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Abstract: Lung cancer is the leading cause of cancer-related deaths worldwide and about 85% of these are non-
small cell lung cancer (NSCLC). Several new chemotherapeutic agents have recently shown encouraging activity in 
NSCLC, especially docetaxel. MiRNAs (MicroRNAs) are closely related to cancer development. We studied miRNAs 
in NSCLC cell lines to identify those that can regulate and predict the effectiveness of docetaxel on NSCLC. CCK8, 
Annexin and V-FITC assays were carried out to evaluate the inhibitory effect of docetaxel on NSCLC cell linesA549 
and H460, and qRT-PCR was used to detect and compare six miRNAs expression levels in the two cells with docetax-
el or not. Knockdown of miR-7 by RNA interference and overexpression of miR-7 were taken to evaluatethe effect of 
miR-7 on docetaxel effectiveness. Western blotting was used to evaluate the effect of miR-7 on Bcl2 in A549 and 
H460 cells. Docetaxel induced non-small cell lung cancer cell apoptosis and suppressed cell proliferation in vitro. 
MiR-7 expression levels were increased by docetaxel in the two cell lines. MiR-7 overexpression improved anti-prolif-
erative and pro-apoptotic effects of docetaxel on the NSCLC cells and that miR-7 down-regulation decreased those 
effects. Moreover, subsequent experiments showed that BCL-2 was downregulated by miR-7 at both transcriptional 
and translational levels. This study further extends the biological role of miR-7 in NSCLC A549 and H460 cells and 
identifies BCL-2 as a novel target possibly involved in miR-7-mediated growth suppression and apoptosis induction 
of NSCLC cells.
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Introduction

Lung cancer is the leading cause of death 
worldwide [1], and non-small cell lung cancer 
(NSCLC) is the most commontype of this dis-
ease. At present, despite a number of random-
ized clinical trials and recent meta-analyses 
have demonstrated that survival in patients 
with advanced stage III or stage IV NSCLC can 
be prolonged with chemotherapy, more than 
one half of non-small-cell lung cancer (NSCLC) 
patients arenot diagnosed until the disease 
reaches an advanced stage. Thus, pathogene-
sis, diagnosis and medical treatments of 
NSCLC still are substantial clinical challenges.

Several new chemotherapeutic agents, such  
as docetaxel and pemetrexed, are useful as 
second- or third-line treatments for NSCLC. 
Docetaxel is a standard second-line chemo-
therapy regimen that is most widely used in 

Japan. A randomized phase III study comparing 
docetaxel and best supportive care demon-
strated better overall survival (OS) for docet- 
axel patients (7.5 vs. 4.6 months, P = 0.047). 
Docetaxel is a cytotoxic anti-microtubule agent 
that binds to the β-tubulin subunit of microtubu-
lin, resulting in stabilizing microtubules and  
preventing depolymerization, which leads to  
the inhibition of microtubule dynamics and cell 
cycle arrest and eventually apoptotic cell death 
[2-4]. More recent work suggests docetaxel  
has been widely used against different cancers 
such as ovarian cancer, lung cancer, breast 
cancer and is the first line treatment for castra-
tion-resistant prostate cancer [5-10]. However, 
the biological function and mechanisms of 
docetaxel in lung cancer, especially in NSCLC, 
remain to be further elucidated.

MicroRNAs (miRNAs) are a group of non-coding 
RNA (~22 nt) post-transcriptional regulators for 

http://www.ijcep.com


The role and molecular mechanisms of docetaxel in non-small-cell lung cancer

9073 Int J Clin Exp Pathol 2015;8(8):9072-9080

gene expression [11]. MiRNAs are responsible 
for various biological and pathological process-
es, including cancer development and progres-
sion [12-15]. MiRNA is able to function as either 
a tumor suppressor or an oncogene [16, 17]. 
Indeed, a number of differentially regulated 
miRNAs, such as miR-451 [18], let-7a [19], miR-
21 [20], miR-205 [21, 22], miR-126 [22] and 
miR-7 [23-27], have been identified to be func-
tionally associated with cancer cell prolifera-
tion, invasion andmetastasis. Among them, 
miR-7 was first studied in Drosophila [28]. In 
2008, it was identified as a tumor suppressor 
in glioblastomas [25], directly targeting EGFR 
as well as downregulating the AKT pathway to 
decrease viability and invasiveness of cancer-
cells. This effect was confirmed in the A549 
lung cancer cellsa year later [27]. Moreover, a 
recent study identified that miR-7 was reported 
to inhibit A549 cell growth by targeting BCL-2 
[29]. Still, few studieshave assessed the rela-
tionship between miRNAs and the effect of 
Docetaxel on NSCLC.

