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Abstract. The imbalance between cell proliferation and 
apoptosis was implicated to serve key roles in cancer patho-
genesis. The characteristics of microRNAs (miRNAs/miRs) 
have attracted much attention in research focusing on cancer 
pathogenesis in recent years. miR‑122‑3p has been reported 
to be associated with a number of disease processes and 
pathogenesis, including lung cancer. The present study aimed 
to investigate the association of miR‑122‑3p expression level 
with cell proliferation and apoptosis in a lung cancer cell line. 
A549 cells were transfected with miR‑122‑3p to interrupt 
the expression of miR‑122‑3p. Subsequently, MTT and BrdU 
assay, and western blot were used to analyze the influence of 
miR‑122‑3p on lung cancer cell proliferation, cell viability and 
its underlying mechanism. The present study revealed that, 
by targeting p27, overexpression of miR‑122‑3p inhibited cell 
proliferation in lung cancer. Furthermore, the cell apoptosis 
analysis suggested that overexpression of miR‑122‑3p was able 
to inhibit cell apoptosis by targeting Forkhead box O. These 
findings suggest that miR‑122‑3p may be associated with the 
pathology and progression of lung cancer and be a new thera-
peutic target for this disease.

Introduction

Lung cancer remains a leading cause of cancer‑associated 
mortalities worldwide, despite considerable progress in the 
development of therapies. The prevalence and mortality rates 

of lung cancer have increased worldwide (1‑3). The detection 
and pathological research of lung cancer are important in the 
diagnosis and therapy of cancer diseases (4,5). In view of this, 
it is necessary to elucidate the molecular mechanisms under-
lying cell proliferation and apoptosis in lung cancer cells.

The imbalance between cell proliferation and apoptosis has 
been implicated to serve key roles in cancer pathogenesis (6,7). 
Accumulating evidence has indicated that microRNAs 
(miRNAs or miRs) serve a role in a number of cancer processes, 
including lung cancer (8‑10). The results of previous studies 
have demonstrated that targeting or regulating miRNAs may 
identify novel ways to effectively overcome lung cancer resis-
tance and personalize lung cancer therapy (11,12). Therefore, 
as a type of small non‑coding RNA, miRNA potentially serves 
roles in tumorigenesis and has attracted increasing attention.

Van Keuren‑Jensen  et  al  (8) recently revealed that 
miR‑122‑3p was significantly downregulated between early 
and advanced fibrosis of the liver. Another recent study by 
Wang  et  al  (13) demonstrated that miR‑122‑3p exhibited 
significant association with either plasma cytokine and chemo-
kine levels, or clinical features in patients with rheumatoid 
arthritis. Increasing evidences have indicated that miR‑122‑3p 
was downregulated in a number of types of cancer in humans, 
which suggested that miR‑122‑3p may serve a key role in 
tumorigenesis (14).

p27 and p21 are cell cycle regulators, which are reported 
to be associated with numerous types of tumor cell cycles, 
including liver, cervical and gastric cancer (15‑17). Although 
these studies have demonstrated that p27 and p21 serve 
important roles in cell proliferation regulation, the mechanism 
underlying lung cancer remains to be elucidated.

Furthermore, Forkhead box O (FOXO) proteins belong to 
a family of proteins including FOXO1, FOXO3a, FOXO4 and 
FOXO6 in humans. Accumulating evidences have suggested 
that FOXO proteins function as tumor suppressors (18,19).

The aim of the present study was to clarify the role of 
miR‑122‑3p in tumor growth of lung cancer cells. In the present 
study, A549 cells were transfected with control, miR‑122‑3p 
mimic or miR‑122‑3p inhibitor to affect miR‑122‑3p expres-
sion. Subsequently, an MTT assay was performed to detect 
cell proliferation. The results revealed that overexpression 
of miR‑122‑3p suppressed lung cancer cell proliferation. 
Subsequently, 5‑bromo‑2‑deoxyuridine (BrdU) staining assay 
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was performed to further investigate the mechanisms under-
lying miR‑122‑3p‑induced cell growth inhibition. In addition, 
p27 was revealed to be upregulated by miR‑122‑3p. Finally, 
the present study analyzed FOXO, bim, and pro‑ and activated 
caspase‑3 expression levels to clarify the mechanism under-
lying the effect of miR‑122‑3p on cell apoptosis regulation. 
The results demonstrated that miR‑122‑3p induced apoptosis 
by targeting FOXO in A549 cells. The present study provides 
theoretical basis and a new insight into the treatment of lung 
cancer.

