searched public miRNA target predic-
tion databases (miRTarBase, miRDB, and 
microRNA). Bioinformatics analysis revealed 
that the 3’-UTRs of PTEN contain evolutionarily 
conserved miR-92b-binding sites (Figure 4A). 
As a result, the miR-92b mimic significantly 
inhibited the luciferase reporter activities of  
the wild-type 3’-UTR constructs of PTEN in  
both LN229 and T98G cells, but not the mu- 
tant 3’-UTR constructs containing mutations  

Figure 2. miR-92b expression is increased in GBM tissues and correlated to patient survival. A. Compared with the 
normal brain tissues, GBM samples exhibits high expression of miR-92b (P<0.01). B, C. Based on TCGA database, 
Kaplan-Meier survival analysis in 519 GBM cases stratified by miR-92b expression shows high level of miR-92b 
predicts a significantly short OS (357 vs. 393 days, P = 0.029) and a short PFS without statistical significance (195 
days vs. 214 days, P = 0.100).
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in the complementary seed site (Figure 4A  
and 4B). Also, overexpression of miR-92b mark-
edly decreased the expression level of PTEN, 

while anti-miR-92b clearly increased the  
concentration of PTEN proteins (Figure 4C). 
Furthermore, knockdown of PTEN using siRNA 

Figure 3. miR-92b is involved in the downstream of CHIP, contributes to GBM cell growth. A, B. The effects of miR-
92b on glioma cells are measured via a MTT assay. shCHIP significantly inhibits T98G and LN229 cell proliferation, 
which can be reversed by miR-92b. The results are presented as the mean ± SD of the values obtained in three 
independent experiments (*P<0.05, shCHIP vs. NC; shCHIP vs. shCHIP+miR-92b). C. The proliferation ability of 
miR-92b overexpression in shCHIP glioma cells is examined by clonogenic cell survival assay. D. Overexpression of 
miR-92b can inhibit G1 arrest of glioma cells induced by shCHIP. E. The apoptosis of T98G and LN229 cells induced 
by shCHIP is significantly inhibited by the miR-92b mimic.
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greatly induced T98G cell growth. Anti-miR-92b 
rescued the PTEN-overexpressing phenotype 
of cell growth inhibition (Figure 3D), support- 
ing the dominant role of PTEN in miR-92b- 
mediated proliferation enhancement in glioma 
cells. Taken together, these data demonstrated 
that miR-92b promoted glioma cell proliferation 
by inhibiting its target PTEN.

CHIP/miR-92b/PTEN axis promotes prolif-
eration and inhibits apoptosis of glioma cell 
through regulating the activity of PI3K/AKT 
pathway

It has been established that PTEN is the core 
molecular which negatively modulates the 
activity of PI3K/AKT pathway, one of the most 
important pathways in the oncogenesis of 
GBM. We wonder the changes of the current 
studied CHIP/miR-92b/PTEN axis might influ-
ent the activity of PI3K/AKT pathway. As ex- 
pected, Western blot revealed a consistent 

activation of the PI3K/AKT pathway after PTEN 
deficiency caused by miR-92b overexpression 
or direct PTEN RNAi (Figure 5A). Then some key 
factors involved in the PI3K/AKT pathway 
including p-AKT, p-mTOR, p-p70S6K, p-4E-BP1 
and survivin were chosen as downstream can-
didates. Since AKT acts as a main downstream 
effector of PTEN in this pathway, we would like 
to detect further whether the phenomena was 
directly caused by the activation of AKT by 
PTEN deficiency. We changed the expression 
pattern of AKT in LN229 cells using siRNA 
(Figure 5B), and then MTT and flow cytometric 
analysis were applied to detect the prolife- 
ration and apoptosis of this cell line (Figure 5C 
and 5D). After AKT inhibition, the CHIP/miR-
92b/PTEN axis could no longer maintain the 
proliferative and anti-apoptotic abilities, which 
supported that AKT was the direct effector of 
this axis and contributed to the oncogenesis of 
human glioma.

