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miR-181b inhibits chemoresistance in cisplatin-resistant 
H446 small cell lung cancer cells by targeting Bcl-2
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A b s t r a c t

Introduction: MicroRNAs (miRNAs) are a  group of small non-coding RNAs 
that affect multiple aspects of tumor biology including chemo resistance. 
miR-181b has been reported to modulate multidrug resistance in non-small 
cell lung cancer cells. This study was undertaken to determine the role of 
miR-181b in chemo resistance of small cell lung cancer cells. 
Material and methods: This study was undertaken to determine the role of 
miR-181b in chemoresistance of small cell lung cancer cells with use of qRt-PCR,  
WB, bioinformatics analysis, and double luciferase reporter system.
Results: Our data showed that miR-181b was significantly downregulated 
in cisplatin-resistant H446 small cell lung cancer cells, compared to parental 
cells, compared to parental cells. Ectopic expression of miR-181b inhibited cell 
proliferation and invasion in cisplatin-resistant H446 cells (p = 0.023). More-
over, overexpression of miR-181b increased the susceptibility of cisplatin-re-
sistant H446 cells to cisplatin. Mechanistic investigations demonstrated that 
miR-181b inhibited B-cell lymphoma-2 (Bcl-2) expression by binding to the 
3′-untranslated region. Overexpression of Bcl-2 reversed miR-181b-mediated 
chemo sensitization, which is accompanied by a reduced apoptotic response. 
Conclusions: Taken together, this work demonstrated that miR-181b might 
have the ability to overcome chemo resistance of small cell lung cancer cells, 
and restoration of this miRNA may represent a potential therapeutic strate-
gy for improving chemo sensitivity in small cell lung cancer.
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Introduction

Small-cell carcinoma (also known as small-cell lung cancer, or oat-cell 
carcinoma) is a  type of highly malignant cancer that most commonly 
arises within the lung, although it can occasionally arise in other body 
sites, such as the cervix, prostate, and gastrointestinal tract [1–4]. Com-
pared to non-small cell carcinoma, small cell carcinoma has a  shorter 
doubling time, higher growth fraction, and earlier development of metas-
tases. Although advances in the diagnosis of small-cell lung cancer pa-
tients in early stages have been achieved and efficient treatments have 
been developed, the prognosis of patients with small-cell lung cancer 
remains poor, and their 5-year survival rate is less than 50% [5]. The 
exact mechanisms underlying small-cell lung cancer formation and pro-
gression are also unknown. Thus, further investigations on the molecular 
mechanism of small-cell lung cancer occurrence and development may 
be advantageous to identify novel biomarkers and therapeutic strategies 
to improve the survival of patients with this disease.
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MicroRNAs (miRNAs) are a subtype of endoge-
nous, single strand, noncoding and short RNAs 19–
25 nucleotides in length [6–9]. miRNAs negatively 
modulate the expression of protein-coding genes 
through binding to complementary sequences in 
the 3′-untranslated regions (3′-UTRs) of their target 
genes, resulting in either mRNA cleavage and/or 
translational repression. miRNAs have been proven 
to play crucial roles in a variety of critical cellular 
processes, including cell proliferation, apoptosis, 
differentiation, invasion, angiogenesis and metas-
tasis [10]. Recently, increasing numbers of studies 
have reported that numerous miRNAs are aberrant-
ly expressed and involved in the occurrence and de-
velopment of human cancer [11–13]. In small-cell 
carcinoma, several abnormally expressed miRNAs 
and their biological roles have been reported. For 
instance, miR-422a was downregulated in OS tis-
sues and cell lines. Upregulation of miR-422a sup-
pressed small-cell carcinoma cell proliferation and 
invasion, and improved paclitaxel and cisplatin-me-
diated apoptosis [14].

miR-181b is abnormally expressed in several 
types of human cancer [15–19]. This finding sug-
gests that miR-181b may play important roles in 
these types of cancer. However, the detailed expres-
sion level, biological roles and underlying mecha-
nism of miR-181b in cisplatin-mediated apoptosis 
remain unknown. Therefore, it is essential to inves-
tigate the expression level and the role of miR-181b 
in chemo resistance of small cell lung cancer cells 
and its underlying molecular mechanism, which 
may a provide novel and efficient therapeutic strat-
egy for patients with small cell lung cancer. 

