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Abstract. MicroRNAs (miRNAs) are short (~22-nt) non-
coding RNA molecules implicated in both development and 
disease that act by repressing translation or by inducing the 
cleavage of target RNA transcripts. Emerging evidence suggests 
that the altered regulation of miRNA may be involved in the 
pathogenesis of cancer. Here, we investigated the expression of 
the miRNA gene miR-221 by real-time PCR in human glioma 
tissues of varying grades of malignancy. The expression level 
of miR-221 was found to increase with glioma malignancy, 
whereas protein levels of a putative target, the cell cycle 
inhibitor and tumor suppressor gene p27Kip1, decreased. Using a 
luciferase reporter assay, we further confirmed the translational 
repression activity of miR-221 on p27 by identifying the target 
recognition element within the 3'UTR of p27. Our results 
suggest that miR-221 is a regulator of the tumor suppressor 
gene p27, and that its increased expression in advanced gliomas 
might contribute to glioma cell proliferation by a mechanism 
involving the repression of p27.

Introduction

Gliomas are the most common form of primary intracranial 
tumors, constituting 40-60% of all brain tumors. Although 
gliomas vary widely in their malignancy, patients suffering 
from the most severe forms of malignant glioma have a life 

expectancy of ~9-12 months following diagnosis. Over the past 
several years, molecular genetic research has uncovered a large 
number of genes contributing to human cancer. In particular, 
a number of genetic markers associated with glioma malig-
nancy have been found and may prove to be useful diagnostic 
tools and therapeutic targets (1). Despite the large number of 
glioma-associated genes identified to date, many may have 
been overlooked, as most efforts in genomics have focused 
exclusively on identifying annotated protein-coding genes.

It was recently discovered that an unexpectedly large 
fraction of the genome has been transcribed (2). Many of the 
unexpected loci harbor non-coding RNAs (ncRNAs) that do 
not contain an open reading frame or code for protein. The 
best characterized group of ncRNAs are microRNAs (miRNAs), 
~22-nt non-coding RNAs that post-transcriptionally regulate 
gene expression through the RNA interference (RNAi) 
pathway (3). miRNAs are generated as a primary transcript 
(pri-miRNA) by RNA polymerase Ⅱ, and are then sequentially 
processed by the ribonucleases Drosha and Dicer to yield 
mature miRNA. The mature miRNAs are loaded into the 
RNAi effector complex RNA-induced silencing complex, 
where they bind to mRNAs (4,5). In general, miRNAs bind to 
partially matching sequences in the 3'UTRs of target mRNAs 
and mediate translational repression (6), or target mRNAs for 
degradation when matching is more stringent (7,8). 

The aberrant expression of miRNAs in cancer has been well  
documented (12). miRNAs may function as tumor suppressors 
or as oncogenes by targeting oncogenes or tumor suppressor 
genes, respectively. A number of studies have found miR-221 
miRNA to be overexpressed in tumors, indicating that up-
regulation of miR-221 may be an early event in carcinogenesis 
(14-16). One of the putative targets of miR-221 is p27Kip1 

mRNA (17). The p27 gene is a member of the Cip/Kip family 
of cyclin-dependent kinase (CDK) inhibitors, and serves to 
arrest cell cycle progression (18). By binding to CDK2 and 
cyclin E complexes, p27 prevents cell cycle progression from 
the G1 to S phase. p27 also acts as a tumor suppressor, and its 
expression is often disrupted in human cancers. Studies in mice 
have shown that the loss of p27 increases tumor incidence and 
growth rate in specific genetic backgrounds or when mice are 
challenged with carcinogens (19). Decreased p27 levels have 
been correlated with tumor aggressiveness and poor patient 
survival (20-25).
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In the present study, we examined the expression of miR-221 
and p27 in 29 glioma samples, and found that the expression of 
miR-221 increased in conjunction with the grade of the glioma, 
while the expression of p27 decreased. The putative target rec-
ognition site of miR-221 in the 3'UTR of p27 was confirmed, 
and the robust translational repression activity of miR-221 on 
this element was demonstrated using a luciferase expression 
assay. Collectively, the data presented herein provide evidence 
that increased expression of miR-221 in gliomas may affect 
the aggressiveness of tumors by increasing the proliferative 
potential of glioma cells via p27 repression.