Figure 4. miR-92b targets PTEN. A. The predicted miR-92b binding sequence in the 3’UTR of PTEN mRNA is shown. 
Mutations are generated in the PTEN 3’UTR sequence at the complementary sites for the seed regions in miR-92b. 
B. Luciferase activity assays are performed in T98G and LN229 cells transfected with pGL3-wild-PTEN 3’UTR or 
pGL3-mutant-PTEN 3’UTR tighter with miR-92b or miRNA control or anti-miR-92b or anti-miRNA control (*P<0.05; 
**P<0.01; ***P<0.001). C. Western bolt analysis of PTEN expression in T98G and LN229 cells transfected with 
miR-92b or miRNA control or anti-miR-92b or anti-miRNA control after 48 h; GAPDH was used as an internal control. 
D. MTT assay is used to measure proliferation ability of T98G cells treated with miR-92b or PTEN siRNA or miR-92b 
and PTEN or their respective control. PTEN inhibition significantly decreases the rate of T98G cell growth, and miR-
92b promotes glioma cell growth, while PTEN overexpression abrogates miR-92b-induced glioma cell rapid growth 
(*P<0.05, PTEN siRNA vs. scramble siRNA; miR-92b vs. miR-con; miR-92b+PTEN vs. miR-92b+vector).
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CHIP/miR-92b/PTEN axis enhances tumor 
growth in vivo

Given the fact that CHIP/miR-92b/PTEN axis 
could improve proliferation and colony forma-
tion, we examined the effect of this axis on  
glioma cell growth in vivo. LN229 cells with or 
without shCHIP were injected subcutaneously 
into nude mice, and xenograft tumors were 
taken out and measured 35 days later. The 
expressions of CHIP, miR-92b, PTEN in tumors 
were detected using RT-PCR or western blot.  
As shown in Figure 6A, shCHIP significantly 
slowed tumor growth speed in mice. Mean- 

while, shCHIP treatment also led to downregu-
lation of miR-92b and upregulation of PTEN 
(Figure 6B and 6C). Compared to the control, 
immunohistochemistry revealed a lower Ki67 
index in shCHIP tumors (Figure 6D). These 
results indicated that CHIP/miR-92b/PTEN 
could efficiency inhibit tumor growth in a nude 
mouse model.

Discussion

Extensive studies have revealed that CHIP may 
play multi-faceted roles in cancer depending 
upon its types and status of progression [25]. 

Figure 5. PI3K/AKT pathway activity is associated with CHIP/miR-92b/PTEN axis. A. Western blot analysis is per-
formed to detect activity of several proteins involved in PI3K/AKT pathway when CHIP or PTEN inhibition or miR-92b 
overexpression; GAPDH is used as an internal control. B. AKT expression and its activity in LN229 cells are analyzed 
by Western blot when AKT and miR-92b expression are changed together or separately. C, D. In different conditions 
of AKT and miR-92b expression pattern, proliferation ability and apoptosis of LN229 cells are measured by MTT as-
say and flow cytometry. AKT inhibition offsets the effect on glioma cell growth induced by miR-92b overexpression, 
and re-introduction of miR-92b can abrogate the AKT inhibition induced effect on glioma cell apoptosis (*P<0.05, 
miR-92b+Akt siRNA vs. miR-92b+siR-con; miR-92b+Akt siRNA vs. miR-con+Akt siRNA).
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In our previous study, we found that CHIP was 
accumulated in malignant glioma and contrib-
uted to the oncogenesis [10], but the detailed 
mechanism was not very clear. Here, we 
showed that CHIP could positively regulate  
miR-92b expression, which was a direct nega-
tive regulator of PTEN, the most important 
tumor suppressor in the process of glioblasto-
ma onset, and thereby activate the PI3K/Akt 
pathway, thus promote cancer cell growth [26]. 
The consistent results could be found both in 
vitro and in vivo. To our knowledge, this CHIP/
miR-92b/PTEN axis involved in gliomagenesis 
has never been reported before.