In the present study, we observed that 
Docetaxel inhibited two NSCLC cell lines prolif-
eration in vitro. MiR-7 expression levels were 
increased by docetaxel in the two cell lines. 
Regulation of miR-7 could affect the inhibition 
of proliferation and apoptosis of NSCLC cells 
induced by docetaxel. MiR-7 also increased 
Bcl2 protein expression in A549 and H460 
cells. Collectively, our results suggest that 
miR-7 may be a target and an indicator of 
docetaxel’s effects on NSCLC.

Materials and methods

Cell lines and cell culture

A549, H460 and 293T cell lines were provided 
by Institute of Biochemistry and Cell Biology of 
Chinese Academy of Science (China) and origi-
nated from ATCC. All cells were grown in DMEM 
supplemented with 10% fetal bovine serum, 2 
μM glutamine, 100 IU/ml penicillin, and 100 
μg/ml streptomycin sulfates. Docetaxel (docet- 
axel) was purchased from Sigma (St. Louis, 
MO), dissolved in DMSO.

RNA extraction

Total RNA of cultured cells was extracted with 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s protocol. RNAs 

were then stored at -80°C before RT-PCR 
analysis.

Quantitative RT-PCR (qRT-PCR) for miRNA

For mature miRNA expression analysis, approx-
imately 10 ng of RNA was converted to cDNA 
using the ABI miRNA reverse transcription kit 
(Applied Biosystems, Foster City, CA) along with 
miR-7-specific primers (Applied Biosystems, 
Foster City, CA). After reverse transcription, 
quantitative polymerase chain reaction (PCR) 
was performed on the ABI 7500 thermocycler 
(Applied Biosystems, Foster City, CA) accord- 
ing to the manufacture’s protocol. U6 gene  
was used as a normalization control for all 
samples.

qRT-PCR for mRNA expression

Synthesis of cDNA was performed on 1 μg of 
total RNA per sample with the primerScript RT 
reagent Kit (TaKaRa, Dalian, China) according 
to the manufacturer’s manual. Quantitative 
reverse transcription-PCR was performed in 
triplicate for each sample by FastStart Universal 
SYBR Green Master kit (Roche, Switzerland) 
according to the manufacturer’s instructions. 
Oligonucleotides were designed by the Primer- 
Express software. GAPDH was used as a house-
keeping gene for normalization. The sequences 
of primers in this section are the followings: (1) 
BCL-2: 5’-atgtgtgtggagagcgtcaacc-3’ (forward) 
and 5’-tgagcagagtcttcagagacagcc-3’ (reverse); 
(2) GAPDH: 5’-tgcaccaccaactgcttagc-3’ (for-
ward) and 5’-gcatggactgtggtcatgag-3’ (reverse).

MiRNAs mimic and transfection

The human miR-7 duplex mimic (miR-7) and-
negative control oligonucleotide duplex mimic 
(miR-NC) were designed and provided by Ribo-
bio (Guangzhou, Guangdong, China). 30-50% 
confluentcells were transfected with miRNAs by 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA) according to themanufacturer’s protocol. 
Total RNA was extracted 24 hours after trans-
fection, and total cell protein wereextracted 48 
or 72 hours after transfection.

Cell proliferation assay

Cell proliferation assay was determined by 
CellCounting Kit-8 assay (Dojindo, Japan), a 
redox assay similar to 3-(4,5-dimethylthiazol-
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Figure 1. Docetaxel suppressed cell proliferation and induced apoptosis of 
A549 cells and H460 cells. Cells were treated with different doses of docetaxel 
(0, 0.025, 0.05, 0.1, 0.2, 0.4 and 1.0 μM) for 48 h. A. The cell viability was 
determined using a Cell Counting kit-8 assay. B. Apoptosis of A549 and H460 
cells were detected by Annexin V/PI assay following 72-h exposure to docetaxel. 
Results are shown as mean ± SEM. Data is representative of three independent 
experiments.

2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
according to the manufacture’s protocol. Cell 
proliferation assay was carried out in hexakis.

Determination of apoptosis

The extent of apoptosis was determined by the 
flow cytometric measurement through Anne- 

ment. As shown in Figure 1A, docetaxel show- 
ed a dose-dependent inhibitory effect on the 
NSCLC cell growth. One of the mechanisms of 
docetaxel-mediated cytotoxicity is inducing 
apoptotic cell death. We therefore measured 
apoptosis induced by docetaxel in these cells. 
As shown in Figure 1B, docetaxel treatment 
induces considerably apoptosis in A549 cells in 

xinV-FITC apoptosis detec-
tion kit (Beyotime, China). 
Cells treated as above 
described. After 4 d, cells 
were harvested and wash- 
ed twice with cold PBS. 
Then, cells were stained in 
1 mL AnnexinV binding buf-
fer with 10 μL of PI solution 
and 5 μL of AnnexinV-FITC 
for 10 min at RT and ana-
lyzed by flow cytometry.

