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Abstract. Epidermal growth factor receptor (EGFR) signaling 
regulates glioblastoma cell proliferation, survival, migra-
tion and invasion and plays a key role in tumor progression. 
We show that microRNA-7 (miR-7) is a common regulator 
of the phosphoinositide-3-kinase (PI3K)/ATK and Raf/
mitogen-activated protein kinase kinase (MEK)/extracel-
lular signal-regulated kinase (ERK) pathways, both of which 
are launched by EGFR through its two direct targets, the 
transcription factors PI3K and Raf-1, respectively. Enforced 
expression of miR-7 markedly decreased expression of PI3K, 
phosphorylated Akt, Raf-1, phosphorylated MEK 1/2, and 
cyclin D1, as well as slightly reduced expression of EGFR. 
Forced expression of PI3K or Raf-1 transcripts lacking the 
3'-untranslated region (3'-UTR) partially reversed the effects 
of miR-7 on cell growth inhibition and cell cycle arrest in 
glioma cells. Additionally, transient expression of miR-7 in 
glioblastoma cells strongly inhibited in vivo glioblastoma 
xenograft growth. We conclude that miR-7 is a potential 
tumor suppressor in glioblastoma that acts by targeting 
multiple oncogenes related to the downstream pathway of 
EGFR and may serve as a novel therapeutic target for malig-
nant gliomas.

Introduction

Multiple molecular dysfunctions have been associated with 
glioblastoma multiforme (GBM) formation and growth (1-3). 
Among these, EGFR plays a vital role in various aspects of 

malignancy, particularly in tumor cell proliferation, survival  
and metastasis (4,5). Glioma-associated EGFR mutant forms 
show constitutive kinase activity that chronically stimulates 
Ras signaling to drive cell cycle progression and also activates 
the PI3K/AKT pathway to promote cellular proliferation and 
migration (6-8).

MicroRNAs modulate protein expression by binding to the 
3'UTR of mRNA and promoting RNA degradation, inhibiting 
mRNA translation, and affecting transcription (9-12). The 
miR-7 gene is found in most sequenced urbilateria species, 
and the sequence of its mature miRNA product is perfectly 
conserved from annelids to humans, indicating strong func-
tional conservation (13-15). Increasing evidence has indicated 
that miR-7 is a potential tumor suppressor in several human 
breast and non-small cell lung cancers (16,17). However, thus 
far, a limited number of target genes have been identified, and 
the biological function of miR-7 in GBM remains to be further 
elucidated.

miR-7, which is expressed only in normal brain and 
pancreatic tissue, demonstrates a high degree of tissue speci-
ficity (18) and may be an ideal target for cancer therapy. To 
further characterize the potential of miR-7 as a target for 
treating GBM and to clarify its role in the response, we used 
both in vitro and in vivo systems to investigate the effect of 
miR-7 suppression in GBM cell lines. We found that overex-
pression of miR-7 not only suppressed GBM cell proliferation, 
induced cell apoptosis, and inhibited cell migration in vitro but 
also reduced tumorigenicity in vivo. Bioinformatics predic-
tions revealed at least four potential binding sites of miR-7 
in the 3'-UTR of EGFR, PI3K, and Raf-1. Further research, 
however, by luciferase assay, confirmed that the PI3K and 
Raf-1 mRNAs are both direct targets of miR-7, but no clear 
targeting relationship between EGFR and miR-7 was identi-
fied in subsequent experiments. Therefore, we postulate that 
miR-7 inhibits simultaneously the PI3K/ATK and Raf/MEK/
ERK pathways through its two direct targets, the transcription 
factors PI3K and Raf-1, which are both located downstream 
of EGFR. These findings provide a basic rationale for the use 
of miR-7 in the treatment of malignant brain tumors, such as 
GBM.
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Materials and methods

