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Abstract MicroRNAs are ∼21nt single-stranded RNAs and
function as regulators of gene expression. Previous studies
have shown that microRNAs play crucial roles in tumori-
genesis by targeting the mRNAs of oncogenes or tumor
suppressors. Here we show that brain-enriched miR-128 is
down-regulated in glioma tissues and cell lines when
compared to normal brain tissues. Overexpression of miR-
128 in glioma cells inhibited cell proliferation. A bioinfor-
matics search revealed a conserved target site within the 3′
untranslated region (UTR) of E2F3a, a transcription factor
that regulates cell cycle progression. The protein levels of
E2F3a in gliomas and normal brain tissues were negatively
correlated to the expression levels of miR-128 in these
tissues. Overexpression of miR-128 suppressed a luciferase-
reporter containing the E2F3a-3′UTR and reduced the level
of E2F3a protein in T98G cells. Moreover, knocking down

of E2F3a had similar effect as overexpression of miR-128,
and overexpression of E2F3a can partly rescue the prolifer-
ation inhibition caused by miR-128. Taken together, our
study demonstrates that miR-128 can inhibit proliferation of
glioma cells through one of its targets, E2F3a.
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Introduction

MicroRNAs (miRNAs) are a class of endogenously
expressed small noncoding RNAs which are usually 18–
24 nucleotides long and regulate gene expression post-
transcriptionally [1]. Hundreds of miRNAs have been
found both in prokaryote and eukaryote, and many of them
have been shown to have function in cell proliferation [2, 3],
differentiation [4, 5], and apoptosis [6, 7]. Recent studies
have demonstrated an important role for miRNAs in
tumorigenesis. They function as tumor suppressors or
oncogenes by regulating the expression of their target genes
[8]. Interestingly, miR-128 was found to be down-regulated
in gliomas [9]. However, the molecular details of miR-128’s
involvement in glioma development remain unclear.

The members of E2F family are essential for cell
proliferation and apoptosis, e.g., E2F1–3 can promote S-
phase entry [10]. Despite their functional redundancy,
E2F3a has unique roles in cell division [11], and it has
been reported that the level of E2F3a has a crucial role in
the development of human bladder and prostate cancers
[12]. More recently, several miRNAs such as miR-34a and
miR-20a have been reported to negatively regulate E2F3a
or have an auto-regulatory feed-back loop with E2F3a;
disruption of this balance plays an important role in
tumorigenesis [13–15]. In this study, we demonstrate that
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miR-128 is down-regulated in glioma tissues and cell lines.
Moreover, both bioinformatics prediction and experimental
results indicate that miR-128 can target E2F3a and inhibit
cell proliferation in glioma.

Materials and methods

Human tissue samples All human normal brain and glioma
tissue samples were obtained from the Department of
Neurosurgery, Beijing Tiantan Hospital. All samples were
classified according to the third edition on the histological
typing of tumors of the nervous system published by WHO
in 2000. Informed consents for the use of their samples
were obtained from all patients before surgery.

Cell lines and culture conditions Human glioma cell lines
T98G, A172, and U87 were purchased from American Type
Culture Collection (ATCC) and cultured according to the
guidelines recommended by ATCC. U251 cell line (from Cell
Center of Peking Union Medical College) and 293ET cell line
(kindly provided by Dr. Chengyu Jiang, Peking Union
Medical College) were cultured in minimum essential medium
and Iscove’s Modified Dulbecco’s Medium supplemented
with 10% fetal bovine serum, respectively. All cells were
maintained at 37°C under an atmosphere of 5% CO2–95% air.

RNA extraction and real-time quantification of miRNAs by stem-
loop reverse transcriptase polymerase chain reaction Total
RNA was extracted from cells with the Trizol Reagent
(Invitrogen) according to the manufacturer’s instructions.
Stem-loop reverse transcriptase polymerase chain reaction
(RT-PCR) for mature miR-128 was performed as described
previously [16]. The sequence of the stem-loop reverse
transcription (RT) primer of miR-128 was 5′-GTCGTATC
CAGTGCAGGGTCCGAGGTATTCGCACTGGATAC
GACAAAAGA-3′. The sequence of the stem-loop RT
primer for U6 snRNA was 5′-GTCGTATCCAGTG
CAGGGTCCGAGGTATTCGCACTGGATACGA
CAAAATA-3′. Real-time PCR was performed using
SYBR-green-containing PCR kit (Takara) according to the
manufacture’s instructions, and RNA input was normalized
to the level of human U6 snRNA. The sequences of the
forward and reverse primers for human miR-128 were 5′-
CGCGCTCACAGTGAACCG-3 ′ and 5 ′ -GTGC
AGGGTCCGAGGT-3′, respectively. The sequences of the
forward and reverse primers for human U6 snRNAwere 5′-
GCGCGTCGTGAAGCGTTC-3 ′ and 5 ′ -GTGC
AGGGTCCGAGGT-3′, respectively.