Materials and methods

Patients and samples. Primary tumor samples from 29 glioma 
patients were obtained during surgical resection of the lesion. 
Samples for miR-221 and p27 expression analysis were taken 
from biopsy material obtained using standard diagnostic pro-
cedures. Immediately after surgery, samples were snap-frozen 
and stored in liquid nitrogen until RNA extraction. Histological 
diagnosis and grading of tumors were carried out in compli-
ance with WHO criteria (World Health Organization, 2000). 
A total of 13 tumors were classified as low-grade gliomas, 8 as 
anaplastic astrocytomas, and the remaining 8 as glioblastoma 
multiformes (GBMs). Details regarding tumor type and grade 
are listed in Table I. Of the 29 glioma patients, 16 were male 
and 13 were female. The mean age at diagnosis was 30.3±10.6 
years for patients with low-grade tumors, 44.9±7.3 years for 
patients with anaplastic astrocytomas and 53.9±12.9 years for 
patients with GBMs. 

Quantitative real-time RT–PCR of miR-221. The mirVana 
qRT-PCR miRNA Detection Kit (P/N: 1556, Ambion) was 
used to detect the presence of miR-221, along with 5S rRNA to 
normalize for RNA content among different samples (26). 
Real-time PCR was performed using standard protocols on a 
Bio-Rad Chromo4 Detection System using gene-specific 
‘reverse’ stem-loop primers for miR-221 and 5S rRNA purchased 
from Ambion (P/N: 30115 and 30302) and a universal primer 
common to all cDNAs. Briefly, total RNA was extracted from 
tumor samples using the mirVana™ PARIS™ Isolation Kit 
(P/N: 1558, Ambion) according to the manufacturer's protocol. 
cDNAs were then transcribed from RNA at 37˚C for 30 min, 
followed by 10 min at 95˚C to inactivate the reverse tran-
scriptase. The chimeric cDNA was amplified over 40 cycles at 
95˚C for 15 sec and 60˚C for 30 sec and monitored with SYBR 
Green (Invitrogen) fluorescence. To control the specificity of 
the amplifications, the melting temperature of the PCR product 
was determined using Opticon Monitor-3 melting curve analysis, 
and the relative amount of miRNA was normalized to the 
amount of 5S rRNA using the equation 2-∆CT, where ∆CT = 
[CT(miR-221) – CT(5S RNA)] (27). Relative gene expression was mul-
tiplied by 104 to simplify the presentation of the data. PCRs 
were performed in triplicate, and included no template controls 
for each gene. Analysis of the results was conducted in a 
blinded manner on randomized data.

Analysis of p27 expression by Western blot analysis. Total 
proteins were extracted from tumor samples using the mirVana 
PARIS Isolation Kit according to the manufacturer's protocol. 

Protein concentration was measured using the Lowery protein 
concentration assay, and equal amounts of protein were run 
on a 12% SDS-PAGE electrophoresis gel and transferred to 
a PVDF membrane. The membrane was blocked with 5% 
BSA in PBST (PBS, pH 7.5, and s0.1% Tween-20) and then 
incubated in 1:500 goat anti-p27 (Santa Cruz Biotechnology) 
overnight at 4˚C. The membrane was washed with PBST and 
incubated in 1:2000 peroxidase-conjugated rabbit anti-goat 
secondary antibody (Santa Cruz Biotechnology) for 1 h after 
washing. The signal was then developed using a chemilumi-
nescence detection system (Cell Signaling) according to the 
manufacturer's recommendations. Western blot films were 
digitized, and the net intensities of bands were quantified using 
Quantity One software (Bio-Rad). After being developed, the 
membrane was stripped and reprobed with an antibody against 
GAPDH to confirm equal sample loading.

Cell culture and transfections. U251 glioblastoma cells were 
obtained from the Institute of Biochemistry and Cell Biology, 
Chinese Academy of Science, Shanghai, and maintained in 
DMEM supplemented with 10% fetal bovine serum, 100 U/ml 
penicillin and 100 µg/ml streptomycin at 37˚C in an atmo-
sphere of 5% CO2. A pGL-3 plasmid containing the 3'UTR of 
human p27 and the double-mutant 3'UTR of human p27 were 
kind gifts from Dr Reuven Agami (The Netherlands Cancer 
Institute). Construction of pGL-p27-3'UTR and pGL-p27-
3'UT-DM were as described previously (28). Briefly, the 3'UTR 
of p27 was synthesized from genomic DNA using forward TTC 
ttaaACAGCTCGAATTAAGAATATGTTTCC and reverse 
TTTTCTTTATTGATTACTTAATGTG primers. The p27 
Sen-Luc was prepared by digesting the 3'UTR of p27 and 
subcloning it into pGL3 (Promega) downstream of the luciferase 
gene. The pGL3-p27-3'UTR-DM (double mutant) was created 
by a site mutation method (28).