Reagents, animals, and patient tissues. The 2'-O-methyl (2'-O-
Me) oligonucleotides were chemically synthesized by SBS 
Genetech (Beijing, China). The 2'-O-Me oligos were composed 
entirely of 2'-O-Me bases with the following sequences: 
scrambled sequence: 5'-AAGGCAAGCUGACCCUGAAGU-3'; 
2'-O-Me-miR-7: 5'-UGGAAGACUAGUGAUUUUGUUGU-3'. 
The pGL3-WT-EGFR (or PI3K or Raf-1)-3'-UTR-Luc reporter 
was created by ligation of the polymerase chain reaction (PCR) 
products of the 3'-UTR of EGFR (or PI3K or Raf-1) into the 
XbaI site of the pGL3 control vector (Promega, Madison, WI, 
USA). The pGL3-MUT-EGFR (or PI3K or Raf-1)-3'-UTR-Luc 
reporter was generated from pGL3-WT-EGFR (or PI3K or 
Raf-1)-3'-UTR-Luc reporter by deleting the binding site for 
miR-7. BALB/c-A nude mice at 6 weeks of age were purchased 
from the animal center of the Cancer Institute of the Chinese 
Academy of Medical Sciences. All experimental procedures 
were carried out according to the regulations and internal 
biosafety and bioethics guidelines of Tianjin Medical University 
and the Tianjin Municipal Science and Technology Commission. 
Tissue specimens of GBM patients were collected after 
informed consent was received and immediately frozen in 
liquid nitrogen. The patients or their family member agreed 
and signed a consent to enroll in the study.

Cell culture and transfection. The human CHG5 glioblastoma 
cell lines were purchased from Chinese Academy of Sciences. 
Human glioblastoma cell lines TJ899 and TJ905 were estab-
lished and characterized in Tianjin Neurological Institute. All 
cell lines were maintained in Dulbecco's modified Eagle's 
medium (DMEM) (Invitrogen, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum (Invitrogen), 100 U/ml 
penicillin (Sigma, St. Louis, MO, USA), and 100 µg/ml strep-
tomycin (Sigma), at 37˚C with 5% CO2. Oligonucleotides 
(50 nm/l) were transfected into CHG5, TJ899 and TJ905 cells 
at 70% confluence using Lipofectamine 2000 (Invitrogen) 
following the manufacturer's instructions.

MicroRNA array analysis. Total RNA was extracted from 
GBM cells (CHG5, TJ866 and TJ905) and human normal 
glial cells using TRIzol reagent (Invitrogen) for miRNA 
profile examination. The miRNA microarray was obtained 
from CapitalBio Corp. (Beijing, China). Raw data were 
normalized to the normal brain cell RNA level and analyzed 
using the significance analysis of microarrays (SAM) soft-
ware (version 2.1; http://www-stat.stanford.edu/Btibs/SAM, 
Stanford University, Stanford, CA, USA).

Real-time reverse transcription (RT)-PCR. Real-time RT-PCR 
was carried out using the miRNA detection kit (Ambion). 
Amplification was performed for 40 cycles, each consisting 
of 95˚C for 3 min, 95˚C for 15 sec, and 60˚C for 30 sec. Both 
the RT and PCR primers were purchased from Ambion, and 
5S RNA was used for normalization.

Cell viability assay. Cell viability was determined using 
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT, Sigma) assay according to the manufacturer's 
instructions.

Apoptosis assays. Cells were plated in 12-well plates and 
transfected with oligonucleotides. The apoptosis ratio was 
analyzed 24 h after transfection using an Annexin V FITC 
apoptosis detection kit (BD Biosciences, Franklin Lakes, NJ, 
USA) according to the manufacturer's instructions.

Cell cycle analysis. Cells were collected by trypsinization, 
washed in PBS, and fixed in 70% ethanol for 30 min at 4˚C. 
Next, cells were incubated with the DNA-binding dye PI 
(50 µg/ml) and RNase (1.0 mg/ml) for 30 min at 37˚C in the 
dark. Finally, cells were washed, and red fluorescence was 
analyzed by a FACSCalibur flow cytometer (BD Biosciences, 
San Jose, CA, USA) using a peak fluorescence gate to discrim-
inate aggregates.

Cell invasion assessment. Cell invasion abilities were exam-
ined using 6-well Transwell chambers and a reconstituted 
extracellular matrix membrane (BD Biosciences, San Jose, 
CA, USA). After allowing Matrigel polymerization, the cells 
treated with miR-7 mimic or scrambled sequences were added 
to the upper chambers. The migrated cells were counted 
microscopically (x400) in five fields per filter.