MiRNA and siRNA transfection MaturemiR-128 and siRNA
were transfected into T98G using lipofectamine 2000
(Invitrogen), with miRNA at a final concentration of 100 nM

and siRNA at a final concentration of 200 nM. Onemicrogram
or 0.25 μg of plasmids were used per well in 24-well plate or
96-well plate when co-transfection was performed.

Databases and bioinformatics analysis The miRNA se-
quence was analyzed using miRBase (http://microrna.
sanger.ac.uk/sequences/), and the target gene information
of miR-128 was available at Human microRNA targets
(http://www.microrna.org/mammalian/index.html).

Construction of E2F3a 3′untranslated region reporter
plasmid and miRNA overexpression plasmid The E2F3a 3′
untranslated region (UTR; accession number: NM 001949)
was amplified from the genomic DNA of human normal
brain tissues using the following primers: forward 5′-
AAACAATGCCAGGGTGTCTC-3′, reverse 5′-TAGCCA
TTTCGTGTGTGAGC-3′. For its mutagenesis, the se-
quence complementary to the binding site of miR-128 in
its 3′UTR (CACTGTG) was replaced by ACGACAC. The
wild-type and mutated 3′UTRs of E2F3a were cloned
downstream of luciferase using the Xho I and Xba I site of
the pcDNA3.1-luc vector. For E2F3a expression constructs,
mRNA was isolated from adult human normal brain tissue
and reversed transcribed, and the full-length cDNAwas first
amplified using the following primers: forward 5′-CGA
GAGATGAGAAAGGGAATCCAG-3′, reverse 5′-GAG
AGTTCACACGAAGCATAATCAAC-3′, and then cloned
into the pCDEF-FN and pCDEF-MN vectors using SfiI site
(Shanghai Genomics Inc.). For miR-128 expression con-
struct, a 337-base pair-genomic sequence spanning mature
miR-128 was cloned into pcDNA3.1 with the following
primers: forward 5′-GATTTTAGGTTTACAAAGCCC
TAGCTGT-3′, reverse 5′-CTAATCCCTATTTCTGAGTAT
GATGCATGA-3′. The sequence of mature miR-128
(UCACAGUGAACCGGUCUCUUUU) and the control
sequence were provided by Genechem.

Luciferase assay Twenty-four hours before transfection,
293ET cells were plated in a 24-well plate. Plasmids of
empty pcDNA3.1-luc/miR-128-pcDNA3.1-luc (1 μg), WT/
mutant 3′UTR (0. μg), and pRL-TK (0.1 μg) were trans-
fected into 293ET cells using the Vigorous transfection
reagent [17]. Luciferase assays were performed 48 h after
transfection using the Dual Luciferase Reporter Assay
System (Promega, USA).

Dimethyl thiazolyl diphenyl tetrazolium (MTT) assay To
evaluate the effect of miR-128 and E2F3a on the
propagation of T98G cells, cells were seeded at a density
of 3,000 cells per well containing 100 μl medium in 96-
well plate for 24 h and then transfected with miR-128/
siRNA/miRNA and plasmids as described above. Every
24 h post transfection, 10 μl of dimethyl thiazolyl diphenyl
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tetrazolium (MTT) reagent was added to a well, and the
incubation continued for 4 h. Then medium was removed,
and 100 μl dimethyl sulfoxide (DMSO) was added to each
well to dissolve the formazan by pipetting up and down
several times; the absorbance, with a test wavelength of
570 nm and a reference wavelength of 630 nm, was
measured to obtain sample signal. Wells without cells
(DMSO alone) were used as blanks.

