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Abstract. Calponin 3 (CNN3) is known to serve a role in 
certain types of cancer, such as gastric cancer and colorectal 
cancer. The present study investigated the clinical signifi‑
cance of CNN3 in non‑small cell lung cancer (NSCLC) by 
evaluating its expression profile and relationship with disease 
prognosis using the Gene Expression Omnibus repository, 
Gene Expression Profiling Interactive Analysis 2 (GEPIA2) 
and Kaplan‑Meier plotter analysis. CNN3 mRNA expression 
was measured using reverse transcription‑quantitative PCR, 
while the protein expression level was measured using western 
blot analysis. Cell proliferation, cell cycle and apoptosis, and 
migration and invasion were analyzed using MTS assay, flow 
cytometry and Transwell assays, respectively. These results 
revealed that CNN3 mRNA expression was downregulated 
in NSCLC tissues compared with that in normal tissues. 
Additionally, CNN3 expression had a high diagnostic value 
based on the GSE2514 dataset and the data from The Cancer 
Genome Atlas and the Genotype Tissue Expression database, 
whereas it had a low diagnostic value based on the GSE10072 
dataset. Furthermore, CNN3 expression was associated with 
survival in patients with lung adenocarcinoma (LUAD), 
whereas it was not associated with survival in patients with 
lung squamous cell carcinoma (LUSC) according to the 
Kaplan‑Meier plotter results. According to the data from 
GEPIA2, and the GSE72094, GSE41271 and GSE31210 data‑
sets, CNN3 expression was not associated with the prognosis 
of patients with LUAD and LUSC. The mRNA and protein 
expression levels of CNN3 were lower in two NSCLC cell lines 
(A549 and SK‑MES‑1) than in a human bronchial epithelial 
cell line (BEAS‑2B). CNN3 overexpression suppressed cell 

proliferation, migration and invasion, induced G1‑phase arrest, 
promoted apoptosis and suppressed PI3K/AKT signaling 
pathway activation in the NSCLC cell lines, whereas CNN3 
overexpression had no effect on cell morphology. In conclusion, 
CNN3 suppressed the proliferation and metastasis of NSCLC 
cells by downregulating the PI3K/AKT signaling pathway, 
making it a potential therapeutic target in this disease.

Introduction

Lung cancer is the most common of the major types of malig‑
nant diseases, presenting the greatest threat to the health and 
lives of individuals worldwide (1). Among the various types 
of cancer, lung cancer ranks first in terms of its incidence and 
mortality rate in men, whereas it ranks second for these param‑
eters in women (1). An estimated 2.09 million individuals 
worldwide were newly diagnosed with lung cancer in 2018, the 
highest number among all types of cancer (2,3). In China, the 
lung cancer incidence and mortality rate have also increased 
rapidly in recent years, attributable in large parts to smoking 
habits and severe air pollution (4). Although surgery is consid‑
ered the most effective treatment for lung cancer (5), more than 
half of afflicted patients are already in an advanced metastatic 
stage of the disease at the time of diagnosis, which is beyond 
the optimal period for surgical intervention (6). Despite great 
improvements in therapeutic strategies, the 5‑year survival 
rate of patients with lung cancer is still unsatisfactory (7). 
Therefore, the identification of novel and efficient molecular 
markers and clinical targets for the prevention and treatment 
of the disease remains a critical goal.