Colony formation assay. Colony formation was evaluated as 
described previously (19). Briefly, 250-300 cells were placed 
in a 6-well plate and maintained in DMEM containing 10% 
FBS for 7-14 days. Colonies were fixed with methanol and 
stained with 0.1% crystal violet in 20% methanol for 15 min, 
and representative colonies were photographed.

Luciferase assays. For reporter assays, TJ899 cells were 
transfected with miR-7 mimic or scrambled sequences for 
48 h and subsequently cultured in 96-well plates and trans-
fected with pGL3-WT-EGFR (or PI3K or Raf-1)-3'-UTR-Luc, 
or pGL3-MUT-EGFR (or PI3K or Raf-1)-3'-UTR-Luc. After 
48 h, luciferase assays were performed using the Luciferase 
System kit, and luminescence was measured on a Promega 
GloMax 20/20 luminometer and normalized as previously 
described (20).

Western blotting. Western blotting was performed as previ-
ously described (21). Proteins were incubated with primary 
antibodies against PI3K, Raf-1, and cyclin D1 (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), as well as EGFR, 
p-AKT, and p-MEK1/2 (Zhongshan Bio Corp., Beijing, China) 
followed by incubation with an HRP-conjugated secondary 
antibody (Zymed, San Francisco, CA, USA). Proteins were 
detected using a SuperSignal protein detection kit (Pierce, 
Rockford, IL, USA).

Xenograft tumor assay. Thirty-two mice were randomly 
divided into 4 groups. Glioma subcutaneous model was 
established as previously described (22). A mixture of 
10 µl of Lipofectamine 2000 and 10 µg of oligonucleotides 
was injected into the xenograft tumor model in a multi-site 
injection manner. Mice in the control group received only 
10 µl of Lipofectamine 2000. In the removal group, the 
agents were removed after 10 days of the treatment. Tumor 
growth was monitored by caliper measurement every 
3 days for 25 days. Tumor volume (V) was calculated as 
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follows: V = L x W2 x 0.5; L, length; W, width. Tumor weight 
was detected at the end of the study.

In situ hybridization assay. Using a locked nucleic acid (LNA)-
modified antisense oligonucleotide probe, in situ hybridization 
was performed using the In Situ hybridization kit (Wuhan 
Boster Biological Technology, Ltd., Wuhan, China). After 
sections were prehybridized for 2 h in hybridization liquid, 
they were incubated with 20 µl of LNA-miR-7 hybridization 
solution at 42˚C for 16 h, and Cy3-avidin was used to label 
miR-7 at a concentration of 0.5 mg/ml.

In situ terminal deoxynucleotidyl transferase dUTP nick-
end labeling (TUNEL) analysis. Apoptotic cell death was 
examined by TUNEL analysis using an In Situ Cell Death kit 
(Roche Carolina Inc., Florence, SC, USA) according to the 
manufacturer's instructions.

Immunohistochemistry. The Ki67, EGFR, PI3K, p-AKT-2, 
Raf-1, p-MEK1/2 and cyclin D1 protein levels were deter-
mined by immunohistochemistry as previously described (22).

Statistical analysis. Results were analyzed using the SPSS 
software version 11.0. Data are presented as the mean ± stan-
dard deviation (SD). A P-value of <0.05 was taken to indicate 
statistical significance.

Results

miR-7 expression was detected in normal brain tissue and 
at low levels in glioblastoma. Previous studies have reported 
that miR-7 expression showed high tissue specificity and 
was expressed in only normal brain tissue, normal pancre-
atic tissue, and pancreatic tumor tissue. In glioma cell lines, 
our analysis showed that expression of 7 of the 118 human 

Figure 1. miR-7 is expressed at a low level in GBM cells. (A) Cluster analysis of the miRNA expression profiles of three human GBM cell lines. (B) Real-time 
RT-PCR indicated low miR-7 expression in GBM cell lines. U6 snRNA was used as a loading control.
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miRNAs (5.93%) was more than 2-fold lower, and that of 
11 of 118 (9.32%) 2-fold higher relative to levels in normal 
tissue (Fig. 1A). miR-7 showed the most significant decrease 
relative to normal tissue (6.4-fold), particularly in the TJ899 
GBM cell line (7.9-fold). The miR-7 expression data from 
the microarray analysis were confirmed using quantitative 
RT-PCR (Fig. 1B).