BrdU incorporation Cells were incubated with culture
media containing BrdU at a dilution of 1:10,000 (10 μM)
for 30 min before being fixed in 4% paraform. The fixed
cells were incubated in 0.2% TritonX-100 for 10 min at
room temperature, 1 M HCl for 10 min on ice, 2 M HCl at
37°C, 0.1 M Na2B4O7 for 12 min at room temperature
before being incubated with anti-BrdU antibody (Cat. Sc-
879, Santa Cruz, USA) diluted 1:100 in blocking buffer ]
3% bovine serum albumin/phosphate-buffered saline
(PBS)] for 3 h at room temperature. The cells were
subsequently washed in PBS and incubated with Fluo-
rescein (FITC)-conjugated Affinipure Goat-Anti Mouse
IgG H+L (Zhongshan, China) at 1:50 for 2 h at room
temperature. Then 1 μg/ml DAPI was applied for 2 min to
stain the cells. Images were captured on a Nikon micro-
scope (TE2000S, NIKON, Japan) at a total magnification of
×200 and processed using image acquisition Nis-Elements
BR (NIKON, Japan). Subsequent graphic processing was
done using the Photoshop CS2 software

Protein extraction and western blot Total protein was
extracted with lysis buffer (150 mM NaCl, 1% NP40 and
50 mM Tris–HCl, pH 8.0) supplemented with protease
inhibitors (2 μg/ml leupeptin, 2 μg/ml pepstain, 2 μg/ml
aprotinin, and 2 μg/ml PMSF). After being lysed on ice for
30 min, the lysate was centrifuged at 12,000 rpm for
20 min, and the supernatant was collected for experiments.
Protein concentration was determined using the Bradford
method. Lysate was separated by 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis, and the gel was
transferred onto nitrocellulose membrane. The protein was
probed with rabbit anti-human E2F3a (Cat. sc-879, Santa
Cruz, USA) or mouse anti-human β-actin antibody (Cat.
A5441, Sigma, USA).

Immunohistochemistry Immunohistochemical analyses of
E2F3a were done using formalin-fixed, frozen section
specimens of glioma and normal brain tissues from 19
patients. The sections were soaked in antigen retrieval citra
solution (1.8 mM citric acid, 8.2 mM natrium citricum,
pH 6.0) at 95°C for 10 min and then incubated with anti-
E2F3a antibody at 4°C for 16 h. Staining was done using a
diaminobenzidine staining kit (Zhongshan, China). Three
independent pathologists analyzed the results.

Results

MiR-128 is down-regulated in human glioma tissues
and cell lines

To confirm the expression level of miR-128 in glioma and
normal brain tissues as reported previously [9], total RNA
was extracted from nine primary glioma samples, which
contain three grade II, three grade III, and three grade IV
glioma tissues, four glioma cell lines and two normal brain
tissues, and then real-time PCR was performed to analyze
the expression profile. The results showed that expression
of miR-128 was down-regulated in both glioma tissues and
cell lines compared to normal brain tissues (Student’s t test,
p<0.01; Fig. 1). However, we did not find any correlation
between the down-regulation of miR-128 and chromatin
modification status. Treatment of 5-aza-2′-deoxycytidine
(5-Aza-CdR) and/or the histone deacetylase inhibitor
trichostatin A (TSA) did not affect the expression level of
miR-128 in T98G cells (data not shown).

Overexpression of miR-128 inhibits cellular proliferation
in T98G cells

To examine the role of miR-128 in proliferation, miR-128
was overexpressed in T98G cells. Real-time RT-PCR

Fig. 1 MiR-128 was down-regulated in glioma tissues and cell lines
compared to normal brain tissues. a Real-time PCR analysis of miR-
128 in two normal brain tissues (N1, N2) and nine glioma tissues (T1–
T3 grade II, T4–T6 grade III, and T7–T9 grade IV). b Real-time PCR
analysis of miR-128 in two normal brain tissues (N1, N2) and four
glioma cell lines (A172, T98G, U251, U87). RNA input was
normalized by human U6 snRNA
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analysis showed that the transfection was effective (Fig. 2a).
T98G cells transfected with miR-128 had a reduction in
metabolically active cells compared to those transfected with
scrambled negative control. The reduction was detected after
2 days of transfection, and it became more apparent on day 4
by MTT assay (Student’s t test, p<0.05; Fig. 2b).

To address whether the decrease in cell number
following overexpression of miR-128 was due to anti-
proliferative or apoptotic response, BrdU incorporation was
monitored in miR-128-overexpressing cells. In contrast to
the negative control, the percentage of BrdU-incorporated
cells was reduced by nearly 15% in T98G cells after
transfection with miR-128 for 48 h (Student’s t test,
p<0.05; Fig. 2c, d). But the Hoechst staining showed that
cells were not undergoing apoptosis (data not shown).