U251 cells were plated in 24-well microplates (Corning, 
USA) at a density of 1.0x105 cells per well. The luciferase assay 
was performed as described previously (28) with little modifica-
tion. 2'-O-methyl (2'-OMe)-oligonucleotides were chemically 
synthesized by GenePharma Co., Ltd. (Shanghai, China). 
2'-O-methyl oligos were composed entirely of 2'-O-methyl 
bases and consisted of the following sequences, antisense to 

Table I. Tumor type and grade.

Type of glioma	 WHO grade	N o. of cases

Low-grade gliomas		  13
  Pilocytic astrocytoma	 Ⅰ	 3
  Diffuse astrocytoma	 Ⅱ	 3
  Oligoastrocytoma	 Ⅱ	 2
  Oligodendroglioma	 Ⅱ	 5

Anaplastic astrocytomas		  8
  Anaplastic astrocytoma	 Ⅲ	 3
  Anaplastic oligoastrocytoma	 Ⅲ	 3
  Anaplastic oligodendroglioma	 Ⅲ	 2

Glioblastoma multiforme	 Ⅳ	 8
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the mature form of human miR-221: 2'OMe-miR-221 5'-GU-
CAACAUCAGUCUGAUAAGCUA-3'. Cells were divided 
into three groups, including control 2'OMe-miR-221 + pGL3-
p27-3'UTR and 2'OMe-miR-221 + pGL3-p27-3'UTR-DM. 
Luciferase activity was measured 72 h after transfection using 
the Dual-luciferase reporter assay system (Promega).

Statistical analysis. All quantifications were expressed as 
arbitrary units and presented as the mean ± SD. For each 
experiment, all assays were performed at least in triplicate. Data 
were analyzed with Stata 7.0. The relative amounts of miR-221 
and p27 among the three test groups were compared using the 
Kruskal-Wallis test followed by a post-hoc Bonferroni adjust-
ment. A statistical significance level was assigned to values of 
Padj≤0.05. Other analyses of statistical links between biological 
and clinical parameters were performed using standard tests.

Results

miR-221 and p27 expression in gliomas. On the basis of 
malignancy and according to WHO criteria, we divided the 29 
glioma samples into three groups: low grade, anaplastic and 
GBM. The concentration of miR-221 miRNA and the protein 
levels of p27 tumor suppressor gene were then measured.

miR-221 miRNA levels were determined using real-time 
RT–PCR. Taking the average for each tumor grade group, 
we found a significant positive correlation between miR-221 
miRNA levels and tumor severity (Kruskal-Wallis test, 
¯2=19.960, P=0.000). As shown in Fig. 1A, the relative amount 
of miR-221 was significantly different in the low-grade 
gliomas compared to the GBMs (¯2=16.545, Padj=0.000) and in 
the anaplastic astrocytomas compared to the GBMs (¯2=9.414, 
Padj=0.006). Although the miR-221 level was on average higher 
in the anaplastic astrocytomas than in the low-grade gliomas, 
this difference was not significant (¯2=3.989, Padj=0.137).

Conversely, the relative protein levels of p27 measured 
by quantified Western blot analysis were inversely related 
to tumor severity, with a significant difference between the 
groups (¯2=21.278, P=0.000). The average concentration of p27 
was significantly higher in the low-grade gliomas compared to 
the GBMs (¯2=14.275, Padj=0.000), as well as in the anaplastic 
astrocytomas compared to the GBMs (¯2=9.414, Padj=0.006). 
The difference in p27 concentration between the low-grade 
gliomas and the anaplastic astrocytomas was also significant 
(¯2=9.698, Padj=0.006) (Fig. 1B and C). A plot of the relative 
concentrations of p27 protein against miR-221 miRNA shows 
an exponential inverse relationship (p27=0.2558x0.9143miR-221; 
Fig. 1D). miR-221 and p27 expression were neither age- nor 
gender-related, as assessed by the Spearman rank test and 
Kruskal-Wallis test, respectively.