Material and methods

Cell lines and transfection

Cisplatin-resistant cell line H446 and the corre-
sponding parental cells were purchased from the 
Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China) and cul-
tured in Dulbecco’s Modified Eagle Medium (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
supplemented with 10% fetal bovine serum (FBS), 
100 units/ml penicillin and 100 mg/ml streptomy-
cin (all from Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). All of the cells were grown at 
37°C in a humidified environment with 5% CO

2.
miR-181b mimics and negative control miR-

NAs mimics (miR-NC) were synthesized by Shang-
hai GenePharma Co., Ltd. (Shanghai, China). The 
Bcl-2-expressing vector (pcDNA3.1- Bcl-2) and 
empty vector (pcDNA Bcl-2) were obtained from 
Ribobio (Guangzhou, China). The cells were seed-
ed in a  six-well plate (Corning, Inc., Corning, NY, 
USA) at a  density of 60–70% confluence, incu-
bated overnight at 37°C and transfected with Li-

pofectamine 2000 (Invitrogen Life Technologies, 
Carlsbad, CA, USA) according to the manufactur-
er’s instructions.

Reverse transcription–quantitative 
polymerase chain reaction (RT‑qPCR)

RNA extraction was performed using a  Trizol 
reagent (Invitrogen, Carlsbad, CA, USA) according 
to the manufacturer’s instructions. miRNA was 
reverse-transcribed using a TaqMan MicroRNA Re-
verse Transcription Kit (Applied Biosystems, Fos-
ter City, CA, USA) and qPCR was conducted with 
a TaqMan MicroRNA PCR Kit (Applied Biosystems, 
Foster City, CA, USA), according to the manufactur-
er’s instructions. To quantity Bcl-2 mRNA expres-
sion, reverse transcription was performed with 
the M-MLV Reverse Transcription system (Promega 
Corporation, Madison, WI, USA). SYBR Premix Ex 
Taq (TaKaRa, Dalian, China) was used to measure 
Bcl-2 mRNA expression. All RT-qPCR was performed 
using the ABI7500 Real-time PCR system (Applied 
Biosystems, Carlsbad, CA, USA). The endogenous 
U6 small nuclear RNA (U6 snRNA) and β-actin were 
amplified as internal controls for miR-181b and  
Bcl-2 mRNA, respectively. Relative miRNA or mRNA 
expression was determined using the 2–ΔΔCt method.

Cell counting Kit-8 (CCK8) assay

The CCK8 assay (Dojindo Molecular Technolo-
gies, Inc., Kumamoto, Japan) was used for analyz-
ing the cell proliferation following the manufac-
turer’s instructions. Briefly, transfected cells were 
collected at 24 h after transfection, and reseeded 
into 96-well plates at a density of 3 × 103 cells per 
well. Cells were incubated at 37°C and cell prolif-
eration was examined every 24 h according to the 
manufacturer’s instructions (0 h, 24 h, 48 h, 72 h). 
Ten μl of CCK8 solution was added into each group 
of cells and incubated at 37°C for 4 h. The absor-
bance of each sample was determined at a wave-
length of 450 nm using an automatic multi-well 
spectrophotometer (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA). All samples were analyzed in 
triplicate and repeated three times. 

Cell invasion assay

Cell invasion assays were conducted using 
Transwell chamber inserts (Costar; Corning Life 
Sciences, Cambridge, MA, USA) with Matrigel (BD 
Biosciences, San Jose, CA, USA) according to the 
manufacturer’s protocol. Briefly, transfected cells 
were collected at 48 h after transfection, and 
seeded into the upper chamber of the insert at 
a density 5 × 104 in 200 μl of FBS-free medium. 
The bottom of the insert was filled with DMEM 
containing 20% FBS to serve as a chemo attrac-
tant. After 20 h of incubation, the cells remaining 
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on the upper membrane were carefully removed 
using cotton swabs. The invasive cells were fixed 
in 100% methanol, stained with 0.5% crystal 
violet, washed with PBS, and dried in air. Pho-
tographs of five manually selected fields of the 
invasive cells were taken at 200× magnification 
and counted under an inverted light microscope 
(Olympus, Tokyo, Japan). 

miR-181b targets prediction and luciferase 
reporter assay 

The target genes of miR-181b were predicted 
using two miRNA targeted-gene databases: Tar-
getScan (http://www.targetscan.org/index. html) 
and Pictar (http://pictar.mdc-berlin.de/). HEK 
293T cells (ATCC) were seeded into 24-well plates 
at a density of 40–50% confluence. The next day, 
HEK 293T cells were transfected with pmirGLO-
Bcl-2-3′UTR-wild type (Wt) or pmirGLO-Bcl-2-
3′UTR-mutant (Mut) (GenePharma), and miR-181b 
mimics or miR-NC using Lipofectamine 2000. Cells 
were then incubated at 37°C in 5% CO2 for 2 days. 
Transfected cells were harvested and subjected to 
the luciferase reporter assay using the Dual-Lu-
ciferase Reporter assay system (Promega Corpo-
ration, Madison, WI, USA). Renilla luciferase was 
used as an internal control to correct for differenc-
es in both transfection and harvesting efficiencies. 

