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Abstract. Overexpression of Cyclin D1 and Bcl-xL proteins 
has often been found in non-small-cell lung cancer (NSCLC). 
These two genes may play a significant role in tumorigenesis. 
However, the combined inhibition of the two genes in vitro 
is unclear in NSCLC. In this study, the effect of a combined 
intervention on Cyclin D1 and Bcl-xL in NSCLC is assessed 
and discussed. Three recombinant plasmids that expressed 
a cytomegalovirus (CMV) promoter-driven micro30 short 
hairpin RNA (shRNA) targeting the Cyclin D1 gene (Cyclin D1 
shRNA), the Bcl-xL gene (Bcl-xL shRNA) and a combination 
of the two genes (Cyclin D1-Bcl-xL shRNA), based on the 
plasmid pcDNA6.2‑GW/EmGFP-miR, were constructed. The 
cell lines A549 and NCI-H441 were divided into four groups; 
blank control (untreated cells), Cyclin D1 shRNA, Bcl-xL 
shRNA and Cyclin D1-Bcl-xL shRNA (transfected cells), 
respectively. The expression of mRNA and protein of Cyclin D1 
or Bcl-xL was detected by reverse transcription-polymerase 
chain reaction (RT-PCR) and Western blotting, respectively. 
The apoptosis and proliferation of the two cell lines were evalu-
ated by dimethylthiazol-diphenyltetrazolium bromide (MTT), 
cell count and flow cytometry. The recombinant plasmid 
sufficiently mediated the RNA interference (RNAi) effects in 
A549 and NCI-H441 cells. The expression levels of mRNA 
and protein of Cyclin D1 or Bcl-xL in the three intervention 
groups were significantly reduced compared to the untreated 
cells (P<0.05). No statistical differences were found among the 
combined shRNAs and single shRNA regarding Cyclin D1 or 

Bcl-xL, respectively (P>0.05). In the assessment of prolifera-
tion and apoptosis, it was found that in all three intervention 
groups there was significant inhibition of cell proliferation 
and promotion of cell apoptosis compared with the untreated 
cells (P<0.05). Furthermore, the combined interference of the 
two genes was more effective than either single interference 
(P<0.05). Our results suggested that the combined targeting of 
Cyclin D1 and Bcl-xL genes has potential for NSCLC investi-
gation, providing increased efficacy over Cyclin D1 or Bcl-xL 
inhibition alone.

Introduction

Lung cancer is the most common cause of cancer-related 
mortality worldwide. The two major subtypes are small‑cell 
lung cancer (SCLC) and non-small‑cell lung cancer 
(NSCLC) (1,2). Early stages of NSCLC are treated with cura-
tive surgical resection. However, over 60% of all NSCLC 
patients already have advanced or metastatic tumors at the 
time of diagnosis and are not suitable for surgery. The overall 
5-year survival rate of patients with NSCLC remains extremely 
poor (3-5). Therefore, it is crucial to employ new therapeutic 
strategies in the treatment of NSCLC. With the constantly 
evolving knowledge of the molecular pathogenesis of lung 
cancer, targeted therapies have recently been introduced (6). 
Moreover, antisense gene therapies, such as small RNA inter-
ference (RNAi), have been evaluated in recent years (7-10).

Cyclin D1 is a pivotal cell cycle-regulatory protein that 
controls the cell cycle transition from G1 to S phase. It is also 
intricately involved in the regulation of apoptosis depending 
on the proliferative and differentiated state of the cell (11-14).  
Overexpression of the Cyclin  D1 protein was reported in 
various types of cancer, such as breast, esophageal and lung 
cancer (15-17). Betticher et al reported that Cyclin D1 was 
associated with poor tumor differentiation and was known to 
be a negative indicator in NSCLC (17). When Cyclin D1 is 
overexpressed, it may increase the risk of tumor progression 
and early onset of cancer (19-22). Cyclin D1 overexpression 
enhances cell proliferation and cell cycle progression (19-22). 
Certain studies have reported targeted therapy aimed at 
Cyclin D1 by small RNAi (18). Down-regulation of the expres-
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sion of Cyclin D1 inhibits tumor growth (18). In this regard,  
we hypothesized that the dysregulation of Cyclin D1 occurs 
relatively early in the process of tumorigenesis and may be 
promising for cancer therapy.

