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Abstract: The aim of this study was to investigate signaling pathways for reversal of microRNA-127-mediated multi-
drug resistance (MDR) in gliomas cells. Adriamycin-resistant glioma cell lines U251/adr and U87-MG/adr were 
established and we found that anti-microRNA-127 markedly reduced microRNA-127 expression levels in a time-
dependent manner, leading to distinct inhibition of cell proliferation and increased apoptosis and the content of 
intracellular Rh123. Silencing of microRNA-127 significantly increased the sensitivity of U251/ADR and U87-MG/
adr cells to adriamycin, compared to cells transfected with negative control siRNA. Silencing of microRNA-127 also 
significantly reduced the mRNA and protein expression levels of MDR1 and MRP1, which are major ATP-binding cas-
sette (ABC) transporter linked to multi-drug resistance in cancer cells. And Runx2, p53, bcl-2 and survivin, which are 
important role in cell apoptosis, also markedly changed after microRNA-127 silencing. In addition, down-regulating 
microRNA-127 decreased the level of phosphorylated-Akt. Our data indicate that down-regulation of micorRNA-127 
can trigger apoptosis and overcome drug resistance of gliomas cells. Therefore, this resistance of adriamycin in 
gliomas can be cancelled by silencing expression of microRNA-127.
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Introduction

Glioma, as a common neurological malignancy, 
has become a major public health issue in the 
contemporary society. The treatment of malig-
nant glioma is mainly relying on surgical exci-
sion at present, supported by postoperative 
radiotherapy and chemotherapy [1, 2]. However, 
the treatment of tumor is a complex process. 
Resistance of cancer cells to chemotherapy 
continues to be a major clinical obstacle to the 
successful treatment of cancer, including glio-
mas. Cause of tumor multidrug resistance 
(MDR) is very complexed and reduced survival 
of the patients [3, 4], resolving the issue of 
tumor MDR and searching for the target to over-
come drug resistance has important signifi-
cance in the treatment of many tumors, includ-
ing gliomas.

MicroRNAs, a group of short non-coding RNAs, 
which play important roles in a variety of bio-

logic processes. They have been shown to have 
both diagnostic and prognostic significance and 
to constitute a novel target for cancer treat-
ment [5]. Recently, miRNAs have been associ-
ated with cell chemosensitivity or chemothera-
py resistance in a variety of cancer cell types, 
including gliomas [6, 7]. microRNA-127 was dif-
ferentially expressed in a number of metabolic 
pathways, including cell proliferation, cycle 
arrest, angiogenesis and apoptosis, and acted 
as a tumor suppressor gene in several tumor 
development processes [8-12]. Zhou J et al 
found that miR-127 was proposed to be a tumor 
suppressor in human hepatocellular carcinoma 
cells [13]. These results indicated that microR-
NA-127 might be linked to gliomas chemothera-
py resistance. However, the role of microR-
NA-127 in chemotherapy resistance in gliomas 
remains elusive.

The objective of this study was to investigate 
whether the down-regulation of microRNA-127 
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could sensitize gliomas cells to adriamycin.  
We down-regulated the expression of microR-
NA-127 by specific miRNA inhibitor, and con-
ducted cellular proliferation, cell cycle, apopto-
sis, Rh123 content and drug sensibility assays 
to elucidate the role of microRNA-127 in adria-
mycin-resistance human glioma cell lines.

Materials and methods

Main reagents and instruments

Human glioma cell lines U251 and U87-MG 
were purchased from Cell Bank (Shanghai) of 
Type Culture Collection Committee of the 
Chinese Academy of Sciences; viral vectors  
and related reagents for shRNAs-mediated 
silencing were purchased from GenePharma 
(Shanghai); MTS and RT-PCR kit were pur-
chased from Promega; flow cytometry kit was 
purchased from BD Biosciences; various mono-
clonal antibodies were purchased from Santa 
Cruz; ECL immunoblotting substrate kit was 
purchased from Millipore; microplate reader: 
Thermo; PCR instrument: Thermo; flow cytom-
eter: BD Biosciences.