A previous study suggested that the occurrence and 
development of lung cancer are associated with the 
dysregulated expression and mutation of oncogenes and 
tumor suppressor genes  (8), and a number of proteins and 
non‑coding RNAs have been demonstrated to be involved in 
the pathogenesis of the disease (9,10). Previous studies have 
demonstrated that Musashi 2 and fibroblast growth factor 19 
act as independent prognostic biomarkers in non‑small cell 
lung cancer (NSCLC)  (11,12). Mitotic spindle organizing 
protein  2A overexpression promotes NSCLC cell prolif‑
eration and invasion, which is associated with poor NSCLC 
prognosis (13). However, the pathological processes leading 
to lung cancer development are complex and still not fully 
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understood. Therefore, further exploration of the functions 
and underlying mechanisms of other cancer‑related genes is 
still essential. Calponin 3 (CNN3), a member of the calponin 
family comprising actin filament‑associated proteins  (14), 
acts as a regulator of actin cytoskeleton reorganization and 
dynamics  (15). During embryonic development, CNN3 is 
expressed in the myoblasts and serves an important role in 
trophoblast fusion through its regulation of actin cytoskel‑
eton rearrangement (16,17). Furthermore, CNN3 expression 
is increased in cervical cancer cells, promoting the growth 
and metastasis of the disease (18). In gastric cancer, elevated 
CNN3 expression contributes to cancer cell resistance to 
doxorubicin (19). Additionally, CNN3 has been revealed to 
be a potential diagnostic marker of lymph node metastasis 
in colorectal cancer (20). In a more recent study, CNN3 was 
identified to be associated with a poor prognosis in patients 
with osteosarcoma, and could act as a potential prognostic 
biomarker (21). These aforementioned findings suggest that 
CNN3 serves various important roles in the pathogenesis of 
different types of cancer. However, to the best of our knowl‑
edge, its clinical significance and functions in NSCLC have 
not yet been investigated. Therefore, the present study aimed 
to explore the function of CNN3 in NSCLC and whether the 
protein could be used as a prognostic marker of this disease.

The present study focused on the role of CNN3 in 
NSCLC, including lung squamous cell carcinoma (LUSC), 
lung adenocarcinoma (LUAD) and large‑cell lung carcinoma, 
which comprises all lung cancer types other than the small 
cell carcinomas (22). The relative expression levels of CNN3 
in NSCLC and its association with disease prognosis were 
first analyzed using bioinformatics. Subsequently, the roles of 
CNN3 in NSCLC cell proliferation, migration and invasion 
were assessed. Finally, the mechanisms underlying the regula‑
tory activity of CNN3 were investigated.

Materials and methods

Bioinformatics analysis. The GSE2514 (23), GSE10072 (24), 
GSE72094 (25), GSE41271 (26) and GSE31210 (27) datasets 
were selected on Gene Expression Omnibus (GEO; https://www.
ncbi.nlm.nih.gov/geo/), and the basic clinical information of 
the patients is shown in Tables SI and SII. CNN3 expression 
in LUAD and LUSC tissues was analyzed using the GEO2R 
tools available on GEO, including the GSE2514 and GSE10072 
datasets. CNN3 expression in LUAD and LUSC tissues was 
also analyzed on the Gene Expression Profiling Interactive 
Analysis  2 (GEPIA2; http://gepia2.cancer‑pku.cn/#index) 
bioinformatics website (28), which includes data from The 
Cancer Genome Atlas (TCGA; https://portal.gdc.cancer.gov/) 
and Genotype Tissue Expression (GTEx; https://gtexportal.
org/). Additionally, the diagnostic value of CNN3 was deter‑
mined according to the data from the GSE2514 dataset, the 
GSE10072 dataset, and TCGA and GTEx. The prognostic 
value of CNN3 in LUAD and LUSC was assessed using the 
Kaplan‑Meier plotter (http://www.kmplot.com), the GEPIA2 
website, and the GSE72094, GSE41271 and GSE31210 data‑
sets. The groups with high and low CNN3 expression were 
established according to the A̒uto select best cutoff’ using 
Kaplan‑Meier plotter. For the analysis of the prognostic value 
of CNN3 in LUAD, the follow‑up period was restricted to 

150 months to exclude the late crossover event when using 
Kaplan‑Meier plotter analysis.