Bcl-xL is a critical member of the Bcl-2 family and is corre-
lated to several malignancies, including NSCLC (23-26). As an 
anti‑apoptotic protein, the overexpression of Bcl-xL may inhibit 
the mitochondrial cytochrome release, which is a mechanism 
by which cancer cells escape apoptosis and regulate the apop-
tosis of two signaling pathways, the extrinsic or death receptor 
pathway and the intrinsic or mitochondrial pathway  (23). 
Previous studies have also reported targeted therapy aimed at 
Bcl-xL by small RNAi (25,26). Substantial research has shown 
that the down‑regulation of anti-apoptotic gene expression 
is capable of sensitizing cancer cells to anticancer drugs and 
promoting cell apoptosis (25,26). Thus, Bcl-xL is a potential 
new therapeutic target in NSCLC.

As noted, a number of studies have reported RNAi aimed 
at Cyclin D1 or Bcl-xL. However, the effect of combining 
the two genes in vitro for an intervention study is unclear in 
NSCLC. Biliran et al have reported that the expression of 
Bcl-xL remained relatively high in the cells with overexpressed 
Cyclin D1  (27). Huang et  al have reported that combined 
therapy with the two genes prolonged survival in mice with 
ovarian cancer (28). Thus, we formulated a hypothesis that 
combined interference of the two genes is a promising new 
strategy for improving lung cancer outcomes.

In the present study, we aimed to determine whether 
combined interference was superior to single interference. 

Materials and methods

Construction of shRNA vectors. The pcDNA6.2-GW/
EmGFP-miR vector was purchased from Invitrogen (Carlsbad, 
CA, USA) with a genetically engineered improved murine 
miR-155 skeleton structure containing a terminal loop and 
an internal loop. The recombinant plasmid pcDNA6.2-GW/
EmGFP-miR that expressed a cytomegalovirus (CMV) 
promoter-driven micro30 short hairpin RNA (shRNA) targeting 
Cyclin D1 (Cyclin D1 shRNA), Bcl-xL (Bcl-xL shRNA) and 
a combination of the two genes (Cyclin D1-Bcl-xL shRNA) 
were constructed, respectively. The micro30 shRNA reverse 
sequencing primer site (C) occurred at bases 1607-1626. 
Green fluorescent protein (GFP) assays were implemented by 
co-transfection of cancer cells with plasmids encoding GFP 
and corresponding shRNA in order to observe the efficacy 
of transfection. The shRNAs were designed to target human 

Bcl-xL (accession no. NM_138578.1) and Cyclin D1 (acces-
sion no. NM_053056.2) mRNA. The sequences are shown in 
Table I. The micro30 shRNAs were synthesized by Invitrogen.

Cell culture. The human lung adenocarcinoma cell lines A549 
and NCI-H441 were cultured in RPMI-1640 (Invitrogen) 
containing 10% fetal bovine serum (Invitrogen). The stock 
was maintained in a 5% CO2 incubator at 37˚C in a humidified 
atmosphere. The cancer cells were divided into four groups, 
i.e., blank control (untreated cells), Cyclin D1 shRNA, Bcl-xL 
shRNA and Cyclin D1-Bcl-xL shRNA (transfected cells).