Materials and methods

Cell culture. A549 cells were obtained from American Type 
Culture Collection (Manassas, VA, USA) and cultured in 
Dulbecco's modified Eagle's medium (DMEM; Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (Invitrogen; Thermo 
Fisher Scientific, Inc.) at 37˚C in 5% CO2. The cells were 
transfected with mature miR‑122‑3p mimic (5'‑AAC​AGC​
ACA​AAC​UAC​UAC​CUC​A‑3') or miR‑122‑3p inhibitor 
(5'‑UAU​UUA​GUG​UGA​UAA​UGG​CGU​U‑3'; both from 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
using Lipofectamine®  2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
U6 (5'‑AACGCTTCACGAATTTGCGT‑3'; Sigma‑Aldrich; 
Merck KGaA) was selected as a miRNA control. In brief, 
miR‑122‑3p mimic or inhibitor and Lipofectamine® 2000 
reagent, diluted with 50  µl antibiotic‑free DMEM, were 
mixed and incubated for 20 min at room temperature. The 
cells (5x103 cells/well) were seeded onto a 96‑well plate and 
cultured with 400 µl antibiotic‑free DMEM. Then, the mixture 
was added to the cell culture plates and incubated at 37˚C in 
5% CO2. Following 48 h transfection, the stably transfected 
cells were maintained for ~4 weeks by the culture medium 
containing 0.5 mg/ml G418 (Sigma‑Aldrich; Merck KGaA). 
G418‑resistant cells were directly collected for use in subse-
quent experiments.

Cell proliferation and MTT assay. A549 cells were digested 
with 0.25% trypsin for 3 min at room temperature, re‑suspended 
in 3 ml culture medium and counted using a hemocytometer 
following exposure to Danshen extract (Xi'an Feida Bio‑tech 
Co., Xi'an, China) every 2 h for 12 h (a total of 6 times). For 
the MTT assay, 5x103 cells/well were seeded onto 96‑well 
culture plates, exposed to 5 µg/ml Danshen and incubated for 
2 h at 37˚C. Cell viability was then analyzed by adding 20 µl 
10 mg/ml MTT (Sigma‑Aldrich) to 0.2 ml culture medium and 
incubated for 3 h at 37˚C. Following removal of the medium, 
formazan (in dimethylsulfoxide) was added, and the 590 nm 
optical density was recorded using a Multiskan EX (Thermo 
Fisher Scientific, Inc.) (20).

BrdU assay. Cells were seeded in 6‑well plates at a density of 
2x104 cells/well on sterilized coverslips for 72 h at 37˚C. BrdU 
(Sigma‑Aldrich; 10 µM) was added to the medium and incu-
bated at 37˚C for 5 h. Cells were fixed in 70% ethanol for 5 min 
at 4˚C followed by addition of 1.5 M HCl to the cells for 30 min 
at room temperature to denature DNA. Immunofluorescence to 
visualize incorporated BrdU was performed by using a mouse 

anti‑BrdU antibody (cat no. 555627; 1:1,000; BD Biosciences, 
San Jose, CA, USA) to incubate cells for 1 h at 37˚C. Then, 
incubation with secondary green‑fluorescence dye‑conjugated 
antibody (Alexafluor® 594; 1:1,000; Invitrogen; Thermo Fisher 
Scientific, Inc.) was subsequently performed for 45 min at 
37˚C. VECTASHIELD mounting medium with DAPI (Vector 
Laboratories, Inc., Burlingame, CA, USA) was used to stain 
the nuclei for 5 min at room temperature. Images were visu-
alized using a Leica inverted fully automated microscope 
(DMI6000B) at magnification, x40 with a digital camera DFC 
420 RGB (Leica Microsystems GmbH, Wetzlar, Germany) (21). 
The Brdu labeling index (LI) was the number of Brdu‑positive 
cells/the total number of cells in 10 fields and analyzed using 
SPSS version 19.0 (IBM Corp., Armonk, NY, USA).

Apoptosis assay. At 24 h following transfection, cells were 
harvested and suspended in Annexin‑binding buffer (Thermo 
Fisher Scientific, Inc.) and then incubated with Annexin V‑FITC 
Apoptosis Detection kit (Sigma‑Aldrich; Merck KGaA) for 
30 min in the dark at 25˚C. Apoptotic cells were subsequently 
analyzed using a FACS can (Beckman Coulter, Inc., Brea, CA, 
USA) and FlowJo version 10.4 (FlowJo LLC, Ashland, OR, 
USA) (6).