Cell culture and transfection. A total of two NSCLC cell lines 
(LUAD cells, A549; and LUSC cells, SK‑MES‑1) and a human 
bronchial epithelial cell line (BEAS‑2B) were obtained from 
The Cell Bank of Type Culture Collection of The Chinese 
Academy of Sciences. Another three NSCLC cell lines (LUAD 
cells, PC9 and NCI‑H1975; and LUSC cells, NCI‑H520) were 
obtained from Procell Life Science & Technology Co., Ltd. The 
culture and passage of these cells were performed according 
to the methods provided by the suppliers. The BEAS‑2B cells 
were cultured in bronchial epithelial growth medium (Lonza 
Group, Ltd.). The A549 and PC3 cells were cultured in F‑12K 
medium, while the NCI‑H1975 and NCI‑H520 cell lines were 
cultured in RPMI‑1640 medium and the SK‑MES‑1 cell line 
was cultured in Eagle's minimum essential medium (all from 
Gibco; Thermo Fisher Scientific, Inc.). All media was supple‑
mented with 10% FBS, 100 U/ml penicillin and 100 µg/ml 
streptomycin (all from Gibco; Thermo Fisher Scientific, Inc.). 
All the cell lines were maintained at 37˚C in a humidified 
incubator with 5% CO2. 

The CNN3‑coding sequence, synthesized by Guangzhou 
IGE Biotechnology LTD, was cloned into the pcDNA 3.1 
vector (Invitrogen; Thermo Fisher Scientific, Inc.) to construct 
a CNN3 overexpression recombinant plasmid, referred to 
as CNN3‑OV. The pcDNA 3.1 empty vector, referred to as 
negative control (NC), was used as a control. A total of 5 µg 
CNN3‑OV and NC were transfected into the A549, SK‑MES‑1, 
NCI‑H1975 and NCI‑H520 cells using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C for 24 h, 
then used for the subsequent experimentation. The images 
of cell morphology were captured under a light microscope 
(Olympus Corporation).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). After its quantifi‑
cation, 1 µg total RNA was reverse transcribed into first‑strand 
cDNA using the PrimeScript™ II 1st Strand cDNA Synthesis 
Kit (Takara Biotechnology Co., Ltd.), at 30˚C for 10 min, 42˚C 
for 60 min, then 85˚C for 10 min. PCR was performed using 
an ABI 7500 RT‑PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) and the SYBR® Premix Ex Taq™ Kit 
(Takara Biotechnology Co., Ltd.). The following thermocy‑
cling conditions were used: Initial denaturation at 95˚C for 
5 min, followed by 40 cycles at 95˚C for 15 sec and 60˚C for 
32 sec. The primer sequences used were as follows: CNN3 
forward, 5'‑CCC​AGA​AAG​GAA​TGA​GTG​TGT‑3' and reverse, 
5'‑CTCG​CCA​TGA​TAC​TCA​TCA​G‑3'; and 18S ribosomal 
RNA (18S rRNA) forward, 5'‑CCT​GGA​TAC​CGC​AGC​TAG​
GA‑3' and reverse, 5'‑GCG​GCG​CAA​TAC​GAA​TGC​CCC‑3'. 
The 18S rRNA sequence was used as an internal control to 
normalize CNN3 expression. The relative expression levels 
of CNN3 were calculated using the 2‑ΔΔCq method (29). The 
experiment was performed in triplicate. 

Cell proliferation assay. The CellTiter 96® AQueous One 
Solution Cell Proliferation Assay (MTS assay; Promega 
Corporation) was used to evaluate cell proliferation, which 
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does not require the formazan product to be dissolved prior to 
measuring the absorbance. In brief, A549 and SK‑MES‑1 cells 
(1x104 cells/well in 100 µl) transfected with the CNN3‑OV or 
NC recombinant plasmids for 24 h were seeded into 96‑well 
plates. After culture for 0, 24, 48 and 72 h, AQueous One 
Solution reagent (10 µl) was added to the wells, and the cells 
were further incubated at 37˚C for 2 h. The optical density 
at 490 nm (OD490 nm) was determined using a microplate reader 
(Bio‑Rad Laboratories, Inc.). The experiment was performed 
in triplicate.

Cell cycle analysis. A549 and SK‑MES‑1 cells transfected 
with the CNN3‑OV or NC recombinant plasmids for 48 h 
were collected and washed twice. Subsequently, the cells were 
fixed in ice‑cold 70% ethanol at 25˚C for 2 h. Next, the cells 
were washed twice and then stained according to the instruc‑
tions of the PI Cell Cycle Detection kit (Nanjing KeyGen 
Biotech Co., Ltd.). Cell cycle distribution was assessed using a 
BD FACSCanto flow cytometer (BD Biosciences) and the cells 
were analyzed using ModFit LT v4.1 (Verity Software House). 
The experiment was performed in triplicate.