Cell culture and induction of adriamycin-resis-
tant cell lines

The cells were cultured in an incubator under 
37°C, 5% CO2 and saturated humidity condi-
tion. The culture medium was DMEM supple-
mented with 10% FBS. The cells were digested 
with 0.25% trypsin-EDTA for passaging. Cells in 
logarithmic growth phase were used in all 
experiments. To obtain adriamycin-resistant 
cell lines, U251 and U87-MG were cultured in 
medium containing 10 nM adriamycin. One day 
later, the medium was changed to adriamycin-
free medium to resume the culture for 6 d. 
Using 7 d as a cycle, adriamycin concentration 
was doubled each time; the above procedures 
were repeated until the cell clones were able to 
tolerate 2 μM or higher concentration of adria-
mycin. The adriamycin-resistant cell lines were 
named U251/Adr and U87-MG/Adr, respect- 
ively.

microRNA-127 inhibitor preparation

Two miArrest miRNA inhibitors, which are vec-
tor-based microRNA inhibitors, block microR-
NA-127 regulation of target gene expression 
were offered by GeneCopoeia company 

(Guangzhou, China). And the two miArrest 
miRNA inhibitors were named sh1 and sh2.
Transfection was carried out and then the suc-
cessfully transfected cells were screened out in 
accordance with the reagent instructions.

MTS assay

The cells in logarithmic growth phase, 1×105 
cells/ml, were seeded in 96-well microplates, 
100 μl/well, and cultured overnight to allow cell 
adherence. The medium was removed after 
continuous culture for 72 h; MTS was added in 
accordance with the reagent instructions to 
continue the culture for 4 h. Finally, the OD 
value was measured at 490 nm wavelength 
with a microplate reader to represent the cell 
counts. The inhibition rate of this drug on cells 
was calculated as follows: inhibition rate = 
(1-experimental group OD/control group OD) 
×100%.

Flow cytometry

The cells in logarithmic growth phase were 
digested with trypsin and the density was 
adjusted to 106 cells per ml with PBS. In cell 
cycle assay, PI staining technique was used; 
the cells were first fixed with 70% ethanol for 2 
h; after washing off the ethanol, the cells were 
stained with the staining solution containing 50 
μg/mL RNaseA, 1% Triton X-100 and 40 μg/mL 
PI (BD) for 30 min to be analyzed with a flow 
cytometer. In apoptosis assay, the collected 
cells were directly stained with Annexin V-FITC/
PI in accordance with the kit instructions. In 
Rh-123 uptake assay, the cells were stained 
with 10 μM Rh-123 for 1 h prior to analysis.

Western blot

The cells were lysed to extract proteins from 
the cell lysate. The proteins were separated in 
12% SDS-PAGE and then transferred onto a 
PVDF membrane; the target proteins were 
detected with different antibodies (4°C over-
night). After washing off the primary antibodies, 
the membrane was incubated with HRP-
conjugated secondary antibody for 1 h. After 
several washes, ECL kit was used to develop 
the immunoreactive bands. Then β-actin was 
used as an internal control to determine not 
only the expression levels of MDR1, MPR1, 
Runx2, p53, bcl-2, survivin, and ErbB4, but also 
the phosphorylation levels of AKT in these cells.
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qRT-PCR

Total RNA was extracted from each group using 
Trizol method. Real-Time PCR Kit was used to 
carry out reverse transcription to obtain the 
cDNA; then, MDR1, MPR1, p53, Runx2, bcl-2, 
survivin, and ErbB4 mRNA levels were detect-
ed; The PCR primers used were as follows: 
5’-CCACATCGCTCAGACACCAT-3’ (sense) and 5’- 
ACCAGGCGCCCAATACG-3’ (antisense) for GAP- 
DH; 5’-CGGATTGACTGAATGCTGATT-3’ (sense) 
and 5’-ACTCACTTCAGGAAGCAACCA-3’ (antisen- 
se) for MDR1; 5’-GTGATCCTCGACAGGAAGGA-3’ 
(sense) and 5’-ATGCTCACTTTCTGGCTGGT-3’ 
(antisense) for MRP1; 5’-GAGGTTGGCTCTGAC- 

Statistical analysis

Experimental data were expressed as mean ± 
standard deviation; SPSS13.0 software was 
used for analysis. One-way ANOVA was carried 
out for comparison; P<0.05 indicated statisti-
cally significant differences.

