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cancer through targeting BCL-2 expression
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Abstract
Lung cancer remains the leading cause of cancer-related
death worldwide. Paclitaxel, either as monotherapy or
combined with other agents, is the standard treatment
for advanced non-small cell lung cancer (NSCLC), the
most common type of lung cancer. However, both de
novo and acquired resistance against paclitaxel frequent-
ly occurs and represents a huge clinical problem. The
underlying mechanisms remain poorly characterized.
Here, by comparing microRNA (miRNA) expression
levels using miRNA arrays, we observed differential ex-
pression of miR-30a-5p in two independent lung cancer
cell pairs (paclitaxel-resistant vs paclitaxel-sensitive
A549 cell lines). Overexpression of miR-30a-5p sensi-
tizes NSCLC cells to paclitaxel both in vitro and
in vivo. In addition, miR-30a-5p increases paclitaxel sen-
sitivity by promoting chemotherapy-induced apoptosis

via downregulating BCL-2, a key apoptosis regulator.
High miR-30a-5p expression is positively correlated with
enhanced responsiveness to paclitaxel and predicts a
more favorable clinical outcome in NSCLC patients.
Moreover, miR-30a-5p expression is negatively correlat-
ed with BCL-2 expression in NSCLC tissues. These data
indicate that miR-30a-5p may be useful to treat
paclitaxel-resistant lung cancer and may also provide a
biomarker to predict paclitaxel responsiveness in lung
cancer.

Key messages
& BCL-2 is a novel direct target of miR-30a-5p.
& miR-30a-5p enhances NSCLC paclitaxel sensitivity

in vitro and in vivo.
& miR-30a-5p sensitizes NSCLC cells to paclitaxel by in-

ducing apoptosis through BCL-2 inhibition.
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& miR-30a-5p negatively correlates with BCL-2 and pre-
dicts a favorable clinical outcome in NSCLC patients.
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Introduction

Lung cancer is the leading cause of cancer-related deaths
worldwide. Approximately 70–80% of lung cancers are non-
small cell lung cancer (NSCLC), including squamous cell
carcinoma, adenocarcinoma, and large cell carcinoma [1, 2].
In NSCLC, the leading causes of death are chemotherapy
resistance and metastasis. Chemotherapy resistance frequently
drives tumor progression. Paclitaxel, either as monotherapy or
combined with other agents, is the standard treatment for
advanced NSCLC. However, both de novo and acquired
resistance to paclitaxel frequently occur and represent a huge
clinical problem, with response rates between 21 and 24% due
to chemoresistance [3, 4]. Resistance against paclitaxel result-
ed from multiple mechanisms, including P-glycoprotein
overexpression or other drug efflux pumps [5, 6], variations
in microtubules in drug-binding or aberrant expression of
tubulin isotypes and microtubule-associated proteins [7–9],
dysregulated cell cycle and cell survival pathways [10–12],
and the induction of treatment-related autophagy [13–15].
However, the molecular mechanisms of paclitaxel resistance
are still needed to be investigated.

MicroRNAs (miRNAs) are small non-coding RNA mole-
cules (about 22 nucleotides in length), which frequently
inhibits gene expression at the post-transcriptional level.
miRNAs play important roles in many biological processes,
such as cell proliferation, invasion, metastasis, and apoptosis
[16]. Aberrant expression of miRNAs has been shown to
associate with tumor chemotherapy resistance, including
resistance to paclitaxel [17]. However, how miRNAs regulate
paclitaxel resistance is poorly understood. Previous findings
indicate the suppressive role of miR-30a-5p in tumorigenesis
in multiple cancers [18–20]. However, whether miR-30a-5p
regulates paclitaxel sensitivity of NSCLC is unknown.

In our present work, we demonstrated that miR-30a-5p was
significantly decreased in paclitaxel-resistant NSCLC cells.
Overexpression of miR-30a-5p enhanced the NSCLC cell
sensitivity to paclitaxel both in vitro and in vivo by inducing
apoptosis via inhibition of the BCL-2 expression, a key
apoptosis regulator. miR-30a-5p abundance in NSCLC pa-
tients was positively correlated with a favorable response to
paclitaxel therapy and predicted good clinical prognosis.
Therefore, upregulation of miR-30a-5p may be a promising
way to treat paclitaxel-resistant NSCLC, andmiR-30a-5pmay
be a useful biomarker to predict the paclitaxel responsiveness
in NSCLC patients.