miR-7 inhibits GBM malignancy. We assessed the effects of 
miR-7 on GBM malignancy variables, including cell prolif-
eration, cell cycle, cell death, and cell invasion in three GBM 
cell lines from Chinese patients. We first performed in vitro 
gain-of-function analyses by introducing miR-7 mimics into 
CHG-5, TJ899 and TJ905 cells. The high expression levels of 
miR-7 in all the three cell lines were found to be at least 5 times 
that of the control or scramble group 72 h after the miR-7 
mimics were transiently transfected into the cells (Fig. 2A). 
Ectogenic miR-7 may significantly inhibit cell proliferation in 
a dose- and time-dependent manner (Fig. 2B), induce apop-
tosis (Fig. 2C) and cell cycle arrest (Fig. 2D), and suppress cell 
invasiveness (Fig. 2E) as well as colony formation (Fig. 2F). 
On the third day of the miR-7 mimic transfection at doses of 
25, 50, 100 or 200 nM, the cell proliferation decreased gradu-
ally with the increase in dose. After 2 days of miR-7 mimic 
transfection at 100 nM dose, miR-7 restoration inhibited cell 
proliferation significantly. The miR-7 expression induced 

cell death from 3.6±0.6% to 21.4±2.1% in CHG-5 cells (n=3; 
P<0.05), from 3.7±0.4% to 26.1±1.1% in TJ899 cells (n=3; 
P<0.05), and from 1.8±0.2% to 16.4±0.5% in TJ905 cells (n=3; 
P<0.05). MiR-7 also significantly induced cell cycle arrest and 
increased the G0-G1 fraction in the three Chinese cell lines. 
Moreover, miR-7 restoration also resulted in a remarkable 
increase of cell invasiveness from 73.9±4.0% to 91.7±2.1% in 
CHG-5 cells (n=3; P<0.05), from 67.1±4.4% to 22.5±3.4% in 
TJ899 cells (n=3; P<0.05), and from 68.8±1.1% to 86.4±1.4% 
in TJ905 cells (n=3; P<0.05). Ectogenic miR-7 significantly 
promoted colony formation from 36.9±2.8% to 11.7±2.2% in 
CHG-5 cells (n=3; P<0.05), from 37.4±3.4% to 8.9±1.4% in 
TJ899 cells (n=3; P<0.05), and from 28.8±1.7% to 11.4±1.2% 
in TJ905 cells (n=3; P<0.05).

miR-7 inhibits the expression of PI3K and Raf-1 and binds to 
their 3'-UTR. The TargetScan and Pictar target prediction data-
bases found the 3'-UTR of EGFR (PCT=0.61), PI3K (PCT=0.74), 
and Raf-1 (PCT=0.97) to contain the highly conserved putative 
miR-7 binding sites (Fig. 3A). To determine whether miR-7 
could directly inhibit EGFR, PI3K, and Raf-1 protein expres-
sion by binding to their 3'-UTR, we created pGL3-WT-EGFR 
(or PI3K or Raf-1)-3'-UTR and pGL3-MUT- EGFR (or PI3K or 
Raf-1)-3'-UTR plasmids. Reporter assays revealed that miR-7 
restoration led to a marked decrease in the luciferase activity 
of the pGL3-WT-PI3K (or Raf-1)-3'-UTR plasmid, but did 

Figure 2. The effect of miR-7 restoration on human GBM cell lines. (A) After transient transfection of miR-7 mimics for 72 h, all three cell lines exhibited at 
least a 5-fold increased miR-7 expression. (B) The dose- and time-dependent effect of miR-7 mimics on TJ899 cell viability. (C) Annexin V staining showed 
that TJ899 cells transfected with miR-7 mimics displayed significantly greater apoptosis than the control and scramble groups. (D) Cell cycle profiles after PI 
staining. miR-7 restoration induced G1 arrest in TJ899 GBM cells. (E) Cell invasiveness was detected by Transwell invasion assay. TJ899 cells were transfected 
with 100 nM of miR-7 mimics or 100 nM of scrambled sequences. (F) Colony formation in the presence of miR-7 mimics or scrambled sequences. The graph 
shows three independent experiments. Data represent the means ± SD. Significant differences compared with the controls are shown as *P<0.05; **P<0.01. 
(E and F) Original magnification, x100.
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not affect the luciferase activity of the pGL3-MUT-PI3K (or 
Raf-1)-3'-UTR plasmid. By contrast, there was no statistically 
significant difference between the pGL3-WT-EGFR-3'-UTR 
and pGL3-MUT-EGFR-3'-UTR plasmids in terms of lucif-
erase activity (Fig. 3B).