MiR-128 negatively targets E2F3a in 3′UTR

As predicted by bioinformatics, there were more than 1,000
targets of miR-128. In order to identify its real target genes,
the potential expression levels of eight putative target genes
that are thought to be involved in cells proliferation or

neural differentiation were measured using a luciferase
reporter assay. These include E2F3, TCF20, LTBP-1,
JAG1, DCX, Sox11, BMI1, and CrkL. Each one of these
genes has a near-perfect binding site for miR-128 in their 3′
UTRs, as the 3′UTR of E2F3a shown in Fig 3a. The 3′
UTRs of the above genes were cloned downstream of a
luciferase reporter, and luciferase activites were measured
in 293ET cells. However, among these predicted target
genes, no significant activities were observed except for
E2F3a. Cells transfected with miR-128 showed a reduction
of 40% in luciferase activity compared to those transfected
with empty vectors (Student’s t test, p<0.05). When the
hypothesized miR-128 binding site in the 3′UTR of E2F3a
mRNA was mutated, luciferase activity was restored close
to the control level (Fig. 3b). Overexpression of miR-128 in
T98G cells resulted in down-regulation of E2F3a at post-
transcriptional level as assessed by western blot (Fig. 3c).

To investigate whether miR-128 affects the E2F3a
expression in vivo, the protein level of E2F3a in glioma
and normal brain tissues were determined by western blot
(Fig. 3d) and immunohistochemistry (Fig. 4). Western blot
and immunohistochemistry assay revealed an inverse

Fig. 2 Overexpression of miR-128 inhibited the propagation of T98G
cells. a Real-time PCR analysis of miR-128 in T98G cells after
transfection with mature miR-128 or negative control for 48 h. Mature
miR-128 (UCACAGUGAACCGGUCUCUUUU, 100 nM) and negative
control (ACGUGACACGUUCGGAGAA, 100 nM) were transfected into
T98G using Lipofectamine 2000 (Invitrogen). bMTT assay of T98G cells
after treatment with negative control or miR-128 as above. The viable cell
number was determined as the value of the absorbance at 570 nm with a
reference wavelength of 630 nm. Values represent means ± standard

deviation (SD) for four wells. Asterisk p≤0.05, all compared with control.
c BrdU incorporation assessed by fluorescent immunohistochemistry after
transfection with control or miR-128 for 48 h. The cells were incubated
with culture media containing BrdU at a dilution of 1:10,000 (10 μM) for
30 min before fixing in 4% paraform; anti-BrdU dilution was 1:100. d
Cell proliferation rate as revealed by BrdU incorporation, experiments
were repeated at least three times, and more than three visual fields were
counted each time. Columns Mean of three independent experiments.
Asterisk p≤0.05, compared with control
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correlation between miR-128 and E2F3a protein levels. It
showed that, in grade III and grade IV glioma tissues, the
down-regulation of miR-128 was more drastic than that in
grade II glioma tissues, while the protein levels of E2F3a in

grade III and grade IV glioma tissues were higher than
those in grade II glioma tissues. In immunohistochemistry
staining, higher percentage and level of nuclear E2F3a were
found in glioma tissues than in normal brain tissues. No

Fig. 4 Immunohistochemical
staining of E2F3a protein in
glioma and normal brain tissues
Immunohistochemical analyses
were done using anti-human
E2F3a antibodies. a Normal
brain tissue. b Grade II glioma.
c Grade III glioma. d Grade IV
glioma. e There was no staining
with normal rabbit IgG. Original
magnification, ×200

Fig. 3 E2F3a is a target of miR-128. a The target site of miR-128 in
the 3′-UTR of E2F3a is completed conserved in human, mouse, and
rat as predicted by Miranda software (http://www.microrna.org/
mammalian/index.html). The mutant sequence is identical to the
wild-type sequence except for mutations at the 3′ end of target site
showed by asterisk. b Luciferase assays in 293ET cells. The reporter
constructs, including wild-type or mutant sequence, were cotrans-
fected with miR-128. Relative luciferase activities were normalized
with the Renilla luciferase activities. Construction and transfection
methods were previously reported [17]. Values are expressed as
percentages of relative luciferase activity of pcDNA3.1-luc plasmid.
Columns Mean of three independent experiments. Asterisk p≤0.05,