Western blot analysis

Proteins extracted from 
cells were immunoblotted 
with different antibodies 
following a published proto-
col [30]. The primary anti-
bodies used were BCL- 
2 (1:5000 dilutions) and 
GAPDH (1:5000 dilutions) 
(Cell Signaling, Danvers, 
MA, USA).

Statistical analysis

Data are reported as mean 
± standard deviation (SD). 
Statistical significance was 
determined using double-
sided Student’s t test. Mul- 
tiple groups were analyzed 
using ANOVA. A P value of 
less than 0.05 was consid-
ered to be significant.

Results

Effects of docetaxel on pro-
liferation and apoptosis of 
NSCLC cells in vitro

A549 cell was treated with 
increasing doses of docet- 
axel, and cell numbers were 
counted after 48 h treat-
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a dose dependent manner. Collectively, these 
results demonstrate that docetaxel could inhib-
it in vitro proliferation of NSCLC cells.

We also tested whether docetaxel could induce 
the proliferative and apoptosis capacity of 
another NSCLC cell line, H460. H460 showed  
a similar proliferation rate and apoptotic rate 
even after 72 hours in culture (Figure 1A, 1B). 
These findings indicate that docetaxel may play 
an important role in the proliferation and apop-
tosis of NSCLC cells.

MiR-7 expression levels were upregulated by 
docetaxel in NSCLC cells

Some studies have reported that miRNAs can 
regulate the efficacy of chemotherapy drugs 
and molecule-targeted drugs [31]. They may 
become a novel type of biomarkerto predict 
and regulate chemotherapy. Thus, we took qRT-
PCR to evaluate the changes of six miRNAs 
expression relative with NSCLC induced by 
docetaxel treatment. As shown in Figure 2, 
qRT-PCR assays demonstrated that miR-7 

Figure 2. Expression of miR-7 is upregulated by docetaxel in NSCLC cell lines. Six miRNAs expression in NSCLC cell 
lines were measured by quantitative polymerase chain reaction (*P<0.05, **P<0.01).
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expression levels were increased after treat-
ment with docetaxel A549 and H460 cells, and 
all other 5 miRNAs have no changes in both 
A549 and H460 cell lines.

Overexpression of miR-7 suppressed the ex-
pression of BCL-2 in vitro

A recent study identified that miR-7 was report-
ed to inhibit A549 cell growth by targeting BCL-
2. To directly test whether miR-7 can repress 
BCL-2, we transiently transfected A549 and 
H460 cells with miR-7 mimics. As a control, 
cancer cells were transfected with negative 
control mimic (miR-NC) without specifically tar-
geting any human gene products. As shown in 
Figure 3A, after transfection with miR-7 mimic 
in A549, the expression of miR-7 was up-regu-
lated by about 5.5-fold compared with control 
group and miR-7 showed similar up-regulated 
expression level in H460 cells.

To assess whether miR-7 had a functional role 
in downregulation of endogenous BCL-2 expres-

sion, A549 and H460 cells were transfected 
with miR-7 mimic for 24 h and then analyzed 
the BCL-2 expression by real-time PCR. As a 
result, overexpression of miR-7 significantly 
reduced the expression of BCL-2 at mRNA level 
(Figure 3B). Protein level of BCL-2 expression 
was further analyzed by Western blot. Com- 
pared with control groups, BCL-2 expression 
was remarkably reduced in response to miR-7 
transfection for 48 h (Figure 3C). Taken togeth-
er, these results suggested that miR-7 could 
decrease expression of BCL-2.

Knockdown of miR-7 induces apoptosis by up-
regulation of Bcl-2 in NSCLC cells

Since miR-7 could decrease expression of BCL-
2, we would like to further investigate the influ-
ence of such kind of alteration on A549 and 
H460 cells. MiR-7 inhibitor was used to knock 
down endogenous miR-7 (Figure 4A). Following 
transfection with the miR-7 or miR-7 inhibitor, 
A549 and H460 cells were treated with DTX at 