Materials and methods

Patients and tumor tissues

A total of 94 human NSCLC samples were obtained from the
Chinese PLA General Hospital with the informed consent of
patients and approval of the appropriate ethics committee
from the Chinese PLA General Hospital. Diagnoses were
based on pathological evidence. Patients had not undergone
immunotherapy, chemotherapy, or radiotherapy before speci-
men collection. Tissue samples were snap-frozen in liquid
nitrogen and stored at −80 °C until RNA extraction. Among
the 94 patients, 63 patients underwent intravenous paclitaxel
chemotherapy (paclitaxel 200 mg/m2 at 3-week intervals)
after surgery, while the rest 31 patients did not receive pacli-
taxel treatment. The effect of chemotherapy was evaluated by
response rate (RR) and disease-free survival (DFS) according
to the Response Evaluation Criteria in Solid Tumors.

Cell culture and transfection

Human lung cancer cell lines, A549 (human lung adeno-
carcinoma epithelial cell line) and H460 (human large cell
lung cancer), were obtained from the American Type
Culture Collection (Manassas, VA, USA) and tested for
mycoplasma contamination. Paclitaxel-resistant A549/PR
cells and H460/PR cells were developed by treatment with
gradually increasing concentrations of paclitaxel in cell cul-
ture medium. Briefly, cells were seeded in six-well plates and
reached about 80% confluency in fresh medium before
treating with paclitaxel. The doses of paclitaxel ranged from
0.1 to 20 nM with a dose gradient of 25–50% of the previous
dose. The next dose was given until the cells were stable in
proliferation without significant death.

Stable cell lines overexpressing miR-30a were established
by lentiviral transduction using a pCDH plasmid (System
Biosciences, Mountain View, CA, USA) carrying miR-30a.
Lentiviruses were produced by transfection of the 293T
producer cell line with the lentiviral vector and packing vector
mix (System Biosciences). Lentiviruses were collected 48 h
later and then infected, indicating lung cancer cells. Stable cell
lines expressing miR-30a were selected with 1 μg/mL
puromycin 48 h after infection. Pooled clones (more than 40
individual clones) or individual clones (15 clones) were
screened by testing the level of miR-30a using qPCR. Out of
the 15 individual clones, three clones expressing different
levels of miR-30a were tested for its target gene expression
as well as cell proliferation. Similar results were obtained with
individual clones or pooled clones. All cells were cultured at
37 °C in a humidified atmosphere with 5% CO2 in DMEM or
RPMI-1640 medium (Life Technologies, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum (Atlanta
Biologicals, Lawrenceville, GA, USA) and 1% penicillin/
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streptomycin (Life Technologies). For transfection [21], cells
were seeded in 24-well or six-well plates and then transfected
with the indicated plasmids using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s protocol.

Plasmid construction and reagents

Wild-type and mutated BCL-2 3′-UTRs were cloned into a
dual-luciferase reporter vector (Promega, Madison, WI,
USA) as described previously [22]. Briefly, about 541 bp of
the 3′UTR of human BCL-2 gene was obtained by genomic
PCR using the following primers: 5′-CGGAATTCATCCAG
ATGGCAAATGACCA-3 ′ (forward) and 5 ′-CCGC
TCGAGTTAGCCCCCGTGACCTCTT-3′ (reverse). To in-
troduce mutations into the seed sequences of the predicted
miR-30a-5p target sites within the BCL-2 3′UTR, recombi-
nant PCR was performed using the above-mentioned primers
and the following primers: 5 ′-TTATTTTATGAAAG
TGGGCACTTGTCAAAGTGATG-3′ (forward) and 5′-
CATCACTTTGACAAGTGCCCACTTTCATAAAATAA-3′
(reverse). The miRNA-30a-5p mimics or antisense of miR-
30a-5p (anti-miR-30a-5p) and their corresponding miRNA
controls were synthesized from Gene Pharma (Shanghai,
China). The negative controls are scrambled and non-
targeted irrelevant RNA sequences.