Cell apoptosis assay. A549 and SK‑MES‑1 cells transfected 
with the CNN3‑ov or NC recombinant plasmids for 48 h were 
collected and washed twice with ice‑cold PBS. Subsequently, 
the cells were resuspended and stained according to the 
instructions of the Annexin V‑FITC/PI Apoptosis Detection 
kit (Nanjing KeyGen Biotech Co., Ltd.). The percentage of 
apoptotic cells was assessed using a BD FACSCanto flow 
cytometer (BD Biosciences) and cells were analyzed using 
FACSDiva  v8.0 (BD  Biosciences). This experiment was 
performed in triplicate.

Transwell migration and invasion assays. A549 or SK‑MES‑1 
cells were transfected with the CNN3‑OV or NC recombinant 
plasmids for 24 h. Subsequently, 2x105 cells in 200 µl serum‑free 
medium were seeded into the upper chamber of the polycar‑
bonate filter Transwell chamber (8‑µm; BD Biosciences). The 
lower chamber was filled with culture medium containing 
10% FBS (Gibco; Thermo Fisher Scientific, Inc.). The 
Transwell chamber was then incubated at 37˚C in a humidified 
incubator with 5% CO2 for 48 h. Next, the cells unable to pass 
through the filter were removed with a cotton swab. Finally, 
after washing with PBS, the filter membrane from the upper 
chamber was first fixed with precooled 4% paraformaldehyde 
at 25˚C for 10 min, then stained with crystal violet (0.5%) 
at 25˚C for 15 min. Subsequently, the numbers of migratory or 
invasive cells were counted under a light microscope (Olympus 
Corporation). For the Transwell invasion assay, 8‑µm poly‑
carbonate filter Transwell chambers were coated at 37˚C for 
30 min with Matrigel (BD Biosciences) and all other protocol 
steps were the same as those for the Transwell migration assay. 
The experiment was repeated five times.

Western blotting. Total protein was extracted from the cells 
using RIPA lysis buffer with protease and phosphatase 
inhibitors (all from Beyotime Institute of Biotechnology). The 
protein concentration in the supernatant was quantified using a 
BCA assay (Beyotime Institute of Biotechnology). After quan‑
tification of the total protein, 30 µg of each protein sample was 

separated using 10% SDS‑PAGE and then transferred onto poly‑
vinylidene fluoride membranes. Subsequently, all membranes 
were blocked with 5% skimmed milk diluted in TBS. After 
the membranes were blocked at 37˚C for 1 h, they were incu‑
bated at 4˚C for 12 h with the following primary antibodies: 
Anti‑CNN3 (dilution, 1:1,000; cat. no. ab93593), anti‑PI3K p85 
α (dilution, 1:1,000; cat. no. ab191606), anti‑phosphorylated 
AKT1 (p‑AKT1 Ser473) (dilution, 1:5,000; cat. no. ab81283), 
anti‑AKT1 (dilution, 1:1,000; cat.  no.  ab233755) and 
anti‑GAPDH (dilution, 1:3,000; cat. no. ab181602) (all from 
Abcam). Subsequently, the membranes were incubated with 
HRP‑conjugated secondary antibodies (both at dilution, 
1:10,000) (cat. nos. ab205718 and ab6708) (both from Abcam) 
at 25˚C for 40 min. Finally, an enhanced chemiluminescence 
detection kit (Nanjing KeyGen Biotech Co., Ltd.) was used for 
visualization of the target proteins, and the ECL signal was 
exposed to X‑rays. Densitometry of the bands was measured 
with ImageJ software (v6; National Institutes of Health). The 
experiment was repeated twice.