Figure 3. Overexpression of miR-7 in NSCLC cell lines. A. MiR-7 expression in A549 and H460 cells, following trans-
fection with miR-7 or miR-NC, was determined by quantitative polymerase chain reaction. B. A549 and H460 cells 
were transfected either with miR-7 or miR-NC for 24 hours. BCL-2 mRNA levels were measured by real time RT-PCR, 
normalized with endogenous GAPDH and expressed as fold change compared with control. C. BCL-2 protein levels 
were examined by Western blot using GAPDH as a loading control. Results are shown as mean ± SEM. Data are 
representative of three independent experiments (*P<0.05, ***P<0.01).
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Figure 4. Knockdown of endogenous miR-7 expression enhances the protein expression of Bcl-2 in A549 and H460 
cells treated with docetaxel. A. MiR-7 expression in A549 and H460 cells following transfection with the miR-7 or 
miR-7 inhibitor was detected by quantitative polymerase chain reaction. B. Cell viability of A549 and H460 cells 
was evaluated by Cell Counting kit-8 (CCK-8) assay following transfection with the miR-7 inhibitor and docetaxel 
combined treatment. C. Bcl-2 protein level was examined by Western blotting using GAPDH as a loading control. D. 
Apoptosis of A549 and H460 cells were determined by Annexin V/PI assays 48 h after transfection with the miR-7 
inhibitor and docetaxel combined treatment (*P<0.05, **P<0.01).
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various concentrations. As expected, the com-
bined treatment of A549 and H460 cells with a 
miR-7 inhibitor and DOCETAXEL partly restored 
the DOCETAXEL-mediated suppression of cell 
viability (Figure 4B). The inhibition of miR-7 was 
associated with an increased mRNA and pro-
tein expression of Bcl2 in A549 and H460 cells 
treated with docetaxel (Figure 4C). Meanwhile, 
the percentage of cells with apoptotic nuclei 
was also increased by Annexin-V FITC/PI double 
staining assay (Figure 4D). These data indicate 
that Bcl2 may mediate the molecular mecha-
nism of NSCLC sensitization to docetaxel by 
miR-7.

Discussion

In the present study, we found that docetaxel 
induced non-small cell lung cancer cell apopto-
sis and suppressed cell proliferation. We also 
found that miRNAs expression levels were dif-
ferent between A549 and H460 cells, among 
them miR-7 expression levels were increased 
by docetaxel in the two cell lines. Furthermore, 
we demonstrated that combined treatment 
with docetaxel and miR-7 mimics reduced Bcl2 
expression at the mRNA and protein levels. By 
contrast, the miR-7 inhibitor increased Bcl2 
expression in docetaxel-treated cells. These 
results indicated that the downregulation of 
BCL-2 by miR-7 may be involved in the pro-
apoptotic functionof miR-7. 

Docetaxel, a semisynthetic analog of paclitaxel, 
is one of the first-line chemotherapy regimens 
for advanced NSCLC, with genotoxic effects 
caused by microtubule stabilizing, apoptotic 
induction throughmicrotubule bundling, and 
Bcl-2 blocking [32]. In this study, we investigat-
ed the potential mechanisms of docetaxel that 
occurred after docetaxel treatment in NSCLC 
cells. Our results demonstrate that docetaxel 
showed a dose-dependent inhibitory effect on 
the NSCLC cell growth and induces apoptotic 
cell death. These results suggest that docetax-
el induced cell death is partly dueto induction 
of apoptosis in NSCLC cells.

Indeed, recent studies have demonstrated 
miRNAs as potential agents involved in thesen-
sitivity of lung cancer cells to cytotoxic therapy. 
Several groups reported that the correlation of 
high miR-21 level, intumors or sera, with poor 
survival of lung cancer patients [33]. Wang et 

al. found that ectopic expression of miR-451 
was able to induce an increase in apoptosis in 
a caspase-3 dependent manner [18]. MiR-7 is a 
putative tumor suppressor in a large range of 
solid tumors, and is often downregulated in 
NSCLC [34]. Ronghua et al. found the role of 
miR-7 in promoting chemosensitivity of cancer 
cells to PTX [35]. These findings imply that miR-
NAs are involved in NSCLC development and 
progression and could serve as potential diag-
nostic markers and therapeutic targets. In the 
present study, we found that the level of miR-7 
expression was significantly increased in A549 
and H460 with docetaxel.

Members of the evolutionarily conserved BCL-2 
family are thought to be the central regulators 
of apoptosis. The expression level of BCL-2 dif-
fers for different cell types, however, high levels 
and aberrant patterns of BCL-2 expression 
were reported in a wide variety of human can-
cers, including lung cancer [29]. Elevation of 
Bcl-2 protein expression contributes not only to 
the development of cancer but also to resistan-
ceagainst a wide variety of anticancer agents 
[36, 37]. In our study, combined treatment with 
docetaxel and miR-7 mimics led to a significant 
reduction in endogenous BCL-2 mRNA and  
protein levels. By contrast, the miR-7 inhibitor 
increased Bcl2 expression in docetaxel-treated 
cells. This result is consistent with the previ-
ously report [29]. These results indicated that 
the downregulation of BCL-2 by miR-7 may be 
involved in the pro-apoptotic function of miR-7. 

In summary, this study further extends the bio-
logical role of docetaxel in NSCLC A549 cells 
and H460 and identified BCL-2 as a novel tar-
get possibly involved in miR-7-mediated growth 
suppression and apoptosis induction of A549 
cells. The identification of miR-7 as a potential 
sensitizer in docetaxel therapy provides a fun-
damental basis for new approaches in the 
development of novel and docetaxel therapeu-
tic strategies.
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