compared with empty plasmids. c Western blot and RT-PCR. T98G
cells were transfected with negative control or miR-128 for 48 h as
above. Cell lysates were immunoblotted for E2F3a (left), and RT-PCR
was to detect the mRNA level of E2F3a (right). β-actin was used as a
loading control (1:3,000) in western blot, while 18s-rRNAwas used as
a loading control in RT-PCR. In western blot, 1:1,000 of anti-human
E2F3a was used (the raw data of the western blots are shown in the
figures found in the Electronic supplementary material). d Protein
levels of E2F3a in two normal brain tissues (N1, N4) and nine glioma
tissues (T1–T3 grade II, T4–T6 grade III, and T7–T9 grade IV). β-
actin was used as a loading control
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staining was observed using control rabbit IgG. There was no
correlation between the level of miR128 and the mRNA levels
of E2F3a in glioma tissues and cell lines (data not shown).

Knockdown of E2F3a in T98G cells resulted in similar
phenotype as overexpression of miR-128

Although E2F3a has been widely reported to be involved in
tumorigenesis, there is no report on its role in glioma-
genesis. To investigate the role of E2F3a in glioma
development, we synthesized a small interfering RNA
(siRNA) which can specifically target E2F3a as previously
reported [12]. After transfection for 48 h, siRNA-mediated
knockdown of E2F3a reduced its protein level by least 90%
compared to that in control samples (Fig. 5a). Both MTT
and BrdU incorporation assay showed that the proliferation
rate and the percentage of S-phase cells were reduced after
E2F3asi treatment (Student’s t test, p<0.05; Fig. 5b–d),
which was similar to the result from overexpressing miR-
128. This supports the hypothesis that miR128 inhibits
proliferation of glioma cells by negatively regulating the
expression of E2F3a at protein level.

Overexpression of E2F3a rescued the effect of miR-128
overexpression

To further test the hypothesis that the phenotype as a result
of miR-128 overexpression was due to the down-regulation

of E2F3a, miR-128 and E2F3a were co-transfected into
T98G cells. As shown in Fig. 6b,c, 48 h after miR-128
transfection, there were fewer S-phase cells than those in the
control experiment; however, if the cells were co-transfected
with miR-128 and E2F3a, the percentage of BrdU incorpo-
ration rose close to the control level (Student’s t test, p<0.05).
The variations in transfection efficiency were confirmed by
western blot to be insignificant (Fig. 6a). It must be pointed
out that, although the percentage of S-phase cells increased
after being co-transfected with miR-128 and E2F3a, the active
cell number did not increase as determined by MTT assay
because more cell death was also observed (data not shown).

Discussion

It is known that miRNAs can function as tumor suppressors
and oncogenes, and they are referred to as “oncomirs” [8].
MiRNA abnormalities are thought to play broad roles in
cancer genesis. A more direct link between miRNA
function and oncogenesis is supported by studies examining
the expression of miRNAs in clinical samples [18, 19]. The
profiling of miRNA expression showed that most of them
are down-regulated in tumors compared to normal tissues
[20], like let-7 in lung cancers [21] and miR-127 in human
bladder cancers [22]. MiR-128 was found having lower
expression level in glioblastoma. We detected the expression
of miR-128 in tumor samples as well as in glioma cell lines

Fig. 5 SiRNA-mediated knock-
down of E2F3a resulted in similar
phenotypes as overexpressing
miR-128 in T98G cells. aWestern
blot of E2F3a expression in
T98G cells following treatment
with E2F3a siRNA or negative
controls. SiRNA (AACCTA
GAAGGACCGTTTGTG,
50 nM) and control (ACGUGA
CACGUUCGGAGAA, 50 nM)
were transfected into T98G cell
for 48 h using Lipofectamine
2000. bMTT assay of T98G cells
after transfection with negative
control or E2F3aSi as above.
Values represent means ± SD for
four wells. Asterisk p≤0.05, all
compared with control. c BrdU
incorporation assessed by fluo-
rescent immunohistochemistry
after transfection with negative
control or E2F3aSi for 48 h as
above. d Proliferation rate
counted from c. Bars indicate the
standard errors of the mean from
three repeated experiments. As-
terisk p≤0.05, compared with
control
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and found that its down-regulation compared to levels in
normal brain tissues exists not only in glioblastoma but also
in grade II and grade III gliomas.