Statistical analysis. Statistical analysis was performed using 
SPSS 19.0 statistical software (IBM Corp.). Data are presented 
as the mean ± standard deviation. The diagnostic value of 
CNN3 was determined using receiver operating characteristic 
(ROC) curve analysis, and then the cutoff value, sensitivity 
and specificity were calculated according to the Youden index. 
Survival curves were plotted using the Kaplan‑Meier method 
and compared using the log‑rank test. Differences between two 
groups were analyzed using an unpaired t‑test. However, the 
differences in the CNN3 expression level between LUAD and 
normal paired adjacent lung tissues in the GSE2514 dataset 
were analyzed using a paired t‑test. Differences in the CNN3 
expression levels among the NSCLC and BEAS‑2B cell lines 
were analyzed using one‑way ANOVA followed by Dunnett's 
post hoc multiple comparison test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Association between CNN3 expression and prognosis in 
patients with NSCLC. The analyses using the bioinformatics 
tools GEO and GEPIA2 revealed that the expression levels 
of CNN3 were significantly downregulated in both LUAD 
and LUSC tissues compared with in normal lung tissues 
(Fig. 1A and B, respectively). Additionally, the diagnostic 
value of CNN3 was determined using ROC curve analysis. 
The area under the curve values for CNN3 were 0.824 and 
0.596 for LUAD according to the GSE2514 and GSE10072 
datasets, respectively (Fig. S1A), whereas they were 0.830 for 
LUSC and 0.819 for LUAD according to data from TCGA 
and the GTEx project database (Fig. S1A). Therefore, except 
for the GSE10072 dataset, CNN3 was determined to have 
a high diagnostic value based on data from the GSE2514 
dataset and the LUAD and LUSC data from TCGA and the 
GTEx database. The Kaplan‑Meier plotter tool was used to 
investigate the prognostic potential of CNN3 in NSCLC and 
the results revealed that low CNN3 expression was associated 
with a shorter survival time for LUAD, while it exhibited no 
association for patients with LUSC (Fig. 1C). However, CNN3 
expression was not associated with the survival rate of patients 
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with LUAD and LUSC according to GEPIA2 (Fig. 1D). In 
addition, CNN3 expression was also not associated with the 
prognosis of patients according to data from GEO (GSE72094, 
GSE41271 and GSE31210 datasets; Fig. S1B).

CNN3 expression is downregulated in NSCLC cell lines. 
The mRNA and protein expression levels of CNN3 in 
NSCLC cells were assessed by RT‑qPCR and western blot‑
ting, respectively. The results demonstrated that both the 
mRNA and protein expression levels of CNN3 were notably 

downregulated in the A549 and SK‑MES‑1 cells compared 
with in BEAS‑2B cells (Fig.  2A  and  B). Additionally, 
CNN3 mRNA expression was significantly downregulated 
in NCI‑H1975, PC9 and NCI‑H520 cells compared with in 
BEAS‑2B cells (Fig. S2).

CNN3 was successfully overexpressed in NSCLC cell lines. 
The expression levels of CNN3 in A549 and SK‑MES‑1 cells, 
which were transfected with the CNN3‑OV or NC recombi‑
nant plasmids for 48 h, were measured using RT‑qPCR and 

Figure 2. CNN3 expression in the A549 and SK‑MES‑1 cell lines was lower than that in BEAS‑2B normal epithelial cells. (A) mRNA and (B) protein expres‑
sion levels of CNN3 were examined by reverse transcription‑quantitative PCR and western blotting, respectively. ***P<0.001. CNN3, calponin 3.