Results

Generation of adriamycin-resistant glioma cell 
lines

After the in vitro screening, an adriamycin-
resistant cell lines was obtained, and named 

Figure 1. The expression of microRNA-127 was up-regulated in U251/Adr and U87-MG/Adr cell lines. A. The IC50 
of adriamycin in adriamycin-resistant glioma cell lines and their parental cell lines were detected by MTS assay 
(*P<0.05). B. The expression of microRNA-127 in these cell lines were detected by qRT-PCR (*P<0.05).

Figure 2. Effect of miRNA inhibitor on microRNA-127 expression. After trans-
fected with miRNA inhibitor of microRNA-127, the expression of microRNA-127 
was measured by qRT-PCR. Results are expressed as mean ± SD for three rep-
licate determinations (*P<0.05).

TGTACC-3’ (sense) and 5’- 
TCCGTCCCAGTAGATTAC- 
CAC-3’ (antisense) for p53;  
5’-CCTAAATCACTGAGGC- 
GGTC-3’ (sense) and 5’-CA- 
GTAGATGGACCTCGGGAA-3’ 
(antisense) for Runx2; 5’- 
CGGGAAGCAACAACTCTG- 
AT-3’ (sense) and 5’-GGTG- 
CATCTGGTGATGTGAG-3’ 
(antisense) for Bcl-2; 5’-CT- 
TTCTCCGCAGTTTCCTCA-3’ 
(sense) and 5’-TTGGTGAA- 
TTTTTGAAACTGGA-3’ (anti-
sense) for survivin; 5’-GC- 
AGATGCTACGGACCTTACG- 
3’ (sense) and 5’-GACAC- 
TGAGTAACACATGCTCC-3’ 
(antisense) for ErbB4. The 
real-time PCR reaction was 
conducted under the follow-
ing conditions: 95°C for 30 
s, 40 cycles of 95°C for 5 s 
and 60°C for 60 s.
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U251/Adr and U87-MG/Adr, respectively. MTS 
assay showed that the IC50 of adriamycin of 
U251/Adr and U87-MG/Adr were 3.5±0.04 and 
2.3±0.5 μM, respectively, compared to their 
parental cells 1.05±0.13 μM and 0.7±0.12 μM, 
the IC50 of adriamycin increased markedly 
(P<0.05). qRT-PCR assay showed that U251/
Adr and U87-MG/Adr over-expressed microR-
NA-127, as shown in Figure 1.

miRNA inhibitor significantly inhibit microR-
NA-127 expression level

The shRNA-transfected cell clones were 
obtained successfully and qRT-PCR results 
showed that, after microRNA-127 silencing, 
microRNA-127 expression level in U251/Adr 
and U87-MG/Adr decreased significantly when 
compared to shControl group (P<0.05 and 
P<0.05, respectively Figure 2).

microRNA-127 silencing significantly affects 
cell growth and increases the sensitivity to 
adriamycin

MTS cell proliferation assay showed that, when 
microRNA-127 knocked down, cell growth of 
U251/Adr and U87-MG/Adr were significantly 
inhibited (P<0.05), as shown in Figure 3. In the 
meantime, the sensitivity to adriamycin in 
U251/Adr and U87-MG/Adr increased signifi-
cantly. The results revealed that down-regulat-
ing microRNA-127 could restrain the prolifera-
tion of U251/Adr and U87-MG/Adr cells; 
microRNA-127 might participate in drug-resis-
tant to adriamycin in U251/Adr and U87-MG/