Furthermore, we assessed the effects of miR-7 mimic 
transfection on the protein levels of all the above oncogenes 
and several accompanying downstream genes (23-30). Western 
blotting showed that expression of PI3K and Raf-1 was down-
regulated in TJ899 cells in a dose-dependent manner after 
3 days of miR-7 mimic transfection. EGFR, however, showed 
only slightly and non-dose-dependently reduced expres-
sion. Moreover, both phosphorylated AKT2 (p-AKT2) and 
p-MEK1/2 levels were downregulated, and the expression of 
cyclin D1 was decreased (Fig. 3C and D), compared with that 

in cells treated with scrambled oligonucleotide or vector alone 
(control group) (data not shown).

Recovery of PI3K and Raf-1 expression overrides the effect 
of miR-7 in GBM. To further assess the regulatory role of 
miR-7 in the PI3K/ATK and Raf/MEK/ERK pathways, we 
transfected PI3K lacking the 3'-UTR and Raf-1 lacking the 
3'-UTR into TJ899 cells. Two days later, the expression of 
PI3K recovered most of the functions abolished by miR-7 
mimic transfection in TJ899 cells, including tumor cell prolif-
eration, inhibition of apoptosis, and cell invasion (Fig. 4A-E). 
However, only slight recovery of the cell cycle was observed, 
as indicated by a small shortening of the G0/G1 phase and 
extension of the S phase, as well as slightly increased cyclin 
D1 expression (Figs. 4C, 5A and B). The expression of Raf-1 

Figure 3. miR-7 inhibits the expression of PI3K and Raf-1 and binds to their 3'-UTR in human GBM cells. (A) The predicted seed matching between miR-7 
and the oncogenes' 3'-UTR sequences. (B) Luciferase activity. TJ899 cells were cotransfected with pGL3-WT-EGFR (or PI3K or Raf-1)-3'-UTR and pGL3-
MUT-EGFR (or PI3K or Raf-1)-3'-UTR plasmids (indicated as WT or MUT on the x-axis), and luciferase activity was assayed 48 h after transfection. miR-7 
expression downregulated the luciferase activities of PI3K and Raf-1, but not that of EGFR, in GBM cells. (C) TJ899 cells were transfected with miR-7 
mimics at various doses, and the related protein levels were detected by western blotting. β-actin protein was used as the endogenous normalizer. The graph 
is representative of three independent experiments. Data represent the means ± SD. Significant differences compared with the controls: *P<0.05 and **P<0.01.
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largely abrogated the effects of miR-7 on the cell cycle of 
TJ899 cells, with an obvious shortening of the G0/G1 phase 
and prominent extension of the S phase, as well as dramati-
cally increased cyclin D1 expression (Figs. 4C, 5A and B). 

Surprisingly, when PI3K lacking the 3'-UTR and Raf-1 
lacking the 3'-UTR were transfected simultaneously into 
TJ899 cells, the tumor cells were almost completely restored 
to their original state, with high proliferative activity, obvious 

Figure 4. Recovery of PI3K and Raf-1 expression can override miR-7 function in TJ899 cells. TJ899 cells were transfected with pcDNA-EGFR (or PI3K or 
Raf-1) (not including the 3'-UTR) on the third day after miR-7 mimic transfection at a 100 nM dose. Two days later, tumor cell proliferation, apoptosis, cell 
cycle changes and invasion were analyzed. PI3K expression recovered most functions abolished by miR-7 mimic transfection in TJ899 cells, including tumor 
cell proliferation, inhibition of apoptosis and cell invasion; however, only slight recovery of cell cycle progression was observed. (A) TJ899 cell viability 
by MTT assay. (B) The percentage of apoptotic cells was detected by Annexin V staining. (C) Changes in the cell cycle were detected by flow cytometry. 
(D) Cell invasiveness was detected by Transwell invasion assay. (E) Colony formation was evaluated using soft agar colony formation assays. The graph 
is representative of three independent experiments. Data represent the means ± SD. Significant differences compared with the controls: *P<0.05; **P<0.01. 
(D and E) Original magnification, x100.
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apoptosis inhibition, high invasiveness and rapid cell cycle 
progression (Fig. 4A-E). Equally surprisingly, trans fection of 
EGFR lacking the 3'-UTR into TJ899 cells had little effect 
(Fig. 4A-E). These findings further indicated that miR-7 
directly modulates PI3K and Raf-1, but not EGFR, expression 
by binding to the mRNA 3'-UTR. 