Figure 1. Association between CNN3 expression and the prognosis of patients with NSCLC. (A) CNN3 expression in LUAD and normal lung tissues was 
assessed using the GSE2514 and GSE10072 datasets from the Gene Expression Omnibus database. Normal lung tissues in GSE2514 dataset were paired 
adjacent tissues and in the GSE10072 dataset obtained from different individuals. (B) Expression levels of CNN3 in LUAD and LUSC tumor tissues and 
normal lung tissues (obtained from different individuals) were assessed using the bioinformatics tool GEPIA2. (C) Prognostic potential of CNN3 expression in 
NSCLC was evaluated using the Kaplan‑Meier plotter. To analyze the prognostic value of CNN3 in LUAD, the follow‑up period was restricted to 150 months 
to exclude the late crossover event when using Kaplan‑Meier plotter analysis. (D) Prognostic potential of CNN3 expression in NSCLC was evaluated using 
GEPIA2. *P<0.05. CNN3, calponin 3; GEPIA2, Gene Expression Profiling Interactive Analysis 2; HR, hazard ratio; LUAD, lung adenocarcinoma; LUSC, lung 
squamous cell carcinoma; NSCLC, non‑small cell lung cancer; TPM, transcripts per million.
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western blotting. In both cell lines, CNN3 mRNA and protein 
expression was notably higher in the CNN3‑OV group than in 
the NC group (Fig. 3A and B).

CNN3 overexpression suppresses NSCLC cell proliferation 
and promotes apoptosis. To investigate the role of CNN3 in 
the pathogenesis of NSCLC, the present study analyzed the 
effects of its overexpression on proliferation, the cell cycle 
and apoptosis in both A549 and SK‑MES‑1 cells. As shown in 
Fig. 4A and B, in both cell lines, the OD490 nm value was signifi‑
cantly lower in the CNN3‑OV group than in the NC group 
after culture for 48 and 72 h. Additionally, compared with that 
in the NC group, the percentage of cells in the G1 phase was 
higher, whereas that in the S phase was lower, in the CNN3‑OV 
group (Fig. 4C). Furthermore, compared with that in the NC 
group the number of apoptotic cells in the CNN3‑OV group 
was also high: 3.60 to 21.23% and 6.07 to 13.80% for the A549 
and SK‑MES‑1 cell lines, respectively (Fig. 4D). These results 
indicated that CNN3 overexpression could suppress prolifera‑
tion, induce G1‑phase arrest and promote apoptosis in NSCLC 
cells. Additionally, CNN3 mRNA and protein expression level 
was notably higher in the CNN3‑OV group compared with 
that in the NC group in both the NCI‑H1975 and NCI‑H520 
cell lines (Fig.  S3A  and  B). In both the NCI‑H1975 and 
NCI‑H520 cell lines, cell proliferation was significantly lower 
in the CNN3‑OV group than in the NC group after culture for 
24, 48 and 72 h (Fig. S3C and D).

CNN3 overexpression suppresses NSCLC cell migration 
and invasion. Next, the cell morphology was not markedly 
altered between the NC and CNN3‑OV groups according 
to the results of light microscope and Transwell analysis 
(Fig. 5A and B). To investigate the effect of CNN3 overex‑
pression on cell migration and invasion, Transwell migration 
and invasion assays were performed using the transfected 
A549 and SK‑MES‑1 cells. In both NSCLC cell lines, the 
CNN3‑OV group had a lower number of migratory and 
invasive cells than the NC group (Fig. 5B). The inhibitory 
effect of CNN3 overexpression on A549 and SK‑MES‑1 cell 
migration was 33.00 and 36.58%, respectively. The inhibitory 
effect of CNN3 overexpression on A549 and SK‑MES‑1 cell 
invasion was 39.28 and 41.52%, respectively. These results 
suggested that CNN3 overexpression could suppress NSCLC 
cell migration and invasion. 

CNN3 overexpression suppresses the PI3K/AKT signaling 
pathway in NSCLC cells. Western blot results revealed that 
the levels of PI3K p85 α and the ratio of p‑AKT1/AKT1 were 
lower in the CNN3‑OV group than in the NC group (Fig. 6). 
This suggested that CNN3 overexpression could suppress the 
PI3K/AKT signaling pathway in NSCLC cells.

Discussion

In the present study, bioinformatics analysis revealed that 
CNN3 expression was significantly downregulated in both 
LUAD and LUSC tissues compared with its expression in 
normal lung tissue, suggesting that CNN3 dysregulation may 
serve a key regulatory role in the pathogenesis of NSCLC. 
Therefore, the present study verified this hypothesis by investi‑
gating the effect of CNN3 overexpression on cell proliferation, 
migration, invasion and apoptosis, and the cell cycle distribu‑
tion of A549 and SK‑MES‑1 NSCLC cell lines.