Plasmid transfection. The plasmids were transfected into A549 
and NCI‑H441 cells according to the manufacturer's instruc-
tions for Lipofectamine™2000 (Invitrogen). Briefly, prior to 
transfection, 2-3x105 cells in 2 ml of growth medium without 
antibiotics were placed in 6-well plates. The 6-well plates were 
washed with 2 ml OptiMEM (Gibco, Invitrogen, USA) twice, 
and another 2 ml OptiMEM containing 4 µg pcDNA6.2‑GW/
EmGFP-miR mixed with 10 µl of lipofectamine was added to 
form liposomes. Following incubation at 37˚C for 4-6 h, the 
6-well plates were placed in 2 ml medium containing 10% FBS 
in a 5% CO2 incubator at 37˚C in a humidified atmosphere 
overnight.

Real-time reverse transcription-polymerase chain reaction 
(RT-PCR). The transfected cells were collected for real-time 
RT-PCR. Transfected and untreated cells were collected and  
washed with phosphate-buffered saline (PBS). Total RNA was 
extracted from the cells of the four groups using TRIzol reagent 
(Invitrogen) in a single-step method and cDNA was generated 
with a PrimeScript® RT reagent kit (Takara, Shiga, Japan) at a 
total volume of 20 µl according to the manufacturer's instruc-
tions. Expression levels of target gene were normalized to the 
housekeeping gene β-actin (ΔCt). Gene expression values were 
then calculated based on the ΔΔCt method using the equation: 
RQ=2-ΔΔCt. PCR amplification was performed with SYBR® 
Premix Ex Taq™ (Takara), under the following PCR conditions: 
95˚C for 30 sec, followed by 40 cycles of 95˚C for 5 sec, 60˚C 
for 30 sec, and a dissociation stage of 95˚C for 15 sec, 60˚C for 
1 min, and 95˚C for 15 sec. The real-time primer sequences were 
designed and synthesized by Takara Customer Services (Dalian, 
China). The primer sequences used were: human β-actin, 
sense: 5'-GCAAGCAGGAGTATGACGAG-3' and antisense:  
5'-CAAATAAAGCCATGCCAATC-3' (144 bp); Cyclin D1, 
sense: 5'-ATGTTCGTGGCCTCTAAGATGA-3' and antisense: 
5'-CAGGTTCCACTTGAGCTTGTTC-3' (138 bp); Bcl-xL, 

Table I. The sequences of micro30 shRNA sense strands.

Gene	 Sequence

MR075-3-F	 TGCTGTGTAGATGCACAGCTTCTCGGGTTTTGGCCACTGACTGACCCGAGAAGGTGCATCTACA
MR075-3-R	 CCTGTGTAGATGCACCTTCTCGGGTCAGTCAGTGGCCAAAACCCGAGAAGCTGTGCATCTACAC
MR076-1-F	 TGCTGAGAGAAAGTCAACCACCAGCTGTTTTGGCCACTGACTGACAGCTGGTGTGACTTTCTCT
MR076-1-R	 CCTGAGAGAAAGTCACACCAGCTGTCAGTCAGTGGCCAAAACAGCTGGTGGTTGACTTTCTCTC

The sequences that showed the most effectively inhibited rate in the pre-experiment were selected for use in combined Cyclin D1-Bcl-xL shRNA.
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sense: 5'-AGCTTGGATGGCCACTTACCTG-3' and antisense: 
5'-TGCTGCATTGTTCCCATAGAGTTC-3' (100 bp). Each 
assay was performed in triplicate and repeated three times.

Western blot analysis. Transfected cells were collected for 
Western blot analysis. Following transfection with shRNAs 
72 h later, the cells were lysed in EBC buffer with protease 
inhibitor on ice and centrifuged at 10,000 x g for 10 min at 
4˚C. Lysates were separated by 10% sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis (PAGE) and then 
transferred electrophoretically onto polyvinylidene fluoride 
(PVDF) membranes. The membranes were blocked in PBS-T 
containing 5% non-fat dry milk and 0.1% Tween‑20 for 2 h at 
room temperature. Subsequently, the membranes were washed 
with PBS-T containing 0.1% Tween‑20 and incubated with 
rabbit anti-human Bcl-xL antibody (Cell Signaling, Beverly, 
MA, USA) at a dilution of 1:1000, and mouse anti‑human Cyclin 
D1 antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) 
at a dilution of 1:500 overnight at 4˚C. The membranes were 
then incubated with horseradish peroxidase (HRP)-conjugated 
secondary antibodies. The peroxidase activity was detected using 
the enhanced chemiluminescence system (Pierce, Rockford, IL, 
USA), according to the manufacturer's instructions.