Detection of miR-221 target mRNA by luciferase assay. To 
further detect whether the 3'UTR of p27kip1 has an miR-221- 
specific binding sequence, we transfected the three types of 
cells with p3UTR-p27, p3UTRmut-p27 and control plasmid. 
As expected, anti-miR-221 significantly enhanced luciferase 
activity.

To determine whether p27 is repressed by miR-221 
binding, we used pGL-p27-3'UTR and pGL-p27-3'UT-DM 
(see Materials and methods). The U251 glioblastoma cells 

were transfected by 2'OMe-miR-221 + pGL3-p27-3'UTR and 
by 2'OMe-miR-221 + pGL3-p27-3'UTR-DM, respectively. 
We demonstrated that anti-miR-221 as well as anti-miR-222 
significantly enhanced luciferase activity (p<0.05; Fig. 2).

  A

  B

  C

  D

Figure 1. (A) Normalized miR-221 miRNA quantities in gliomas averaged 
across samples of the same grade. *P<0.05 when compared with low-grade 
gliomas and anaplastic astrocytomas. (B) Detection of p27 expression in 
glioma samples by Western blot analysis. Lanes 1-5, low-grade gliomas; 
6-10, anaplastic astrocytomas; 11-14, GBMs. (C) Quantification of the 
average relative concentrations of p27 protein in the three classes of gliomas. 
*P<0.05 when compared with low-grade gliomas; **P<0.05 when compared 
with low-grade gliomas and anaplastic astrocytomas. (D) Plot of p27 protein 
concentrations against miR-221 miRNA concentrations in 29 glioma samples. 
p27 expression decreased exponentially relative to increases in miR-221 along 
the p27=0.2558x0.9143miR-221 trend line.
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Discussion

MicroRNAs (miRNAs) are a class of naturally occurring 
small non-coding RNAs that regulate gene expression by 
targeting mRNAs for translational repression or cleavage 
(29,30). In this study, we measured the expression level of 
mature miR-221 in tumor specimens from 29 patients with 
gliomas using a recently introduced technique for quantifying 
miRNA content in tissue samples by stem-loop RT-PCR 
(26). We found a progressive increase in miR-221 expression 
associated with increasing severity of glioma malignancy. The 
association was particularly strong when comparing GBMs to 
non-GBMs. These findings indicate that increased miR-221 
expression is closely correlated to the pathological grade of 
gliomas and may be a useful indicator of enhanced glioma 
malignancy. Using a luciferase assay, we provided evidence 
that miR-221 targets the 3'UTR of the tumor suppressor gene 
p27 and represses its translation. This repression may account 
for the great reduction in p27 observed in advanced malignant 
gliomas. Collectively, these findings suggest that miR-221 
levels may affect the aggressiveness of gliomas, and that this 
effect is likely to be mediated, at least in part, by the suppression 
of p27 translation.

Our understanding of the function of miRNA in mammals 
suggests that these genes play important roles in fate deter-
mination and the maintenance of lineage during development. 
Most miRNA genes are not expressed in embryonic stem cells, 
but are induced during development. For example, the expres-
sion of mammalian let-7 is low in embryonic stem cells and 
increases during development, reaching a maximum in dif-
ferentiated adult tissues (31,32). Some miRNAs are expressed 
in tissue-specific patterns and function to promote differentia-
tion in specific lineages, whereas others are expressed more 
broadly and function to suppress cell division and to drive 
terminal differentiation. Lu et al (33) analyzed the expres-
sion of 217 mammalian miRNAs in 334 samples, including 
multiple human cancers, and found that tumors display an 
expression profile similar to the tissues from which they are 
derived, while the absolute expression level of many miRNAs 
is significantly reduced. These results provide compelling 
evidence that the aberrant suppression of miRNAs might be a 
necessary step in the oncogenic loss of differentiation.

Although most miRNA genes display reduced expression 
in cancer, there are notable exceptions. The best characterized 
example is the mir-17-92 cluster, primary and mature miRNAs 
that are up-regulated in B-cell lymphomas and strongly 
accelerate lymphomagenesis (34). miR-221 is clustered on 
chromosome X11.3 near the closely-related miR-222 (35), and 
is predicted to have at least 130 targets (15). Of these, Kit is 
the best established. It was found that miR-221 interacts with 
the 3'UTR of Kit mRNA, resulting in a dramatic loss of Kit 
transcripts and proteins. During the exponential growth phase 
of erythropoietic lineages, the expression of miR-221 is low. 
Kit protein production is therefore de-repressed, facilitating 
the expansion of early erythroblasts. Overexpression of 
miR-221 inhibits normal erythropoiesis and erythroleukemic 
cell growth (35), and hinders the ability of endothelial cells to 
form new capillaries (36).