The regulation of miRNA expression is not yet fully
understood. So far, there are three major regulatory
mechanisms. Some miRNAs are located at sites of the
genome that are frequently deleted or rearranged in cancers
[23], as miR-34a in neuroblastoma cells [24], while some of
them are epigenetically regulated. Yoshimasa Saito et al.
found that 17 out of 313 human miRNAs were up-regulated
more than 3-fold by simultaneous treatment of T24 cells
with chromatin-modifying drugs 5-aza-20-deoxycytidine
and 4-phenylbutyric acid [22]. Besides these two regulation
mechanisms, it has also been demonstrated that miRNA

expression can be regulated by signal transduction pathway,
such as Stat3-mediated induction of miR21 in interleukin-6-
dependent survival of multiple myeloma cells [25]. In our
experiment, we checked only the possibility of epigenetic
regulation on miR-128; however, no induction of miR-128
was found after the treatment of T98G cells with 5-Aza-
CdR or/and TSA. It has been reported that there exists a
negative feed-back loop between E2Fs and the miR-17–92
cluster [13]; whether there also exists a regulatory feed-
back loop between E2F3 and miR-128 or other regulation
mechanism such as the one demonstrated for miR-21
expression needs to be further investigated.

Identification of miRNA target genes is still a great
challenge. Computational algorithms showed more than

Fig. 6 E2F3a rescued the phe-
notype induced by miR-128.
a Western blot of E2F3a
expression in T98G cells fol-
lowing transfection with control,
miR-128, or miR-128 and E2F3a
for 48 h. When co-transfected,
100 μM miR-128 and 4 μg
E2F3a-pCDEF-MN per well
were used in a six-well-plate.
b BrdU incorporation at 48 h
posttransfection. E2F3a resulted
in higher BrdU incorporation.
When co-transfected, 100 μM
miR-128 and 0.8 μg E2F3a-
pCDEF-MN per well were used
in a 24-well-plate. c Proliferation
rate counted from a. Bars indi-
cate the standard errors of the
mean from three repeated
experiments. Asterisk p≤0.05,
compared with control
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1,000 targets of miR-128. Considering that miR-128 over-
expression can inhibit proliferation of glioma cells, several
predicted target genes associated with tumogenesis or cell
proliferation were subjected to a luciferase reported assay.
The results showed that, among these chosen genes, only
E2F3a was negatively regulated by miR-128. More
evidences showed E2F3a is expressed at higher levels in
glioma than those in normal brain tissues. There is, however,
a limitation within our data interpretation regarding the
correlated expression of miR-128 and E2F3a since we used
glioma and normal brain tissues to detect their expression
levels. Nevertheless, brain is a mixture of different cell types;
detection of miR-128 and E2F3a by other methods may be
needed, such as isolating specific glia cell type from tissues
by laser capture microdissection technique.

E2F3a has been found to control cell cycle progression.
Previous studies have showed that the E2F3a gene was
amplified and overexpressed and that E2F3a modulated
cellular proliferation rate in human bladder and prostate
cancer cells [12].Thus, we posit that the inhibition of
proliferation by miR-128 might in part be mediated through
negatively regulating E2F3a. E2F3b has a same 3′UTR as
that of E2F3a; whether E2F3b has a role in gliomagenesis
needs to be further examined.

Our results showed that overexpressed miR-128 only
partly inhibited the cell proliferation, and this inhibition is
to a lesser extent than that induced by knocking down
E2F3a, suggesting that there may be miRNAs other than
miR-128 that also participate in the development of glioma.
To date, several miRNAs have been reported to regulate
E2F3a, such as miR-17-92, miR-34a, and miR-210 [26].
Whether these miRNAs are involved in the formation of
glioma remains an open question.

One interesting point we observed in this study is that
the down-regulation of miR-128 and the up-regulation of
E2F3a in glioma are both more significant in grade III and
grade IV than those in grade II. Whether miR-128 and
E2F3a can be used as molecular markers for the classifi-
cation of grade II and III glioma requires more evidence.