Statistical analysis

All of the data were represented as mean±S.D. 
or box plots. Data were analyzed using SPSS 18.0 
software (SPSS, Inc, Chicago, IL). Differences be-
tween groups were compared with Student’s 
t-test or one-way ANOVA plus multiple compar-
isons. The association between miR-181b and  
Bcl-2 mRNA expression was analyzed by Spear-
man’s correlation analysis. A double-tailed p-value 
less than 0.05 was considered to be statistically 
significant.

Results

miR-181b was downregulated in cisplatin-
resistant H446 small cell lung cancer cells

RT-qPCR was used to examine miR-181b ex-
pression in cisplatin-resistant H446 small cell lung 
cancer cells and associated parental cells. The data 
showed that the miR-181b expression level was 
reduced in cisplatin-resistant H446 in comparison 
with that in parental cells (Figure 1, p < 0.05). 

miR-181b overexpression inhibits cell 
proliferation and invasion in cisplatin-
resistant H446 

To explore the roles of miR-181b in cisplatin-re-
sistant cells, H446 was transfected with miR-181b 

mimics to increase the endogenous miR-181b ex-
pression. Using RT-qPCR, we found that miR-181b 
was markedly upregulated in cisplatin-resistant 
cells, H446 transfected with the miR-181b mimics 
compared with the cells transfected with miR-NC 
(Figure 2 A, p <0.05). To investigate the effect of 
miR-181b on cisplatin-resistant cell proliferation, 
the CCK8 assay was performed in H446 cells 
transfected with miR-181b mimics or miR-NC. The 
miR-181b upregulation inhibited the proliferation 
of cisplatin-resistant cells (Figure  2 B). A  cell in-
vasion assay was conducted to evaluate the ef-
fects of miR-181b on the invasion capacity of cis-
platin-resistant cells. The restored expression of 
miR-181b reduced the invasive capacities of cis-
platin-resistant cells (p < 0.05) (Figure 2 C). These 
observations revealed that miR-181b functioned 
as a tumor suppressor in cisplatin-resistant cells. 

Bcl-2 is a direct target of miR-181b

Bioinformatics analysis was conducted to 
predict the putative targets of miR-181b and to 
investigate the molecular mechanism by which 
miR-181b repressed cisplatin-resistant cell prolif-
eration and invasion. Numerous genes were iden-
tified as potential targets of miR-181b, and Bcl-2 
(Figure 3 A) was selected for further confirmation. 
A luciferase reporter assay was carried out to in-
vestigate whether Bcl-2 was a target for miR-181b. 
HEK293T cells were co-transfected with pGL3-Bcl-
2-3′-UTR Wt or pGL3Bcl-2-3′-UTR Mut and miR-
181b mimics or miR-NC. We found that the up-
regulation of miR-181b significantly reduced the 
luciferase activity of pGL3-Bcl-2-3′-UTR Wt (Fig- 
ure 3 B, p < 0.05). By contrast, the cells transfect-
ed with pGL3-Bcl-21-3′-UTR Mut were unaffected. 
This finding suggested that miR-181b could di-
rectly target the 3′-UTR of Bcl-2. To confirm the 
endogenous regulatory role of miR-181b in rela-
tion to Bcl-2, we determined the Bcl-2 expression 
in cisplatin-resistant cells, H446 cells transfected 

Figure 1. miR-181b expression was downregulated 
in cisplatin-resistant H446 cells RT-qPCR analysis 
of miR-181b expression in cisplatin-resistant H446 
cells and nornal H446 cells
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with miR-181b mimic or miR-NC. The mRNA levels 
of Bcl-2 were downregulated in cisplatin-resistant 
cells transfected with miR-181b mimic (p < 0.05) 
(Figure  3 C). These results suggested that Bcl-2 
might be a direct target of miR-181b in cisplatin- 
resistant H446 cells. 

Discussion

Dysregulation of miRNAs is a common event in 
many human tumors, and dysregulated miRNAs 
may play important roles in tumorigenesis and 
tumor development by functioning as tumor sup-
pressors or oncogenes. Moreover, accumulated 
studies have demonstrated that targeting miRNA 

using chemically modified oligonucleotides is ca-
pable of invalidating the functions of miRNAs in 
human cancer, which may provide the theoretical 
basis for miRNA-based targeted therapy in spe-
cific cancer. Hence, investigation of miRNA ex-
pression patterns and biological roles, as well as 
their underlying molecular mechanisms, may be 
developed as a valuable strategy for cancer treat-
ment. In this study, we found significant downreg-
ulation of miR-181b in cisplatin-resistant H446 
cells. Furthermore, functional experiments re-
vealed that enforced expression of miR-181b sup-
pressed cisplatin-resistant H446 cell proliferation 
and invasion. Moreover, Bcl-2 was demonstrated 
as a direct and functional target of miR-181b in 