Western blot analysis. Cells were washed once with PBS 
and lysed in a radioimmunoprecipitation assay lysis buffer 
(Beyotime Institute of Biotechnology, Haimen, China) supple-
mented with Phenylmethanesulfonyl fluoride (Beyotime 
Institute of Biotechnology) for 30 min at 0˚C. Protein samples 
were measured the concentrations using Bradford Protein 
Assay kit (Beyotime Institute of Biotechnology) for 10 min at 
room temperature, boiled for 10 min in SDS sample buffer, 
then separated by SDS‑PAGE and transferred to a nitrocellu-
lose membrane. The membranes were incubated with primary 
antibodies (all dilution 1:1,000) overnight at 4˚C following 
blocking with 5% skim milk in TBS Tween‑20 (TBST) for 
1 h at room temperature. Membranes were washed once with 
TBST and incubated with horseradish peroxidase‑conju-
gated secondary anti‑rabbit antibody (cat. no.,  ab191866; 
1 mg/ml; Abcam, Cambridge, UK) for 2 h at room temperature. 
WEST‑ZOL‑plus Western Blot Detection system (iNtRON 
Biotechnology, Sungnam, Korea) was used to visualize the 
protein bands. Antibodies specific to actin (cat no. 8457) were 
purchased from Cell Signaling Technology, Inc. (Danvers, 
MA, USA) and served as the internal control. Activated 
caspase‑3 (cat no. ab2302), p27 (cat no. ab54563), p21 (cat 
no. ab7960) and pro‑caspase‑3 (cat no. ab32150) antibodies 
were obtained from Abcam. Bim (cat no. 2933), FOXO1 (cat 
no. 2880), FOXO3 (cat no. 2497) and phosphorylated FOXO1/3 
(cat no. 9464) antibodies were purchased from Cell Signaling 
Technology, Inc. (22).

Statistical analysis. All experiments were repeated three 
times. Data are presented as the mean ± standard deviation 
(SD). SPSS version 19.0 (IBM Corp.) was used for statistical 
analysis of data. Statistical significance was evaluated by 
one‑way analysis of variance for multi‑group comparisons 
with Bonferroni analyses or Student's t‑test for two group 
comparisons. P<0.05 was considered to indicate a statistically 
significant difference.
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Results

Overexpression of miR‑122‑3p reduces cell proliferation in 
A549 cells. To analyze the effect of miR‑122‑3p on cell prolif-
eration, A549 cells were transfected with the control (U6), 
miR‑122‑3p mimic or miR‑122‑3p inhibitor, and an MTT 
assay was performed. As demonstrated in Fig. 1, miR‑122‑3p 
overexpression significantly inhibited the proliferation of 
A549 cells compared with controls. Correspondingly, cells 
transfected with miR‑122‑3p inhibitor significantly increased 
A549 cell proliferation compared with controls (P<0.05).

miR‑122‑3p overexpression induces cell growth arrest via 
upregulation of p27 in A549 cells. To analyze the effect of 
miR‑122‑3p on cell proliferation, A549 cells were transfected 
with the control, miR‑122‑3p mimic or inhibitor, and BrdU 
staining was performed. To further investigate the mecha-
nisms underlying miR‑122‑3p‑induced cell growth inhibition, 
the present study analyzed the effect of miR‑122‑3p on various 
cell cycle regulators in A549 cells. BrdU positive cells were 
significantly decreased in the miR‑122‑3p mimic group and 
increased following miR‑122‑3p suppression compared with 
the control group (P<0.05 and P<0.01, respectively; Fig. 2A). 
Marked accumulation of p27 was detected in response to 
miR‑122‑3p expression. Conversely, p21 expression was not 
markedly affected by miR‑122‑3p expression (Fig. 2B).

Overexpression of miR‑122‑3p induces apoptosis in A549 
cells. To analyze the effect of miR‑122‑3p on cell death, A549 
cells were transfected with the control, miR‑122‑3p mimic or 
inhibitor, and an apoptosis assay was performed. As presented 
in Fig. 3, overexpression of miR‑122‑3p significantly increased 
the rate of apoptosis compared with the control group (P<0.01), 
while miR‑122‑3p suppression decreased apoptosis in A549 
cells (P<0.05).

miR‑122‑3p induces apoptosis by targeting FOXO in A549 
cells. To further investigate the mechanisms underlying the 
effect of miR‑122‑3p on apoptosis, A549 cells were trans-
fected with the control, miR‑122‑3p mimic or inhibitor, and 
the expression levels of FOXO, bim, and pro‑ and activated 
caspase‑3 were evaluated (Fig.  4). The results confirmed 
that A549 cell apoptosis was associated with the expression 
of FOXO. The western blot results of FOXO, bim, pro and 

activated caspase‑3 expressions demonstrated that miR‑122‑3p 
promoted cell apoptosis by targeting FOXO.