The nucleotide sequences around the target site of miR-
128 are highly conserved among different species (Fig. 3a);
therefore, regulation by miR-128 may also occur in species
other than human. This implies that miR-128 may exert
different regulatory activities in different species and in
different biological events such as tumorigenesis or neural
differentiation. Since miR-128 is brain-enriched, we wonder
whether it has a role in neuronal differentiation. Several
genes known to be involved in neuronal differentiation such
as Sox11 and BMI-1 were selected and tested for expression
level using luciferase as a reporter gene in 293 ET cells.
However, the measured luciferase activities were quite low.
We reasoned that these luciferase assays might need to be
performed in cells of neuronal origin.

In conclusion, the results presented here suggest that
miR-128 can inhibit the proliferation of glioma cells
through negatively regulating one of its targets, E2F3a,
which is highly expressed in glioma and important for cell
cycle progession.

Acknowledgments This work was supported by funds from the
National Natural Sciences Foundation of China (nos. 30608022,
90612019, 30430200, 30721063), “863” project (nos. 2006AA0Z137,
2006AA02A304), “973” project (nos. 2004CB518604, 2005CB2507,
2006CB504100, 2007CB946902, 2007CB946900), Program for New
Century Excellent Talents in University (no. NCET-07-0505).

References

1. Bartel DP (2004) MicroRNAs: genomics, biogenesis, mechanism,
and function. Cell 116:281–297

2. Lee YS, Kim HK, Chung S, Kim KS, Dutta A (2005) Depletion of
human micro-RNA miR-125b reveals that it is critical for the
proliferation of differentiated cells but not for the down-regulation of
putative targets during differentiation. J Biol Chem 280:16635–16641

3. Takamizawa J, Konishi H, Yanagisawa K, Tomida S, Osada H,
Endoh H, Harano T, Yatabe Y, Nagino M, Nimura Y, Mitsudomi
T, Takahashi T (2004) Reduced expression of the let-7 micro-
RNAs in human lung cancers in association with shortened
postoperative survival. Cancer Res 64:3753–3756

4. Chen CZ, Li L, Lodish HF, Bartel DP (2004) MicroRNAs
modulate hematopoietic lineage differentiation. Science (New
York, NY) 303:83–86

5. Esau C, Kang X, Peralta E, Hanson E, Marcusson EG,
Ravichandran LV, Sun Y, Koo S, Perera RJ, Jain R, Dean NM,
Freier SM, Bennett CF, Lollo B, Griffey R (2004) MicroRNA-143
regulates adipocyte differentiation. J Biol Chem 279:52361–52365

6. Hipfner DR, Weigmann K, Cohen SM (2002) The bantam gene
regulates Drosophila growth. Genetics 161:1527–1537

7. Brennecke J, Hipfner DR, Stark A, Russell RB, Cohen SM (2003)
Bantam encodes a developmentally regulated microRNA that
controls cell proliferation and regulates the proapoptotic gene hid
in Drosophila. Cell 113:25–36

8. Esquela-Kerscher A, Slack FJ (2006) Oncomirs—microRNAs
with a role in cancer. Nat Rev 6:259–269

9. Ciafre SA, Galardi S, Mangiola A, Ferracin M, Liu CG, Sabatino
G, Negrini M, Maira G, Croce CM, Farace MG (2005) Extensive
modulation of a set of microRNAs in primary glioblastoma.
Biochem Biophys Res Commun 334:1351–1358

10. Tsantoulis PK, Gorgoulis VG (2005) Involvement of E2F
transcription factor family in cancer. Eur J Cancer 41:2403–2414

11. DeGregori J (2002) The genetics of the E2F family of transcription
factors: shared functions and unique roles. Biochim Biophys Acta
1602:131–150

12. Olsson AY, Feber A, Edwards S, Te Poele R, Giddings I, Merson
S, Cooper CS (2007) Role of E2F3 expression in modulating
cellular proliferation rate in human bladder and prostate cancer
cells. Oncogene 26:1028–1037

13. Sylvestre Y, De Guire V, Querido E, Mukhopadhyay UK,
Bourdeau V, Major F, Ferbeyre G, Chartrand P (2007) An E2F/
miR-20a autoregulatory feedback loop. J Biol Chem 282:2135–2143

14. Woods K, Thomson JM, Hammond SM (2007) Direct regulation
of an oncogenic micro-RNA cluster by E2F transcription factors. J
Biol Chem 282:2130–2134

15. Tazawa H, Tsuchiya N, Izumiya M, Nakagama H (2007) Tumor-
suppressive miR-34a induces senescence-like growth arrest

50 J Mol Med (2009) 87:43–51



through modulation of the E2F pathway in human colon cancer
cells. Proc Natl Acad Sci U S A 104:15472–15477