Cell proliferation analysis. To determine the effect of Cyclin D1 
and Bcl-xL shRNAs on cell proliferation, cells were seeded in 
12-well plates at a density of 20x104 cells/well and cultivated 
with RPMI-1640 in the CO2 incubator at 37˚C. Following 
transfection with Cyclin D1 and Bcl-xL shRNAs 48 h later, 
untreated cells and the transfected cells were collected. The 
total cell number was determined with a hematocytometer 
under an inverted microscope. Each assay was performed in 
triplicate and repeated three times.

Dimethylthiazol-diphenyltetrazolium bromide (MTT) assay. 
Cell proliferation was assessed by the MTT assay. A549 and 
NCI-H441 cells were seeded in 96-well plates and transfected 
with shRNAs for 48 h. Then, 10 µl of 5 mg/ml MTT (in PBS) 
was added to each well and continually incubated for 4 h 
at 37˚C. The formazan granules obtained from cells were 
dissolved in 150 µl dimethyl sulfoxide (DMSO) for 10 min. 
Cell viability was then measured in terms of optical density 
(OD) at a wavelength of 490 nm. Each cell viability assay 
was performed in quadruplicate and repeated three times.

Annexin V/propidium iodide (PI) staining. To determine the 
effect of Cyclin D1 and Bcl-xL shRNAs on cell apoptosis, 
cells were seeded in 6-well plates at a final concentration of 
3x105/ml and transfected with those plasmids, respectively. 
Cells were collected, washed with PBS and successively 
resuspended in 500 µl binding buffer. Cells were incubated 
with 5  µl FITC‑conjugated human Annexin V (KeyGen 
Biotech, Nanjing, China) in the dark for 15 min at 4˚C and 
then stained with 5 µl PI (KeyGen Biotech). After 10 min, 
samples were immediately analyzed with a FACSCalibur (BD 
Biosciences, San Jose, USA) flow cytometer. Each assay was 
performed in triplicate and repeated three times.

Statistical analysis. Data were expressed as the mean ± stan-
dard deviation (SD). Differences in the data were analyzed by 

ANOVA. P<0.05 was considered to be statistically significant. 
Statistical analysis was carried out using SPSS 13.0 software.

Results

Effects of three shRNAs on Cyclin D1 and Bcl-xL expression 
in cancer cells. The plasmids were transfected into A549 and 
NCI-H441 cells. The efficacy of transfection was detected by 
measuring the percentage of the fluorescent cells, which were 
transfected by the plasmids containing the GFP gene. Results 
showed the efficacy of transfection of these plasmids in the 
A549 and NCI-H441 cells to be >70%.

The silencing effects of RNAi were evaluated using 
real‑time RT-PCR analysis and Western blot analysis to detect 
the levels of mRNA and protein, respectively. We observed 
the expression of mRNA and the proteins in NSCLC A549 
and NCI-H441 cells. Cyclin D1 and Bcl-xL shRNAs are 
capable of down‑regulating the expression levels of mRNA 
(Fig. 1) and protein (Fig. 2) (P<0.05), while the blank control 
showed no effects (P>0.05). Additionally, no significant 
differences were observed between the combined and 
single interference groups regarding Cyclin D1 or Bcl-xL,  
respectively (P>0.05).