Anti-BCL2 (sc-492) and anti-GAPDH (sc-25778) anti-
bodies were purchased from Santa Cruz Biotechnology
(Dallas, TX, USA). Paclitaxel was obtained from Sigma-
Aldrich (St. Louis, MO, USA).

Luciferase reporter assay

Cells were seeded in 24-well plates at a density of 1 × 105 cells
per well. The cells were co-transfected with luciferase reporters,
either wild-type or mutant BCL-2 3′-UTR, in combination with
anti-miR-30a-5p or a scramble using Lipofectamine 2000.
Forty-eight hours later, cells were harvested and analyzed for
luciferase activity using a luciferase assay kit (Promega,
Madison, WI, USA) according to the manufacturer’s protocol.

miRNA microarray analysis

Total RNAwas extracted from A549 cells and their paclitaxel
resistant counterparts using a Qiagen miRNeasy mini kit ac-
cording to the manufacturer’s protocol. Total RNAwas sent to
CapitalBio Corporation (Beijing, China) for miRNA labeling,
quality control, chip hybridization, and microarray analysis.
Briefly, total RNAwas labeled with Cy3 and Cy5 fluorescent
dyes. Pairs of labeled samples were hybridized to miRCURY
LNA™ microRNA array slides with 2549 human miRNAs.
Normalization was performed using a LOWESS filter
(Locally Weighted Regression) method to remove system-

related variations. An analysis of variance was first applied
to produce a miRNA expression profile overview across all
samples, and then t tests were performed to identify signifi-
cantly differentiated miRNA expression among all interested
combinations of paired groups.

miRNA extraction and quantitative RT-PCR

Total RNA, including miRNA, was extracted from cultured
cells or tissues samples with a miRNeasy Mini kit (Qiagen).
Target miRNA was reverse transcribed to cDNA using a
specific miRNA primer and miScript Reverse Transcription
Kit (Qiagen). miRNA expression was measured with a
miScript SYBR Green PCR Kit (Qiagen). Primers for
miRNAs and the endogenous control, U6 gene, were
displayed in Supplementary Table 1. The relative fold expres-
sion of the target was calculated by the comparativeCtmethod
and was normalized to control.

Cell viability assay

Cell viability was measured using a CCK-8 Kit (Dojindo,
Kumamoto, Japan) according to the manufacturer’s proto-
col. To analyze the effects of miR-30a-5p on paclitaxel
sensitivity, cells transfected with either miR-30a-5p or
anti-miR-30a-5p were treated at concentrations of 0, 2.5,
5, 10, 20, 40, and 80 nM paclitaxel for 24 h. The IC50

value was calculated as the concentration of paclitaxel
that reduced cell viability by 50%.

Apoptosis and flow cytometry analysis

miR-30a-5p-overexpressing and miR-30a-5p plus BCL-2-
overexpressing or control cells (1 × 106 cells) were cultured
in 60-mm dishes and treated with paclitaxel (20 nM) for 24 h
before harvesting. The cells were labeled with propidium
iodide and annexin Vaccording to the manufacturer’s instruc-
tions (BD Biosciences, San Jose, CA, USA). A minimum of
10, 000 events for each sample were collected and analyzed
using a FACScalibur Flow Cytometer (Becton Dickinson, BD
Biosciences).

In vivo lung tumor xenograft model

All animal experimentation conforms to protocols approved
by the animal care committee of Beijing Institute of
Biotechnology, Beijing. Six-week-old BALB/c nu/nu male
mice were purchased from Vital River Inc. (Beijing, China).
For the tumor growth model, A549 cells (1 × 107 cells) stably
infected with the pCDH control vector or pCDH-miR-30a
were injected subcutaneously into the backs of BALB/c nu/
nu mice, which were divided into 4 groups (n = 7 based on
minimal 30% decrease from 1 g tumors with 250 μg standard
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deviation, α error of 0.05, and β error of 0.8) using random
number method. After 3 weeks, all the seven animals in each
group had tumors greater than 5 mm in diameter, and either
paclitaxel (15 mg/kg−1) or saline was injected intraperitoneal-
ly once a week for 6 weeks with no blinding. Tumor sizes
were measured at the indicated times using calipers. Tumor
volumes were estimated according to the following formula:
volume = (longest diameter × shortest diameter2)/2.