To clarify the regulatory mechanism, we determined the 
effect of EGFR, PI3K, and Raf-1 (not including the 3'-UTR) 
expression on several proteins involved in the PI3K/ATK 
and Raf/MEK/ERK pathways in human GBM TJ899 cells. 
Forced PI3K expression significantly increased the level of 
p-AKT-2 and slightly increased the level of cyclin D1; addi-
tionally, Raf-1 expression significantly increased the level of 
p-MEK1/2 and slightly increased the level of cyclin D1. Of 
note, forced PI3K expression also slightly increased Raf-1 and 
p-MEK1/2 protein expression, but forced Raf-1 expression 
had no effect on PI3K and p-AKT-2 expression levels. We also 
found that EGFR expression had little impact on the expres-
sion levels of downstream proteins, including PI3K, p-AKT-2, 
Raf-1, p-MEK1/2 and cyclin D1, indicating that miR-7 plays 

a key role in silencing the downstream pathways of EGFR 
(Fig. 5A-C).

miR-7 inhibits glioblastoma xenograft growth. Since miR-7 
plays an important role in GBM tumor progression, we further 
examined the effects of miR-7 on tumor growth in vivo. 
Compared with tumors that continued growing in both the 
scramble and control groups, the miR-7 group demonstrated 
a significant reduction in both tumor volume and weight 
(Fig. 6A-C) (P<0.05). In another group (the removal group), the 
tumors started to regrow 10 days after cessation of treatment 
(Fig. 6A-C). TUNEL assay of xenograft tumors performed 
25 days after treatment revealed markedly greater apoptosis 
in the miR-7 group compared with the scramble and control 
groups (χ2=21.74; P<0.01; Fig. 6D). Ki-67 staining showed 
that miR-7-treated tumors had a lower proliferation index 
than control tumors (χ2=17.35; P<0.05; Fig. 6E). Additionally, 
immuno histochemical analysis revealed a marked decrease in 
the PI3K, Raf-1, and cyclin D1 protein levels in the miR-7- 
treated group (P<0.05; Fig. 6E). These findings confirm that 

Figure 5. The effects of EGFR, PI3K, and Raf-1 expression (not including the 3'-UTR) on several related proteins in human GBM TJ899 cells. (A and B) The 
expression levels of 6 related proteins were measured by western blotting. β-actin protein was regarded as the endogenous normalizer. (C) Proposed regulatory 
mechanism. The graph represents three independent experiments. Data represent the means ± SD. Significant differences compared with the controls: *P<0.05; 
**P<0.01.
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miR-7 targets PI3K and Raf-1 and so could be used for treat-
ment of GBM.

Discussion

GBM is a leading cause of cancer death involving the central 
nervous system (31). Unfortunately, the underlying molecular 
mechanisms of unlimited proliferation and progressive local 
invasion remain obscure. Previous work has demonstrated 
that GBM frequently harbors mutations that activate EGFR 
and launch downstream signaling pathways, including the 
PI3K/ATK and Ras/Raf/MEK/ERK pathways (6,8,32). 
However, EGFR-Ras or PI3K mutations alone are not suffi-
cient to transform glial cells; instead, multiple mutations 
that coactivate the EGFR-Ras and PI3K/Akt pathways are 
necessary to induce glioma (33). Recently, much attention 
has focused on miRNAs, a newly discovered family of genes 
encoding small RNA molecules that bind through partial 
sequence homology to the 3'-UTRs of target genes, which 
play key roles in the regulation of gene expression and the 
protein network (34-38).