Adr cells, and down-regulating microRNA-127 
expression might improve the drug sensibility.

microRNA-127 silencing arrests the cell cycle, 
potentiates adriamycin-induced apoptosis, and 
increases cellular Rh-123 uptake

When compared with the control group after 
microRNA-127 silencing, the proportion of cells 
in G0/G1 phase increased, as shown in Figure 
4. When compared with the control group after 
the cells have been treated with 0.5 μM adria-
mycin for 24 h, the proportion of apoptosis in 
sh1 and sh2 groups increased significantly, as 
shown in Figure 4. Meanwhile, the intracellular 
Rh-123 fluorescence intensity in sh1 and sh2 
group increased significantly, suggesting that 
the cellular Rh-123 uptake increased. There 
was a dose-effect relationship between all 
these effects and microRNA-127 silencing 
(Figure 5).

microRNA-127 silencing down-regulates 
MDR1, MRP1, Runx2, Bcl-2, Survivin and 
ErbB4 expression while up-regulates p53 ex-
pression

Western blot results showed that, in sh1 and 
sh2 group versus the control group, the intra-
cellular expression level of drug transport-relat-
ed proteins MDR1 and MRP1 were down-regu-
lated; the expression level of cell growth-pro-
moting and anti-apoptosis proteins Runx2, Bcl-
2, Survivin and ErbB4 were also down-regulat-
ed; the expression level of tumor suppressor 
gene p53 was up-regulated; as shown in Figure 
6. qRT-PCR results showed that regulation of 

Figure 3. Effect of microRNA-127 Silenced on cell growth and the sensitivity to adriamycin. After transfected with 
miRNA inhibitor, cell viability of U251/Adr and U87-MG/Adr were measured by MTS assay.
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Figure 4. Effect of microRNA-127 silenced on cell cycle and apoptosis in U251/Adr and U87-MG/Adr. A. The effects of microRNA-127 silence on cell cycle. Down-
regulating microRNA-127 expression led to the percentage of cells in G1/G0 phase increased obviously (P<0.05) and the microRNA-127 silencing increased the 
sensitivity to ADR. B. microRNA-127 silencing induced cell apoptosis in U251/Adr and U87-MG/Adr cell lines (*P<0.05, **P<0.01).
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the expression of all these proteins occurred at 
transcriptional level, as shown in Figure 6.

microRNA-127 silencing inhibits AKT phos-
phorylation

WB results showed that AKT expression was 
not affected significantly after microRNA-127 
silencing, but its phosphorylation level decre- 
ased significantly, suggesting that the activity 
of AKT signaling pathway was inhibited (Figure 
7).

Discussion

In this study, we first obtained adriamycin-resis-
tant gliomas U251/Adr and U87-MG/Adr cell 
lines over-expressing microRNA-127 and then, 
obtained microRNA-127-silencing cell clones 
using vector-based microRNA inhibitors. MTS 
assay showed that microRNA-127 silencing 
slowed down the growth of these cells and 
increased their sensitivity to adriamycin. These 
results suggest that microRNA-127 plays an 
important role in adriamycin resistance of glio-
mas U251/Adr and U87-MG/Adr cell lines. 
Therefore, we further investigated and verified 
the mechanism responsible for reversing 
U251/Adr and U87-MG/Adr cell resistance by 
microRNA-127 silencing.