Discussion

As one of the most common types of malignant tumors 
worldwide, lung cancer research has attracted increasing 
attention in research; however, there is currently no effective 

Figure 1. Effects of miR‑122‑3p expression on A549 cell proliferation. The cell viability of A549 cells transfected with (A) miR‑122‑3p mimic or (B) miR‑122‑3p 
inhibitor were analyzed by MTT assay. Inhibition of miR‑122‑3p downregulated cell proliferation of A549 cells. *P<0.05 vs. the control group. miR, microRNA.

Figure 2. The effects of miR‑122‑3p expression on cell cycle regulator p27 
were performed by BrdU staining and western blot. (A) A549 cells trans-
fected with miR‑122‑3p mimic demonstrated a lower percentage of BrdU 
positive cells vs. the control group. (B) Western blot results showed a high 
expression level of p27 vs. the control group, whereas p21 was not affected by 
miR‑122‑3p expression. miR‑122‑3p upregulated p27 in the cell proliferation 
inhibition progress. *P<0.05; **P<0.01 vs. the control group. miR, microRNA; 
BrdU, 5‑bromo‑2‑deoxyuridine.
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treatment strategy (23,24). miRNA is a type of non‑coding 
RNA molecule that inhibits the expression of target genes at 
multiple stages (25). As one of the most important regulators 
in the pathogenesis of human diseases, there are between 
800 and 1,000 known miRNAs in the human genome that 
serve important roles in cancer cell progress regulation via 

the regulation of gene expression (25,26). Certain miRNAs 
have been reported to serve key roles in the progression of 
human lung cancer, including miR‑145 and miR‑21 (27,28).

The present study investigated the association between 
miR‑122‑3p and lung cancer, and revealed that miR‑122‑3p was 
associated with lung cancer cell proliferation. Furthermore, 
cell apoptosis was also an important mechanism associated 
with the progression of cancer. Therefore, a cell apoptosis 
assay was performed, which confirmed that miR‑122‑3p 
induced lung cancer apoptosis.

p27 and p21 are cell cycle regulators that are associated 
with numerous types of disease, demonstrating prognostic 
importance  (29). Skirnisdottir and Seidal  (30) previously 
evaluated the prognostic value of p21 alone and in combination 
with p27, and revealed that patients with non‑serous tumors 
and concomitant p21 and p27 positivity patients exhibited 
excellent survival rates. In another study, p21 and p27 were 
reported to be associated with the cellular proliferation of lung 
cancer (31).

To fully elucidate the underlying mechanism of miR‑122‑3p 
on cancer cell proliferation of lung cancer, the present 
study performed BrdU staining and western blot analysis 
to evaluate the expression levels of p21 and p27. The results 
demonstrated that p27 was markedly accumulated in response 
to miR‑122‑3p expression, whereas p21 was not affected by 
miR‑122‑3p expression. Therefore, the present study concluded 
that miR‑122‑3p inhibits cell proliferation of lung cancer by 
upregulating p27 expression.

Figure 3. Effects of miR‑122‑3p expression on the apoptosis of A549 cells. The cell apoptosis percentage of A549 cells transfected with miR‑122‑3p mimic or 
miR‑122‑3p inhibitor was (A) analyzed by MTT assay and (B) quantified. Inhibition of miR‑122‑3p downregulated apoptosis of A549 cells. *P<0.05; **P<0.01 
vs. the control group. miR, microRNA; PE‑A, phycoerythrin‑area; FITC‑A, fluorescein isothiocyanate‑area.

Figure 4. Association of miR‑122‑3p expression and FOXO on cell apoptosis. 
The expression levels of FOXO, bim, and pro‑ and activated caspase‑3 was 
performed by western blot analysis. Inhibition of miR‑122‑3p downregulated 
the expression of FOXO. miR‑122‑3p induced apoptosis by targeting FOXO 
in A549 cells. miR, microRNA; FOXO, Forkhead box O; p, phosphorylated.
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FOXO proteins, as tumor suppressors, have been confirmed 
to regulate a number of cellular functions, including cell cycle, 
apoptosis, DNA damage repair and energy metabolism (32). 
In addition, FOXO overexpression and nuclear accumula-
tion have been reported to be associated with reduced tumor 
growth, controlling cell homeostasis and cell fate (33).

In the present study, A549 cells were transfected with 
the control, miR‑122‑3p mimic or inhibitor, and the expres-
sion levels of FOXO, bim, and pro‑ and activated caspase‑3 
were determined. Apoptosis assay and western blot analysis 
were also performed. The results confirmed that miR‑122‑3p 
promotes cell apoptosis by targeting FOXO.

In summary, miR‑122‑3p inhibits cell proliferation by 
upregulating p27 expression and induces cell apoptosis by 
targeting FOXO in A549 lung cancer cells. These findings 
suggest that miR‑122‑3p may be associated with the progres-
sion of lung cancer and be a new therapeutic target for this 
disease.
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