Induction of proliferation in A549 and NCI-H441 cells by 
treatment with RNAi. Proliferation was assessed by the cell 
count (Fig. 3A) and MTT assay (Fig. 3B). shRNA-treated cells 
exhibited a significant decrease compared with the untreated 
cells (P<0.05). Furthermore, the proliferation efficacy of the 
group with combined interference had a significant decrease 
compared with the groups of Cyclin D1 shRNA- and Bcl-xL 
shRNA-treated cells (P<0.05).

Induction of apoptosis in A549 and NCI-H441 cells by treat-
ment with RNAi. Apoptosis was assessed by annexin V/PI 
nuclear staining. As shown in Fig. 4, combined targeted inter-
ference significantly promoted cell apoptosis compared with 
single interference (P<0.05). The three interference groups 
also had statistically significant promotion of cell apoptosis 
compared with the blank control (P<0.05).

Discussion

Findings of the present study showed that the cell cycle- 
regulatory molecule Cyclin D1 and the anti-apoptotic protein 
Bcl-xL were overexpressed in A549 and NCI-H441 lung 
cancer cells. Thus, Cyclin D1 and Bcl-xL may be potential 
therapeutic targets in NSCLC. The down‑regulation of 
Cyclin D1 and Bcl-xL in NSCLC by single interference has 
been reported (18,25,26). We performed a combined inter-
vention of the two genes, and the results demonstrated that the 
combined intervention was more effective in promoting cell 
apoptosis and reducing cell proliferation in the NSCLC A549 
and NCI-H441 cell lines than single intervention.

Previous studies have confirmed that combinational 
interference with shRNA and chemo/radiation therapy 
may increase the efficacy of individual therapy  (28,29). 
To increase the efficacy of shRNA therapy, combinational 
therapy (double or triple therapy) may be a novel strategy for  
cancer treatment (30,31).
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In the present study, we first successfully constructed 
pcDNA6.2‑GW/EmGFP-miR vectors expressing Bcl-xL 
shRNA, Cyclin D1 shRNA and Cyclin D1-Bcl-xL shRNA, 
respectively. The results indicated that Bcl-xL shRNA, 
Cyclin D1 shRNA and Cyclin D1-Bcl-xL shRNA efficiently 
inhibited the expression of the target genes, as demonstrated 
by the mRNA and protein levels shown in Figs. 2 and 3. The 
protein expression levels of Bcl-xL and Cyclin D1 were signifi-
cantly reduced in the groups of Cyclin D1 shRNA, Bcl-xL 
shRNA and Cyclin D1-Bcl-xL in A549 and NCI-H441 cells 
compared with the blank group. The results of quantitative 
RT-PCR analysis of Bcl-xL and Cyclin D1 revealed mRNA 
variations that generally correlated with the Western blotting 
data in our study. RT-PCR and Western blot analysis further 
indicated that shRNA-transfected cells had successfully 
silenced the target gene.

Cyclin D1 shRNA transfection resulted in marked 
changes in the levels of proliferation and apoptosis in A549 
and NCI-H441 cells. A number of gene therapy strategies 
targeting Cyclin D1 have been used in vitro and in vivo, and 

have been shown to suppress tumor growth and promote tumor 
apoptosis in lung cancer (32,33). Driscoll et al have reported 
that Cyclin D1 antisense oligonucleotide-transfected A549 and 
NCI-H441 cells exhibited a reduced growth rate with a range 
of 40-60% at 0-8 day growth curves, which was consistent 
with our results (32). However, Huang et al have reported cell 
proliferation assay analysis performed at 1-, 3-, 5- and 7-day 
time points (18). These authors found that cells transfected with 
Cyclin D1-targeted shRNA exhibited a significant decrease in 
cell proliferation only at the 7-day time point (P<0.05), and 
there was no significant difference at the 1-, 3- and 5-day 
time points (P>0.05). We analyzed the possible reasons for 
these differences. Firstly, the intervention methods utilized 
are different. Oligonucleotide transfection efficacy was higher 
than plasmid transfection efficacy. Secondly, cell proliferation 
and apoptosis were related to the time of interference. We 
detected the proliferation and apoptosis of lung cancer cells 
within 48 h following transfection.