sting the cell cycle in G0/G1 phase may not be 
the direct reason that silencing microRNA-127 
reverses drug resistance. Under normal circum-
stances, a considerable portion of the tumor 
cells are damaged as a result of exposure to 
chemotherapeutic drugs, leading to apoptosis, 
while the drug-resistant tumor cells can often 
resist apoptosis to repair the damages and sur-
vive [16]. We further analyzed whether microR-
NA-127 silencing increased apoptosis when 
the cells were exposed to adriamycin. The flow 
cytometry analysis of apoptosis confirmed our 
hypothesis. Another common mechanism 
responsible for tumor cell drug resistance is to 
over-express drug transport proteins on the 
membrane, such as MDR1 and MRP1, in order 
to pump drugs out of the cells to reduce the 
intracellular drug concentration [17]. We first 
used flow cytometry to determine cellular 
Rh-123 uptake; the results showed that Rh-123 
uptake declined in drug-resistant cells and, 
after microRNA-127 silencing, significantly 
resumed. Because Rh-123 is the transport 
substrate of both MDR1 and MRP1, the cellular 
Rh-123 uptake can indirectly reflect drug 
absorption by the cells [18, 19]. We used 
Western blot and qRT-PCR to determine intra-
cellular MDR1 and MRP1 expression. The 
results confirmed that their expression was 
regulated by microRNA-127. RUNX2, a key tran-

Figure 5. microRNA-127 silencing increased the intracellular Rh-123 in 
U251/Adr and U87-MG/Adr. After transfected with miRNA inhibitor, intracel-
lular Rh-123 content was measured by flow cytometry.

Since microRNA-127 silencing 
itself can inhibit cell growth, 
we first analyzed cell cycle dis-
tribution after microRNA-127 
silencing. The flow cytometry 
results showed that the pro-
portion of G0/G1 phase inc- 
reased after microRNA-127 
silencing. Because the cells 
cease to grow in G0 phase 
and G1 phase is the starting 
point of a cell cycle, the 
increase in this proportion of 
cells corresponds with cell 
growth arrest. Western blot 
assay showed that p53 pro-
tein expression level was up-
regulated after microRNA-127 
silencing. p53, a tumor sup-
pressor gene, can arrest the 
cell cycle in G1 phase and 
induce apoptosis simultane-
ously [14, 15]. However, arre- 
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scription factor associated with osteoblast dif-
ferentiation, was reported to play important 
role in cell proliferation and apoptosis [20]. In 
gliomas cells, Runx2 expression pattern in 
these cells correlated completely with that of 
galectin-3 [21]. Clinically, RUNX2 over-expres-

tance-related gene expression and promoting 
cell cycle arrest and apoptosis.
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Figure 6. Effect of microRNA-127 silenced on drug transport-related proteins, 
cell cycle and apoptosis related genes in U251/Adr and U87-MG/Adr. The pro-
tein and mRNA expression levels of MDR1, MRP1, Runx2, Bcl-2, Survivin and 
ErbB4 were detected by Western blot (A) and qRT-PCR (B). (*P<0.05).

sion was closely related to 
the poor prognosis of pati- 
ents [22], while silencing or 
inhibiting RUXN2 activity 
was able to suppress tumor 
growth [23, 24]. p53, bcl-2, 
survivin and ErbB4 are all 
also key molecules regulat-
ing the transition of cell 
cycle and apoptosis [25]. 
This study showed that 
silencing microRNA-127 
caused down-regulation of 
their expression, except 
p53, implying that they may 
play a role in U251/Adr and 
U87-MG/Adr drug resis-
tance. AKT signaling path-
way that plays an important 
role in tumorigenesis and 
drug resistance [26]. It was 
found in breast cancer cells 
that microRNA-200c could in- 
crease the sensitivity of 
breast cancer cells to dox- 
orubicin through the sup-
pression of E-cadherin-
mediated PTEN/Akt signal-
ing [27]. This study showed 
that microRNA-127 silenc-
ing inhibited AKT phosphor-
ylation that reflects the 
activity of AKT signaling 
pathway, suggesting that 
AKT also plays a role in 
microRNA-127-mediated 
adriamycin resistance.

In summary, this study 
shows that microRNA-127 
plays a role in adriamycin 
resistance of U251/Adr and 
U87-MG/Adr, and silencing 
microRNA-127 can reverse 
its resistance. Its mecha-
nisms of action may be 
related to regulating resis-
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