Statistical analysis

All in vitro experiments were performed in triplicate and re-
peated three times. Differences between variables were
assessed by two-tailed Student’s t test, when sample size is
small, with overall standard deviation unknown and data nor-
mal distributed. The survival rates in relation to miR-30a-5p
expression were estimated using the Kaplan-Meier method,
and the difference in survival curves was analyzed with a
log-rank test. The relationship between miR-30a-5p and the
IC50 of paclitaxel was examined using the Spearman’s rank
correlation. The SPSS 17.0 statistical software package was
used to perform all statistical analyses. Data are presented as

the means ± standard deviation (SD). P < 0.05 was considered
statistically significant.

Results

miRNA profiles in paclitaxel-sensitive
and paclitaxel-resistant lung cancer cells

To investigate critical miRNAs that are potentially asso-
ciated with paclitaxel resistance in NSCLC, we performed
miRNA microarray analysis of the NSCLC cell line A549
and its pacli taxel-resistant counterpart A549/PR
(Supplementary Fig. 1a) The total number of miRNAs
detected was 2549, of which 208 miRNAs were differen-
tially expressed between A549 and A549/PR cells (109
miRNAs upregulated and 99 miRNAs downregulated)
(Fig. 1a and Supplementary Table 2). Quantitative RT-
PCR confirmed the paclitaxel-mediated expression of 20
miRNAs, with about 90% consistency with the miRNA
microarray results, including previously reported miRNAs
(e.g., miR-125a and miR-375) [27, 28] (Fig. 1b). Among
them, miR-30a-5p was the most differentially expressed

Fig. 1 Differential expression of miRNAs in paclitaxel-sensitive and
paclitaxel-resistant lung cancer cells. a A heat map showing the
miRNA expression profiles and supervised hierarchical clustering
analysis for paclitaxel-sensitive (A549) and paclitaxel-resistant
(A549/PR) lung cancer cell lines. Significantly, differentially expressed
miRNAs matching the threshold (difference ≥twofold and chip signal
value >500) and statistical analysis standard (P < 0.05) were selected.
Each column represents a cell line, and each row shows the relative

expression level for individual miRNAs. The yellow and blue colors
indicate high or low expression, respectively. b Twenty miRNAs
differentially expressed in the lung cancer cell lines from a was
validated by RT-qPCR. U6 small nuclear RNA was used as an internal
control. All values are the mean ± SD of triplicate measurements, and the
experiments were repeated three times. The P values were generated
using two-tailed Student’s t test. *P < 0.05, **P < 0.01 versus matched
lung cancer cells
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miRNA detected, with more than fivefold lower expres-
sion in A549/PR cells when compared with A549 cells.
Therefore, we hypothesized that miR-30a-5p may play a
role in regulating paclitaxel resistance of NSCLC
patients.

miR-30a-5p enhances NSCLC paclitaxel sensitivity
in vitro

To investigate the biological function of miR-30a-5p in pacli-
taxel sensitivity of NSCLC cells, we studied the relationship
between miR-30a-5p and the IC50 of paclitaxel. As expected,
miR-30a-5p expression was negatively correlated with the
IC50 values of paclitaxel in two NSCLC cell lines
(P = 0.0482, r = −0.876; Supplementary Fig. 1b). To further
verify the association between miR-30a-5p expression and pac-
litaxel resistance, A549 and H460 lung cancer cells was
transfected with miR-30a-5p and then treated with increasing
doses of paclitaxel. Viability assay demonstrated that overex-
pression of miR-30a-5p increased the sensitivity of A549 and
H460 cells to paclitaxel (Fig. 2a, b), whereas inhibition of miR-