The present study revealed that CNN3 expression was 
significantly downregulated in both LUAD and LUSC tissues. 
However, the identified profile of downregulated CNN3 expres‑
sion in NSCLC tissues was inconsistent with the expression 
profile in osteosarcoma and cervical cancer tissues (18,21), 
which suggests that CNN3 may serve different roles in different 
types of cancer. Additionally, CNN3 expression had a high 
diagnostic value based on the GSE2514 dataset and the LUAD 
and LUSC data from TCGA and the GTEx database, whereas 
it had a low diagnostic value when based on the GSE10072 
dataset. Furthermore, CNN3 expression was associated with 
overall survival rate in patients with LUAD, while it was not 
associated with overall survival rate in patients with LUSC 
according to the Kaplan‑Meier plotter results. According 
to the data from TCGA, and the GSE72094, GSE41271 and 
GSE31210 datasets, CNN3 expression was not associated with 
the prognosis of patients with LUAD and LUSC. These results 
implied that CNN3 could not act as prognostic marker for 
monitoring patients with NSCLC, specifically for improving 
prognostic assessment in LUSC. The aforementioned results 
indicated that whether CNN3 can be used as a marker for 
diagnosis and prognosis of NSCLC requires further collection 
of NSCLC specimens for research.

The present study also demonstrated that the overexpression 
of CNN3 suppressed proliferation, migration and invasion in 
NSCLC cells. These in vitro results indicated that CNN3 may 

Figure 3. CNN3 mRNA and protein expression in A549 and SK‑MES‑1 cells transfected with the CNN3 overexpression recombinant plasmid (CNN3‑OV) 
or NC. (A) CNN3 mRNA expression was measured by reverse transcription‑quantitative PCR. ***P<0.001. (B) CNN3 protein expression was examined by 
western blotting. CNN3, calponin 3; NC, empty vector pcDNA 3.1.
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serve a tumor‑suppressive role in NSCLC. Although signifi‑
cant apoptosis occurred in the CNN3‑overexpressing cells, the 
inhibitory effect of CNN3 overexpression on cell migration 
and invasion was greater than its effect on cell apoptosis. The 
results of the in vitro cell function assay in the present study 
were also supported by the present findings that patients with 
LUAD in the high CNN3 expression group had a longer survival 
time than those in the low CNN3 expression group, according 
to Kaplan‑Meier plotter results. CNN3 has been reported to 

serve a tumor‑promoting role in osteosarcoma, gastric cancer 
and colon cancer (19,21,30). Actin cytoskeleton reorganization 
promotes cancer metastasis (31). CNN3 is one of the actin 
filament‑associated proteins and functions to reorganize the 
actin cytoskeleton (14), suggesting that CNN3 may enhance 
the metastasis of cancer cells by promoting actin cytoskeleton 
reorganization in osteosarcoma, gastric cancer and colon 
cancer. However, no studies have demonstrated that there is an 
association between the effect of CNN3 on cell proliferation 

Figure 4. CNN3 overexpression suppresses cell proliferation and promotes apoptosis. A549 and SK‑MES‑1 cells were transfected with the CNN3 overexpres‑
sion recombinant plasmid (CNN3‑OV) or NC, and were referred to as NC and CNN3‑OV, respectively. Effects of CNN3 overexpression on (A) A549 and 
(B) SK‑MES‑1 cell proliferation were measured using an MTS assay. *P<0.05, **P<0.01 and ***P<0.001. The effects of CNN3 overexpression on (C) the cell 
cycle and (D) apoptosis were assessed by flow cytometry. *P<0.05. CNN3, calponin 3; NC, empty vector pcDNA 3.1; OD, optical density.
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and migration and the changes in cell morphology. The present 
study revealed that CNN3 expression was lower in LUSC and 
LUAD tissues and cell lines, and CNN3 overexpression had 

no effect on the cell morphology, suggesting that CNN3 did 
not affect the proliferation and metastasis of cancer cells by 
promoting actin cytoskeleton reorganization. These results 

Figure 6. CNN3 overexpression inactivates the PI3K/AKT signaling pathway. A549 and SK‑MES‑1 cells were transfected with NC or the CNN3 overexpres‑
sion recombinant plasmid (CNN3‑OV), and were referred to as NC and CNN3‑OV, respectively. The levels of PI3K p85 α, p‑AKT1 and AKT1 were examined 
by western blotting. ***P<0.001. CNN3, calponin 3; NC, empty vector pcDNA 3.1; p‑, phosphorylated.