Bcl-xL has been found to be overexpressed in various types 
of cancer, such as lung and prostate cancer (25,34). Kim et al 

Figure 2. Quantification of (A) Cyclin D1 and (B) Bcl-xL protein expression  
level in A549 and NCI-H441 cells (mean ± SD). The plasmids were trans-
fected into A549 and NCI-H441 cells. The transfected cells were collected 
for Western blot analysis. The intensity of the Bcl-xL and Cyclin D1 bands 
upon each treatment was quantified for 3 independent experiments and 
the mean values were obtained. (A and B) The protein expression levels 
of Bcl-xL and Cyclin D1 were significantly reduced by Cyclin D1 shRNA, 
Bcl-xL shRNA and Cyclin D1-Bcl-xL shRNA (combined shRNA) in the 
groups of A549 and NCI-H441 cells compared with the blank group, 
*P<0.05. No significant difference was found among the combined shRNAs 
and single shRNA on Cyclin D1 or Bcl-xL, respectively, in the transfected 
cells, P>0.05. SD, standard deviation; shRNA, short hairpin RNA.

  A

  B

Figure 1. Effect of micro30 shRNA on the mRNA of Cyclin D1 and Bcl-xL 
(mean ± SD). The plasmids were transfected into A549 and NCI-H441 
cells. Gene expression values were then calculated. (A) Cyclin D1 mRNA 
expression was significantly reduced in A549 and NCI-H441 lung cancer cells 
transfected with Cyclin D1 shRNA and Cyclin D1-Bcl-xL shRNA (combined 
shRNA) compared with the blank control group, *P<0.05. (B) Bcl-xL mRNA 
expression was significantly reduced in A549 and NCI-H441 lung cancer cells 
transfected with Bcl-xL shRNA and Cyclin D1-Bcl-xL shRNA compared with 
the blank control, *P<0.05. No significant difference was found among the 
combined shRNAs and single shRNA on Cyclin D1 or Bcl-xL, respectively, 
in the transfected cells, P>0.05. SD, standard deviation; shRNA, short hairpin 
RNA; RT-PCR, reverse transcripion-polymerase chain reaction.

  A

  B
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have proven that Bcl-xL as an anti-apoptotic protein may result 
in a multiple drug-resistant phenotype (35). Antisense oligonu-
cleotide‑directed Bcl-xL has been shown to cause sensitization 
to chemotherapy and significant apoptosis in NSCLC (36,37). 
Lei et  al have reported that inhibition of Bcl-xL small 
interfering RNA (shRNA) on the cisplatin (DDP)‑resistant 
human lung adenocarcinoma cell line A549/DDP was 
12.65‑58.75% (25). It is thus further confirmed that Bcl-xL 
may be a potent intervention target in NSCLC.