30a-5p with specific anti-miR-30a-5p in A549 cells and H460
cells reduced paclitaxel sensitivity (Fig. 2c, d). Taken together,
these results collectively indicate that miR-30a-5p expression
levels are positively correlated with the NSCLC cell sensitivity
to paclitaxel.

miR-30a-5p represses BCL-2 expression by targeting
its 3′-UTR

To explore the mechanisms responsible for the functions of
miR-30a-5p in NSCLC, we searched for the potential target
genes of miR-30a-5p using publicly available databases
(TargetScan and miRanda). Multiple genes were predicted as
the potential targets of miR-30a, from which we picked out
those reported to play a role in NSCLC (Supplementary
Fig. 2a). Next, we carried out the Western blot analysis to
confirm the potential targets in 293T cells. As previously re-
ported, miR-30a-5p inhibited the EYA2 oncogene expression
(Supplementary Fig. 2b). The house-keeping gene GAPDH
was not regulated in response to miR-30a-5p expression.
Importantly, miR-30a-5p repressed the expression of BCL-2,

Fig. 2 miR-30a-5p modulates sensitivity to paclitaxel in vitro. a and b
miR-30a-5p-overexpressing A549 (a) or H460 (b) lung cancer cells were
treated with increasing concentrations of paclitaxel as indicated. After
72 h, cell viability assays were performed using CCK-8 kit. The group
not treated with paclitaxel was presented as 100% viable cells and was
used as an internal control for comparison. Histograms on the right show
the level of miR-30a-5p overexpression. Scramble, negative control for

miRNAs. c and d Cell viability assay of A549 (c) or H460 (d) cells
transfected with anti-miR30a-5p and treated and analyzed as in a.
Scramble, negative control for miRNA inhibitors. All values shown are
the mean ± SD of triplicate samples. Experiments were repeated three
times. The P values were generated using two-tailed Student’s t test.
**P < 0.01 versus NC or scramble
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a key negative regulator of apoptosis. Thus, we chose BCL-2
as the target gene and GAPDH as the internal control for
further study (Supplementary Fig. 2b).

Consistent with the results in 293T cells, miR-30a-5p
suppressed BCL-2 expression in A549 and H460 cells
(Fig. 3a). In contrast, anti-miR-30a-5p increased BCL-2
expression in the above-mentioned cell lines (Fig. 3b).
To investigate whether BCL-2 is a direct and specific
target of miR-30a-5p, we predicted the free energy of
the binding between the miR-30a-5p and the target 3′
UTR (−6.03 kcal/mol) using the software at http://RNA.
tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAcofold.cgi and
then performed luciferase reporter assays with wild-type
(WT) or mutated BCL-2 3′-UTR. miR-30a-5p reduced
the WT BCL-2 3′-UTR reporter activity in A549 and
H460 cells (Fig. 3c). However, miR-30a-5p did not
affect the luciferase activity of the mutant reporter in
which the binding sites for miR-30a-5p were mutated.
These results indicate that miR-30a-5p inhibits BCL-2
expression by directly binding to its 3′-UTR in NSCLC
cells.

miR-30a-5p enhances sensitivity of NSCLC cells
to paclitaxel by promoting apoptosis
through downregulating BCL-2

BCL-2 has been shown to inhibit apoptosis, which con-
tributes to paclitaxel resistance [23–25]. Thus, we ana-
lyzed the expression of the apoptosis inhibitor BCL-2
and the apoptosis inducer BAX using Western blot assays
in paclitaxel-sensitive and paclitaxel-resistant NSCLC cell
lines. The results indicated that the expression of BCL-2
was increased and the expression of BAX was decreased
in paclitaxel-resistant cells (A549/PR and H460/PR) com-
pared with paclitaxel-sensitive cells (A549 and H460)
(Supplementary Fig. 3).