16. Chen C, Ridzon DA, Broomer AJ, Zhou Z, Lee DH, Nguyen JT,
Barbisin M, Xu NL, Mahuvakar VR, Andersen MR, Lao KQ,
Livak KJ, Guegler KJ (2005) Real-time quantification of micro-
RNAs by stem-loop RT-PCR. Nucleic Acids Res 33:e179

17. Yan X, Chao T, Tu K, Zhang Y, Xie L, Gong Y, Yuan J, Qiang B,
Peng X (2007) Improving the prediction of human microRNA target
genes by using ensemble algorithm. FEBS Lett 581:1587–1593

18. Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, Noch E,
Aldler H, Rattan S, Keating M, Rai K, Rassenti L, Kipps T,
Negrini M, Bullrich F, Croce CM (2002) Frequent deletions and
down-regulation of micro-RNA genes miR15 and miR16 at 13q14
in chronic lymphocytic leukemia. Proc Natl Acad Sci U S A
99:15524–15529

19. Calin GA, Ferracin M, Cimmino A, Di Leva G, Shimizu M,
Wojcik SE, Iorio MV, Visone R, Sever NI, Fabbri M, Iuliano R,
Palumbo T, Pichiorri F, Roldo C, Garzon R, Sevignani C, Rassenti
L, Alder H, Volinia S, Liu CG, Kipps TJ, Negrini M, Croce CM
(2005) A MicroRNA signature associated with prognosis and
progression in chronic lymphocytic leukemia. N Engl J Med
353:1793–1801

20. Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D,
Sweet-Cordero A, Ebert BL, Mak RH, Ferrando AA, Downing
JR, Jacks T, Horvitz HR, Golub TR (2005) MicroRNA expression
profiles classify human cancers. Nature 435:834–838

21. Johnson SM, Grosshans H, Shingara J, Byrom M, Jarvis R, Cheng
A, Labourier E, Reinert KL, Brown D, Slack FJ (2005) RAS is
regulated by the let-7 microRNA family. Cell 120:635–647

22. Saito Y, Liang G, Egger G, Friedman JM, Chuang JC, Coetzee
GA, Jones PA (2006) Specific activation of microRNA-127 with
downregulation of the proto-oncogene BCL6 by chromatin-
modifying drugs in human cancer cells. Cancer Cell 9:435–443

23. Calin GA, Sevignani C, Dumitru CD, Hyslop T, Noch E,
Yendamuri S, Shimizu M, Rattan S, Bullrich F, Negrini M, Croce
CM (2004) Human microRNA genes are frequently located at
fragile sites and genomic regions involved in cancers. Proc Natl
Acad Sci U S A 101:2999–3004

24. Welch C, Chen Y, Stallings RL (2007) MicroRNA-34a functions
as a potential tumor suppressor by inducing apoptosis in
neuroblastoma cells. Oncogene 26:5017–5022

25. Loffler D, Brocke-Heidrich K, Pfeifer G, Stocsits C, Hackermuller
J, Kretzschmar AK, Burger R, Gramatzki M, Blumert C, Bauer K,
Cvijic H, Ullmann AK, Stadler PF, Horn F (2007) Interleukin-6
dependent survival of multiple myeloma cells involves the Stat3-
mediated induction of microRNA-21 through a highly conserved
enhancer. Blood 110:1330–1333

26. Giannakakis A, Sandaltzopoulos R, Greshock J, Liang S,
Huang J, Hasegawa K, Li C, O’Brien-Jenkins A, Katsaros D,
Weber BL, Simon C, Coukos G, Zhang L (2008) miR-210 links
hypoxia with cell cycle regulation and is deleted in human
epithelial ovarian cancer. Cancer Biol Ther 7(2):255–264

J Mol Med (2009) 87:43–51 51


	MicroRNA-128 inhibits glioma cells proliferation by targeting transcription factor E2F3a
	Abstract
	Introduction
	Materials and methods
	Results
	MiR-128 is down-regulated in human glioma tissues and cell lines
	Overexpression of miR-128 inhibits cellular proliferation in T98G cells
	MiR-128 negatively targets E2F3a in 3′UTR


	a
	Outline placeholder
	Knockdown of E2F3a in T98G cells resulted in similar phenotype as overexpression of miR-128
	Overexpression of E2F3a rescued the effect of miR-128 overexpression

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