miR-92b was frequently reported as significant-
ly upregulated in GBM compared with normal 
brain tissues, and overexpression of miR-92b 

increased cell proliferation, which was consis-
tent with our findings [19-21, 27]. Moreover, 
miR-92b expression was positively correlated 
with the degree of glioma infiltration and nega-
tively associated with overall survival in high-
grade glioma [20]. Several miRNA database 
algorithms predicted that miR-92b had mul- 
tiple potential targets among which were  
many tumor suppressors such as NLK, smad3,  
DDK3 and PTEN (http://mirdb.org, http://mir-
tarbase.mbc.nctu.edu.tw, http://cm.jefferson.
edu/rna22/). It was just as NLK, smad3 and 
DDK3 were confirmed as direct targets of miR-
92b in glioma [19-21], the interaction between 
PTEN and miR-92b was also verified by a dual 
luciferase reporting assay in our study. With a 
critical role in the regulation of diverse cellu- 
lar processes, such as proliferation, survival, 

Figure 6. miR-92b and PTEN are involved in CHIP-mediated glioma growth in vivo. A. The in vivo glioma cell growth of 
LN229 was determined by xenograft model assay, shCHIP and control cells are transplanted into nude mice. Tumor 
growth curves represented by tumor weight are shown. Each experiment was performed in triplicate, and the results 
are presented as the mean ± SD of the values (*P<0.05, shCHIP vs. NC). B. RT-PCR shows miR-92b expression in 
two different groups of xenograft glioma samples. C. Western blot analysis reveals low expression of CHIP and high 
PTEN expression in shCHIP tumors; GAPDH is used as an internal control. D. Representative immunohistochemical 
staining of Ki-67-stained cells from the indicated tumors. Lower level of Ki-67 is observed in tumors from the shCHIP 
group compared with those from control group.
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growth, DNA repair, and genomic stability,  
PTEN demands tight regulation [28-31]. It  
has previously been shown that PTEN protein 
could transiently associate with the molecular 
chaperones and thereby got diverted to the 
degradation pathway through its interaction 
with CHIP, and overexpression of CHIP contrib-
uted to elevated ubiquitination and a short-
ened half-life of endogenous PTEN [32]. Our 
study elaborated an additional mode of  
molecular interaction between CHIP and PTEN. 
Thus it could be seen that PTEN was strictly 
regulated by CHIP both at the protein and  
mRNA levels.

However, we found that in our study overex-
pression of miR-92b markedly decreased 
PTEN, while miR-92b inhabitation could dra-
matically increase the concentration of PTEN 
protein, which implied that CHIP/miR-92b/
PTEN axis might be the predominant pattern 
regulating PTEN triggered by CHIP in glioma. 
Recently, CHIP was identified to play a novel 
role in cardio-protection through ERK5 activa-
tion regulating CHIP-mediated inducible cAMP 
early repressor (ICER) ubiquitination and  
degradation [33]. As known, ERK5 associated 
with CHIP via CHIP-Fr2 and CHIP-Fr3 frag- 
ments, among which the latter one contains  
a U-box domain that is essential for ubiquitina-
tion activity [5]. They thought that ERK5 could 
bind to this region of CHIP and alter its protein 
conformation and consequently increased its 
ubiquitin ligase activity for ICER ubiquitination 
[33]. So it’s reasonable to speculate that in  
glioma one or more specific molecules binding 
to CHIP may affect CHIP enzyme activity 
through a conformational change, and then 
prevents CHIP-mediated ubiquitination and 
degradation of PTEN protein. Nevertheless, 
this protein-protein interaction does not have 
much effect on the expression of miR-92b. 
Further investigations are needed to demon-
strate the exact mechanism. 

Collectively, our study determined that CHIP 
acted as an oncogene and contributed to glio-
magenesis, and identified the unusual CHIP/
miR-92b/PTEN regulatory network, in which 
CHIP controlled glioma proliferation and  
growth through PTEN/PI3K/AKT signaling via 
up-regulation of miR-92b. We believe that  
therapeutics targeting the CHIP/miR-92b/ 
PTEN axis will expand strategies for the treat-
ment of glioma.
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