Figure 5. CNN3 overexpression suppresses cell migration and invasion but does not affect the cell morphology. A549 and SK‑MES‑1 cells were transfected 
with the CNN3 overexpression recombinant plasmid (CNN3‑OV) or NC, and were referred to as NC and CNN3‑OV, respectively. (A) Morphology images of 
the cells were captured under a light microscope. (B) Effects of CNN3 overexpression on cell migration and invasion were assessed using Transwell assays. 
Magnification, x100. ***P<0.001. CNN3, calponin 3; NC, empty vector pcDNA 3.1.
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further support the hypothesis that CNN3 may serve different 
roles in different cancer types.

To investigate the regulatory mechanism underlying the 
tumor‑suppressive role of CNN3 in NSCLC, the present 
study investigated the effect of CNN3 overexpression on the 
PI3K/AKT signaling pathway, the abnormal activation of 
which is known to be involved in numerous human diseases, 
including tumorigenesis (32‑34). It was revealed that the over‑
expression of CNN3 decreased the levels of PI3K p85 α and the 
ratio of p‑AKT1/AKT1 in A549 and SK‑MES‑1 cells. Human 
PI3K comprises a 110 kDa catalytic subunit and a 85 kDa 
regulatory subunit, the latter of which is PI3K p85 α, also 
known as phosphoinositide 3‑kinase regulatory subunit 1 (35). 
A total of 3 AKT isomers (AKT1, AKT2 and AKT3) mediate 
numerous downstream signaling pathways regulated by 
PI3K, which phosphorylates AKT at Ser473  (36,37). PI3K 
overexpression mediates downstream AKT phosphorylation, 
while not affecting the expression of total Akt protein (36,37). 
Therefore, the present results demonstrated that the overex‑
pression of CNN3 could inactivate the PI3K/AKT signaling 
pathway. The activation of this signaling pathway promotes the 
growth and metastasis of a number of cancer types, including 
NSCLC (34,38). Given that CNN3 had suppressive effects 
on NSCLC cell proliferation, migration and invasion, it was 
hypothesized that the effects of this actin filament‑associated 
protein in NSCLC cells may be mediated through its inhibition 
of the PI3K/AKT signaling pathway. To the best of our knowl‑
edge, the present study was the first to report that CNN3 is 
involved in the regulation of this important signaling pathway.

The present study had certain limitations. First, the 
diagnostic and prognostic functions of CNN3 were analyzed 
using GEO and TCGA data, leading to differences in results. 
Therefore, a large number of NSCLC tissues should be 
collected and follow‑up analyses should be conducted to verify 
the possibility of its use as a prognostic and diagnostic marker 
for patients with NSCLC in China or worldwide. Additionally, 
the effect of CNN3 overexpression on the proliferation and 
metastasis of NSCLC cells still needs to be verified in in vivo 
experiments. Finally, the present study only examined the 
effect of CNN3 overexpression on the PI3K/AKT signaling 
pathway, and whether it can affect other signaling pathways has 
not been studied. Therefore, further experiments are required 
to analyze the role of CNN3 in the diagnosis and prognosis of 
NSCLC and the regulatory mechanism of CNN3 in the growth 
and metastasis of NSCLC.

In conclusion, the results revealed that CNN3 had a 
downregulated expression profile in NSCLC tissues and cells. 
CNN3 overexpression suppressed NSCLC cell proliferation, 
migration and invasion in vitro. Therefore, CNN3 may be a 
potential therapeutic target for NSCLC. However, whether 
CNN3 can be used as a diagnostic and prognostic marker 
remains to be studied further.
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