Cyclin D1-Bcl-xL shRNA transfection was more effective 
in promoting cell apoptosis and reducing cell proliferation 
compared with single shRNA transfection. The inhibition 
rate of the combined intervention was less than the sum of 
the individual Cyclin D1 shRNA and Bcl-xL shRNA groups. 
However, apoptosis of the Cyclin D1-Bcl-xL shRNA group 
was 14.3% more than the sum of the Cyclin D1 shRNA 
(4.835%) and Bcl-xL shRNA (5.41%) in the A549 cell groups. 
A similar result was achieved in the NCI-H441 cells with 
Cyclin D1-Bcl-xL shRNA (15.5%), Bcl-xL shRNA (6.2%) 
and Cyclin D1 shRNA (5.7%). The change in apoptosis and 
growth suppression in the Cyclin D1-Bcl-xL shRNA group 
was not consistent. This inconsistency may be due to the fact 
that Cyclin D1 and Bcl-xL play roles in carcinogenesis through 
different molecular mechanisms with apoptosis inhibitors 
and cell-cycle regulators, respectively (7,23). A number of 
studies have reported that activation of the signal transducer 
and activator of transcription (STAT) 3, a potent transcrip-
tion factor, is capable of suppressing apoptosis by mediating 
survival gene products including Bcl-xL and may lead to cell 
proliferation through its ability to induce the expression of 
Cyclin D1 in NSCLC (38-40). Combined interference using 
Cyclin D1 and Bcl-xL may affect STAT3 signaling, resulting 
in growth suppression that is less than the sum of single inter-
ference. Additionally, besides its role in cell cycle regulation, 
Cyclin D1 is intricately involved in the regulation of apoptosis. 
The effect of Cyclin D1 may be proapoptotic or antiapoptotic, 
depending on the different state of the cell (17,27). That may 
account for the combined interference using Cyclin D1 and 
Bcl-xL promoting apoptosis more effectively than the effect 
of the sum of single interference. Whether the two genes are 
capable of acting synergistically requires further investiga-
tion. Biliran et al have reported that the expression of cell 
survival proteins, such as bcl-xL, remained relatively high 
in Cyclin D1-overexpressing cells (27). Therefore, combined 
interference using Cyclin D1 and Bcl-xL may be more effec-
tive than targeted single interference.

In conclusion, we have shown that Cyclin D1 and Bcl-xL 
were overexpressed in NSCLC A549 and NCI-H441 cells, 
and that the molecular-targeted repression of the combined 
Cyclin D1 and Bcl-xL genes was a more effective therapeutic 
strategy for NSCLC than the down‑regulation of either single 
gene in promoting cell apoptosis and reducing cell prolif-
eration. Combined interference on Cyclin  D1 and Bcl-xL 
may therefore be a potent target strategy in NSCLC therapy. 
Although our findings in vitro were only from two cell lines, 
these results may have significant implications. Further in vivo 
studies are required to elucidate whether combined interfer-
ence of Cyclin D1 and Bcl-xL may also more effectively inhibit 
tumors. In future, for effective in vivo delivery, tumor speci-
ficity, TNM staging and non-specific immune responses should 

Figure 3. Effect of three shRNAs on tumor cell proliferation (mean ± SD). 
The plasmids were transfected into A549 and NCI-H441 cells. Proliferation 
was assessed by (A) the cell count and (B) MTT assay. Values are the  
mean ± SD. (A) The number of Cyclin D1 shRNA and Bcl-xL shRNA cells 
showed that the three different interventions inhibited cell proliferation 
compared with the blank group in A549 and NCI-H441 cells, P<0.05. A549 
and NCI-H441 cells showed a more significant decrease in Cyclin D1-Bcl-xL 
shRNA (combined shRNA) compared with either of the single interventions, 
**P<0.05. (B) The inhibition rate of the three intervention groups was sig-
nificantly more marked in the A549 and NCI-H441 cells compared with the 
blank group, *P<0.05. A significant decrease was found for the combined 
shRNA group compared with the Cyclin D1 shRNA or Bcl-xL shRNA 
groups, **P<0.05. SD, standard deviation; MTT, dimethylthiazol-diphenyltet-
razolium bromide; shRNA, short hairpin RNA.

  A

  B

Figure 4. Apoptosis of lung cancer cells A549 and NCI-H441 induced 
by shRNAs (mean ± SD). The plasmids were transfected into A549 and 
NCI‑H441 cells. Apoptosis was assessed by Annexin V/PI nuclear staining. 
Three different interventions induced cell apoptosis compared with the blank 
group in A549 and NCI-H441 cells, P<0.05. Apoptosis of the A549 and 
NCI-H441 cells was more effectively induced by Cyclin D1-Bcl-xL shRNA 
(combined shRNA) compared with either of the single interventions, **P<0.05. 
SD, standard deviation; shRNA, short hairpin RNA; PI, propidium iodide.
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be overcome before this technology may be successfully used 
in clinical research.
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