Since miR-30a-5p directly targets BCL-2 and enhances
paclitaxel sensitivity, we further investigated if miR-30a-5p
increases paclitaxel sensitivity in NSCLC via inducing apo-
ptosis through downregulating BCL-2 expression. To verify
the hypothesis, we examined the effects of miR-30a-5p on the
apoptosis of A549 cells by flow cytometry. The result showed
that overexpression of miR-30a-5p alone or paclitaxel

Fig. 3 miR-30a suppresses BCL-
2 expression by directly targeting
its 3′-UTR. a and b Immunoblot
analysis of human lung cancer
cells transfected with miR-30a-5p
mimics (a) or anti-miR-30a-5p
(b) as well as their corresponding
negative controls. The histograms
under the immunoblot graphs
demonstrate corresponding
miRNA expression levels
determined by RT-qPCR. c
miRNA luciferase reporter assays
of A549 and H460 cells
transfected with wild-type or
mutated BCL-2 reporters plus
miR-30a-5p. A schematic
diagram of the BCL-2 3′-UTR
luciferase reporter constructs is
shown. Italicized fonts indicate
the putative miR-30a-5p-binding
site in the human BCL-2 3′-UTR.
Underline indicates mutations
introduced into the BCL-2 3′-
UTR. All values shown are the
mean ± SD of triplicate samples.
Experiments were repeated three
times. The P values were
generated using two-tailed
Student’s t test. *P < 0.05,
**P < 0.01 versus corresponding
control
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treatment increased the proportion of apoptotic A549 cells to
4.97 and 8.93%, respectively, compared with that of the con-
trol cells (1.76%) (Fig. 4a). Importantly, A549 cells
transfected with miR-30a-5p and treated with paclitaxel had
a significantly higher proportion of apoptotic cells (61.51%)
than those transfected with miR-30a-5p alone (4.97%) or
treated with paclitaxel alone (8.93%), suggesting that miR-
30a-5p and paclitaxel synergistically induce apoptosis.
Treatment with paclitaxel or miR-30a-5p overexpression sup-
pressed the expression of BCL-2 and increased the expression
of BAX. Paclitaxel combined with miR-30a-5p overexpres-
sion caused the greatest inhibition of BCL-2 and upregulation
of BAX and cleaved PARP, a marker for apoptosis (Fig. 4b).
Re-expression of BCL-2 in A549 cells transfected with miR-
30a-5p abolished the synergistic effects of miR-30a-5p and
paclitaxel (Fig. 4a, b). Similar results were observed in
H460 cells (Supplementary Fig. 4). These data indicates that

miR-30a-5p promotes NSCLC cell paclitaxel sensitivity by
activating apoptotic pathway via downregulation of BCL-2.

miR-30a modulates NSCLC paclitaxel resistance in vivo

Based on the fact that miR-30a-5p mediates paclitaxel sensi-
tivity in NSCLC cells in vitro, we investigated the phenotype
of cells with miR-30a overexpression in vivo. To this end, we
established A549 cells stably expressing miR-30a. We first
tested pooled clones (more than 40 individual clones) and
three individual clones expressing different levels of miR-
30a for its target gene expression as well as cell viability.
The trends among the pooled clones and the three individual
clones were similar (Supplementary Fig. 5). Thus, we chose
pooled clones for animal study. miR-30a-overexpressing
A549 cells or control A549 cells were subcutaneously injected
into the backs of BALB/c nude mice. Once the mice

Fig. 4 miR-30a-5p enhances
paclitaxel sensitivity by
downregulating BCL-2. a
Representative flow cytometry
analysis of Annexin V (1:1000)
and propidium iodide (1:1000)
staining in A549 cells transfected
with miR-30a-5p mimics or miR-
30a-5p mimics plus Myc-tagged
BCL-2 without its 3′-UTR and
treated with or without paclitaxel
(20 nM) for 24 h. The proportion
of apoptotic cells is shown as the
mean ± SD from three
independent experiments. The P
values were generated using two-
tailed Student’s t test (*P < 0.05,
**P < 0.01). Histograms show the
miR-30a expression levels. b
Representative Western blots
using the indicated antibodies in
A549 cells transfected and treated
as in a
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developed palpable tumors (greater than 5 mm in diameter
within 3 weeks), they were randomly assigned into pacli-
taxel or saline treatment groups. There was no significant
difference in initial tumor volumes between the four
groups (Fig. 5a). Paclitaxel (15 mg/kg−1) or the same vol-
umes of saline were intraperitoneally injected once a week
for 6 weeks. Like paclitaxel, miR-30a overexpression in
A549 cells induced an inhibition of tumor growth
(Fig. 5a). The combination of miR-30a overexpression
and paclitaxel treatment induced a significantly synergis-
tic reduction of tumor growth, accompanied by increased
expression of miR-30a-5p, BAX, and cleaved PARP and
decreased BCL-2 (Fig. 5b, c). These findings suggest that
miR-30a-5p upregulation enhances paclitaxel sensitivity
of NSCLC cells in vivo.