Figure 2. miR-181b overexpression inhibited pro-
liferation and invasion of cisplatin-resistant H446 
cells. A – Transfection efficiency of miR-181b mim-
ic in cisplatin-resistant H446 cells, as revealed by 
RT-qPCR 48 h after transfection with miR-NC as 
a negative control. B – CCK8 assay was performed 
to examine the effects of miR-181b on proliferation 
of cisplatin-resistant H446 cells. Compared with 
the proliferation of cells transfected with miR-NC, 
the proliferation of cisplatin-resistant H446 cells 
transfected with miR-181b mimic was reduced.  
C – Cell invasion assay of cisplatin-resistant H446 
cells transfected with miR-181b mimic or miR-NC
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cisplatin-resistant H446 cells. These findings may 
be the first time that the expression and roles of 
miR-181b in cisplatin-resistant H446 cells have 
been revealed.

Aberrant miR-181b expression has been ob-
served in various human cancers [20–23]. For 
instance, miR-181b is weakly expressed in he-
patocellular carcinoma. miR-181b expression is 
correlated with multiple tumor nodes, high Ed-
mondson-Steiner grading, advanced tumor node 
metastasis stage and venous infiltration of hepa-
tocellular carcinoma patients. miR-181b is also 
validated as a novel prognostic indicator to predict 
the 5-year overall and disease-free survival of he-
patocellular carcinoma patients. In gastric cancer, 
the miR-181b expression level is downregulated 
in tumor tissues and related to advanced clinical 
stage for patients with gastric cancer. miR-181b 
downregulation is also observed in nonsmall cell 
lung cancer and colorectal cancer. However, miR-
181b expression is increased in oral squamous 
cancer tissues and cell lines. These findings sug-
gested that miR-181b expression exhibits tissue 
specificity and may be a diagnostic and prognostic 
marker for cancers. These findings also suggest-
ed that miR-181b is involved in the tumorigene-
sis and progression of these cancer types and is 
a promising therapeutic target for the treatment 
of cancers.

miRNAs perform their biological roles by neg-
atively regulating their target genes. Therefore, 
the identification and characterization of the 
targets of altered miRNAs may help elucidate 
the molecular mechanisms involved in carcino-
genesis and progression [15, 16, 24–30]. In this 
study, Bcl-2 was validated as a novel direct target 
of miR-181b in small cell lung cancer. TargetScan 

and Pictar predicted that Bcl-2 was a  potential 
miR-181b target. Secondly, the luciferase reporter 
assay revealed that miR-181b could directly tar-
get the 3′-UTR of Bcl-2. Thirdly, RT-qPCR analysis 
revealed that miR-181b reduced Bcl-2 expression 
at the mRNA level. These findings indicated that 
miR-181b was involved in cisplatin-resistant small 
cell lung cancer carcinogenesis and progression by 
directly targeting Bcl-2.

Bcl-2 is localized to the outer membrane of 
mitochondria, where it plays an important role 
in promoting cellular survival and inhibiting the 
actions of pro-apoptotic proteins [31, 32]. The 
pro-apoptotic proteins in the Bcl-2 family, includ-
ing Bax and Bak, normally act on the mitochon-
drial membrane to promote permeabilization and 
release of cytochrome C and reactive oxygen spe-
cies, which are important signals in the apoptosis 
cascade. These pro-apoptotic proteins are in turn 
activated by BH3-only proteins, and are inhibit-
ed by the function of Bcl-2 and its relative Bcl-Xl. 
Cancer can be seen as a  disturbance in the ho-
meostatic balance between cell growth and cell 
death. Over-expression of anti-apoptotic genes, 
and under-expression of pro-apoptotic genes, can 
result in the lack of cell death that is characteristic 
of cancer. An example can be seen in lymphomas 
[33]. The over-expression of the anti-apoptot-
ic Bcl-2 protein in lymphocytes alone does not 
cause cancer. But simultaneous over-expression of  
Bcl-2 and the proto-oncogene myc may produce 
aggressive B-cell malignancies including lym-
phoma. In follicular lymphoma, a  chromosomal 
translocation commonly occurs between the four-
teenth and the eighteenth chromosomes which 
places the Bcl-2 gene from chromosome 18 next 
to the immunoglobulin heavy chain locus on chro-
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mosome 14. This fusion gene is deregulated, lead-
ing to the transcription of excessively high levels 
of Bcl-2. This decreases the propensity of these 
cells for apoptosis [34].

In conclusion, miR-181b was downregulated 
in cisplatin-resistant small cell lung cancer. miR-
181b inhibited cisplatin-resistant small cell lung 
cancer cell proliferation and invasion by direct-
ly targeting Bcl-2. These results suggested that 
miR-181b might have the ability to overcome che-
moresistance of small cell lung cancer cells, and 
restoration of this miRNA could be a  potential 
therapeutic strategy for improving chemosensitiv-
ity in small cell lung cancer.
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