In the present study, we reviewed the relevant literature and 
found that miR-7 demonstrated high tissue specificity, being 
expressed in only normal brain tissue and pancreatic tissue (18). 
We hypothesized that miR-7 may have important research 
value in brain diseases. To identify the mechanism by which 
miR-7 regulates GBM malignancy, we identified the 3'-UTR of 
EGFR, PI3K, and Raf-1 to contain highly conserved putative 
miR-7 binding sites by bioinformatics analysis. However, the 
expression of PI3K and Raf-1, but not EGFR, were regulated 
by miR-7 as determined by luciferase activity reporter and 
western blot assays. We also investigated p-Akt-2, p-MEK1/2 
and cyclin D1 levels. Glioma-associated EGFR mutant forms 
showed constitutive kinase activity that chronically stimulates 
Ras/Raf/MEK/ERK signaling to drive cell proliferation and 
cell cycle progression; this is mediated mainly by cyclin D. 

Other common genetic lesions include activating muta-
tions in PIK3CA, which encodes the p110a catalytic subunit 
of PI3K. AKT, a major PI3K effector, regulates the cell cycle 
and cell proliferation through its direct action on the cyclin-
dependent kinase inhibitors p21 and p27, and its indirect effect 
on the levels of cyclin D1 and p53, as well as cell survival, 

Figure 6. miR-7 inhibits glioblastoma xenograft growth. (A) Tumors were dissected from the subcutaneous region of nude mice. (B) Tumor volume was 
monitored over 25 days. (C) Tumor weight was determined at the end of the study. (D) TUNEL assay of the xenograft tumor sections revealed that miR-7 
induced apoptosis. (E) Ki67, EGFR, PI3K, Raf-1 and cyclin D1 expression levels in xenograft tumor sections were detected by immunohistochemistry. The 
graph represents three independent experiments. Data represent the means ± SD. Significant differences compared with the controls: *P<0.05; **P<0.01. 
(D and E) Original magnification, x100.
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through direct inhibition of pro-apoptotic signals such as Bad 
and the Forkhead family of transcription factors (39,40). Our 
data show that miR-7 expression reduces AKT2 and MEK1/2 
phosphorylation levels, as well as cyclin D1 expression. 
Furthermore, recovery of the PI3K or Raf-1 expression level by 
transfection of pcDNA-PI3K or pcDNA-Raf-1 (not including 
the 3'-UTR), respectively, partially abrogated the inhibition 
by miR-7 of the malignant progression of TJ899 cells. When 
PI3K and Raf-1, both lacking the 3'-UTR, were transfected 
simultaneously, the TJ899 tumor cells were almost completely 
restored to their original state. However, transfection of EGFR 
lacking the 3'-UTR had little effect on TJ899 cells. We also 
found that forced PI3K expression slightly increased Raf-1 
and p-MEK1/2 protein levels, but forced Raf-1 expression had 
no effect on PI3K and p-AKT-2 levels. Therefore, we hypoth-
esized a potential regulatory mechanism between PI3K and 
Raf-1 or MEK1/2. Taken together, these results revealed that 
miR-7 is a common regulator of the PI3K/ATK and Ras/Raf/
MEK/ERK pathways, an effect mediated by its targeting of 
the transcription factors PI3K and Raf-1, but not EGFR. The 
end result is inhibition of the malignant transformation of 
GBM cells.

Kefas and others have shown quite convincingly that 
EGFR is targeted by miR-7 (41). However, our data are not 
contradictory with their findings, for Kefas has also reported 
that transfection with the pri-miR-7 vector did not result in 
decreased EGFR protein in U87MG, and furthermore that 
there might have a processing defect in generating pre-miR-7 
from pri-miR-7 (41). Therefore, there may be a case that the 
single stranded miR-7 mimic cannot been processed into the 
RISC complex to target EGFR. However, there are also posi-
tive facts that the single stranded miR-7 mimic can effectively 
silence the two other target genes PI3K and Raf-1, which are 
both located downstream of EGFR. Moreover, IRS2 has been 
previously shown to be a target of miR-7 and lies upstream of 
Akt signaling (41). Therefore, there may be a complex regula-
tory network involving miR-7, and PI3K/ATK and Ras/Raf/
MEK/ERK pathways that are both launched by EGFR. Taken 
together, our data provide evidence that miR-7 may represent a 
key therapeutic target for glioblastoma.
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