miR-30a-5p expression positively correlates with DFS
and RR in lung cancer patients who received
paclitaxel-based chemotherapy

To study the relationship between miR-30a-5p and paclitaxel
sensitivity in NSCLC, we first selected 63 patients who had
received paclitaxel chemotherapy. We stratified patients into
high miR-30a-5p expression and low miR-30a-5p expression
according to miR-30a-5p expression levels of NSCLC cells.
The effect of paclitaxel chemotherapy on the patient’s disease-
free survival (DFS) was evaluated according to the Response
Evaluation Criteria in Solid Tumors. The patients with low
miR-30a-5p expression had poorer DFS (P = 3.12 × 10−5)
than those with high miR-30a-5p expression (Fig. 6a). It

should be noted that the other 31 patients, who were not treat-
ed with paclitaxel, had no significant differences in their DFS
regardless of the miR-30a amounts in the tumors (P = 0.303)
(Fig. 6b). Consistent with the results of the DFS, for the pa-
tients treated with paclitaxel, the patients who had no response
rate (RR) expressed lower levels of miR-30a-5p than those
who had RR (P = 0.003) (Fig. 6c). These data suggest the
important role for miR-30a-5p in regulation of NSCLC pacli-
taxel sensitivity.

miR-30a-5p expression negatively correlates
with expression of BCL-2 in lung cancer patients

To understand the correlation of miR-30a-5p expression with
BCL2, we divided NSCLC samples into three groups on the
basis of BCL2 amounts defined by their expression scores and
examined the differences in miR-30a-5p expression
among the three groups. The expression levels of miR-
30a-5p in tumors with high BCL-2 expression were lower
than those in tumors with low BCL-2 expression (Fig. 6d),
indicating that miR-30a-5p expression negatively correlates
with BCL-2 expression in NSCLC.

Discussion

Tumor chemoresistance is the major cause of treatment failure
in clinic [26]. Although recent data indicate that aberrant
miRNA expression is closely linked to chemoresistance by
targeting genes related to chemosensitivity [27] or

Fig. 5 miR-30a-5p mediates
paclitaxel sensitivity in vivo. a
A549 cells overexpressing miR-
30a or control cells were injected
into nude mice respectively. After
3 weeks, paclitaxel (15 mg/kg−1)
or saline was intraperitoneally
injected once a week for 6 weeks.
At the indicated times, tumors
were measured with Vernier
Calipers (mean ± SD; n = 7).
Arrow represents the beginning
treatment with paclitaxel or
saline. b RT-qPCR analysis of
miR-30a-5p expression of
representative excised tumors
from a. c Immunoblot analysis of
representative excised tumors
from a. The P values were
generated using two-tailed
Student’s t test (*P < 0.05,
**P < 0.01 versus corresponding
control)
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chemoresistance [28, 29], the specific chemoresistance-
related miRNAs are largely unknown. More research is need-
ed to identify miRNAs associated with chemoresistance and
the mechanisms of how they cause chemoresistance. In our
present work, we utilized miRNAmicroarray assay to analyze
the miRNA expression in paclitaxel-resistant and paclitaxel-
sensitive NSCLC cells. In total, 208 miRNAs had altered
expression between the cell lines; several of which (e.g.,
miR-125a and miR-375) have been reported to associate
with paclitaxel resistance in various cancers [27, 28].
Importantly, we showed that miR-30a-5p was the most
significantly downregulated miRNA in the resistant cells.
To the best of our knowledge, miR-30a-5p is firstly re-
ported to associate with paclitaxel resistance in NSCLC.