Little is known regarding the function of miR-221 in tumors. 
However, studies have repeatedly confirmed its up-regulation 
in various malignancies. Ciafre et al (14) used microarray data 
to compare the global expression levels of 245 miRNAs in 
glioblastoma tissue with normal brain tissue, and found that 
the expression of miR-221 was strongly up-regulated in glio-
blastoma cells. The study also identified nine overexpressed 
miRNAs, including the miR-221/222 cluster. Furthermore, 
miR-221 was confirmed to be overexpressed in all 10 cell lines. 
Thus, a molecular signature of glioblastoma cells is miR-221 
overexpression in glioblastoma tissues and cell lines. Similar 
results were demonstrated by He et al (15) and Pallante et al 
(16), who found that miR-221 expression was up-regulated 
3- to 12-fold in papillary thyroid carcinomas (PTC) compared 
to normal thyroid tissues from individuals without clinical 
thyroid disease. Furthermore, elevated expression of miR-221 
in normal thyroid tissue adjacent to tumors was proposed to 
be an early event in carcinogenesis. The blockade of miR-221 
function and the overexpression of miR-221 in human PTC-
derived cell lines also suggest that miR-221 plays a critical 
role in thyroid carcinogenesis. Collectively, the data strongly 
suggest that miR-221 is an important factor in carcinogenesis 
and should be regarded as an OncomiR. 

Although p27 is characterized as a tumor suppressor gene, 
inactivating point mutations with loss of heterozygosity are 
rarely observed in human cancers. Therefore, the low level of 
p27 protein observed in many types of aggressive cancer is not 
likely to be due to mutations at the locus (20). The abundance 
of p27 protein is largely controlled through a variety of post-
transcriptional regulatory mechanisms (37-39), among which 
are sequestration by cyclin D/CDK4 complexes, accelerated 
protein degradation and cytoplasmic retention (18). In certain 
types of cancer, such as colorectal cancer, overexpression of 
Skp2 and Cks1, two specific p27 ubiquitin ligase subunits, is 
strongly associated with low p27 expression and tumor aggres-
sivity (40). However, several studies have indicated that the 
genes controlling the stability of p27 protein might not always 
account for its decreased expression in cancer. Instead, p27 
may be regulated at the level of translation (41-43). 

A recent study revealed that miR-221-expressing HeLa 
cells had decreased p27 protein levels, and that the half-life of 
p27 was comparable to that of control cells. Moreover, single 
miR-221 antagomiR did not affect cellular growth in U87 glio-
blastoma cells in vitro (28). This indicates a functional overlap 

Figure 2. miR-221 directly interacts with p27 3'UTR. The luciferase activity 
of the control and of p3UTRmut-p27 was significantly less than that of 
p3UTR-p27 following transfection into miR-221-expressing U251 cells. 
*P<0.05 when compared with p3UTR-p27.
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between miR-221 and miR-222 in controlling proliferation. 
Noting this, we further demonstrated that the use of adenovirus-
mediated antisense RNA to co-suppress the expression of 
miR-221/222 directly resulted in p27Kip1 up-regulation in epi-
thelial cancer cell lines, including human U251, SGC7901 and 
MCF-7 cells. This resulted in the suppression of their growth 
potential by the induction of a G1 to S shift in the cell cycle 
(unpublished data). miR-221 and miR-222 knockdown by anti-
sense 2'-OME-oligonucleotides consistently increases p27Kip1 in 
mice subcutaneously transfected with U251 cells, and strongly 
reduces tumor growth in vivo by up-regulating p27Kip1. 

In the present study, we showed that miR-221 targets 
sequences within the 3'UTR of p27 and is capable of arresting 
the translation of luciferase from a luciferase::p27-3'UTR gene 
fusion in transfected U251 glioblastoma  cells. This in vitro 
evidence, in conjunction with our finding that p27 protein 
levels decrease in concert with increased miR-221 expression 
in human gliomas, supports the conclusion that progressive 
increases in miR-221 expression lead to the increased trans-
lational repression of p27, thus increasing the malignancy of 
gliomas.
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