In solid tumors, miR-30a-5p has been identified as a tumor
suppressor that inhibits tumorigenesis and cancer progression.
In lung cancer, miR-30a-5p has been demonstrated to be
downregulated in tumor tissues and downregulation of miR-
30a-5p is associated with poor prognosis. miR-30a-5p inhibits
lung cancer cell growth and migration by suppressing EYA2
[30]. miR-30a-5p suppresses NSCLC progression through

AKT signaling pathway by targeting IGF1R [31]. The anti-
tumor functions were also confirmed in other types of tumors,
such as breast cancer [18], pancreatic cancer [19], and liver
cancer [32]. In addition, miR-30a-5p has been associated with
many diseases, including osteoarthritis [33], neuron-related
disorders [34], mycobacteria tuberculosis [35], pulmonary
vascular hyperpermeability [36], and autoimmune dis-
eases [37]. Recent data indicate that miR-30a-5p upregu-
lation sensitizes cisplatin sensitivity in cultured gastric
cancer cells, although its clinical significance remains
unknown [38]. We demonstrated that miR-30a-5p overex-
pression increases the sensitivity of NSCLC cells to pac-
litaxel and knockdown of miR-30a-5p in NSCLC cells
results in resistance to paclitaxel. Moreover, we showed
that high miR-30a-5p predicts good paclitaxel response in
NSCLC patients. It should also be noted that tumor samples
were collected before treatment with paclitaxel started. Patient
chemotherapy strictly followed the NCCN (National
Comprehensive Cancer Network®) Guideline. Briefly,
among the NSCLC patients, those intolerant with cisplatin
therapy were selected to undergo paclitaxel treatment. The

Fig. 6 Expression of miR-30a-5p correlates with DFS and RR in
paclitaxel-treated lung cancer patients. a Lung cancer patients who
received paclitaxel-based chemotherapy were divided into two groups
based on low or high miR-30a-5p expression levels. Kaplan-Meier
survival curves and log-rank tests were used to compare the DFS
between the two groups. b Patients who did not receive paclitaxel-
based chemotherapy were analyzed as in a. c Expression of miR-30a-
5p in patients responding to paclitaxel (n = 27) and non-responding

(n = 36) to paclitaxel was compared using the two-tailed Student’s t
test. U6 small nuclear RNA was used as an internal control. d
Correlation between miR-30a-5p and BCL-2 expression in NSCLC.
The patients were divided into three groups based on BCL-2 expression
scores in the tumors, representing low (scores 0–3), medium (scores 4–8),
and high (scores 9–12) expression of BCL-2. Data were analyzed by one-
way analysis of variance (ANOVA) test with Games-Howell’s correction
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paclitaxel therapy continued 4–6 periods. Therefore, the
analysis of the patient’s data might have some limitations
since the way of patient selection might be a possible con-
founding factor.

BCL-2, the founding member of the Bcl-2 family that reg-
ulates cell death by inhibiting apoptosis, has been demonstrat-
ed to contribute to tumorigenesis and chemoresistance [39]. In
this study, we show for the first time that miR-30a-5p can
directly bind to the BCL-2 3′-UTR and suppress its
expression. Overexpression of miR-30a-5p enhances
apoptosis through regulation of apoptosis-related proteins
such as BCL-2. Furthermore, re-expression of BCL-2
reverses the function of miR-30a-5p. Overexpression of
miR-30a-5p and treatment with paclitaxel in NSCLC cells
synergistically induce apoptosis. These data suggest that
miR-30a-5p contributes to chemosensitivity by inhibiting
BCL-2 expression in NSCLC. Therefore, re-expression of
miR-30a-5p or BCL-2 inhibition may be beneficial for the
treatment of paclitaxel-resistant NSCLC.

In conclusion, paclitaxel-resistant NSCLC cells have
reduced miR-30a-5p expression. miR-30a-5p negatively
regulates paclitaxel resistance in NSCLC by reducing
BCL-2 expression, thus promoting apoptosis. miR-30a-
5p upregulation or BCL-2 inhibition in combination
with paclitaxel may be useful for treating chemoresistant
NSCLC.
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