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Proliferation, apoptosis and invasion of human
lung cancer cells are associated with NFATc1
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Abstract. The expression of nuclear factor of activated
T cells cl (NFATcl) is closely associated with the progres-
sion of numerous types of cancer. When NFATc] expression
becomes dysregulated in some types of cancer, this alteration
can promote malignant transformation and thereby progres-
sion of cancer. NFATc] expression has been demonstrated to
be upregulated in lung cancer cells. This suggests that knock-
down of NFATcl in lung cancer cells may be a therapeutic
marker for the treatment of cancer. In the present study, the
effects of NFATcl on the proliferation, apoptosis, invasion
and migration of NCI-H1299 and A549 lung cancer cell lines
were explored. Lentivirus infection was used to establish a
cell model of NFATcl knockdown in A549 and NCI-H1299
lung cancer cells. Reverse transcription-quantitative PCR
was subsequently performed to detect NFATcl expression in
these human lung cancer cells. MTT, wound healing, colony
formation and Transwell invasion assays, and flow cytometry
were then performed to measure the proliferation, invasion,
apoptosis and cell cycle of the cells. Finally, western blot
analysis was performed to investigate the mechanism under-
lying the involvement of NFATcI in these processes. NFATcl
knockdown was found to significantly inhibit the prolif-
eration, clone formation, migration and invasion of the cells.
Furthermore, the cell cycle was arrested at the G, phase and
the expression levels of the target proteins located downstream
in the signaling pathway, namely CDK4, c-Myc, ERK, p38 and
N-cadherin, were decreased. Following NFATcl knockdown,
the percentages of apoptotic cells were increased, and the
expression levels of Bax, cleaved caspase-3 and E-cadherin
were also increased. Taken together, the results of the present
study suggested that NFATcl serves an oncogenic role in
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lung cancer. In terms of the underlying mechanism, NFATcl
promoted the proliferation of lung cancer cells by inhibiting
the MAPK and epithelial-to-mesenchymal transition signaling
pathways, suggesting that NFATcl may be a novel target for
therapeutic intervention for the treatment of lung cancer.

Introduction

Lung cancer is one of the most commonly occurring malig-
nancies in China and the world (1). The early symptoms of
lung cancer, of which extensive-stage small cell lung cancer
is one of the subtypes, include hemoptysis or paraneoplastic
syndromes (2). Lung cancer has one of the highest mortality
rates among malignant tumors (3). When patients present
with symptoms in the respiratory tract or with recognized
tumor-associated image symptoms, this indicates that the lung
cancer has already entered into the advanced stages or that it
has metastasized (4). Under these circumstances, the survival
rate of patients is <65%, with a poor prognosis (5,6). Therefore,
further studies on the early stages of lung tumors are in high
demand. Specifically, detection of early-stage biomarkers and
characterization of prognostic markers would provide a theo-
retical basis for the diagnosis and treatment of lung cancer.
Nuclear factor of activated T cells (NFAT) cl is a common
cell transcription factor (7). As a member of the NFAT family,
NFATcl expression has been found to be upregulated in number
of solid tumors and hematological malignancies in humans (8).
It is has also been reported to be of functional importance
in a diverse array of functions, including tumor cell differ-
entiation, cell proliferation, apoptosis, invasion, migration
and angiogenesis, whilst also enabling tumor cells to escape
from detection by the immune system (9-12). Specifically,
NFATcl has been demonstrated to promote cell invasion and
tumor metastasis in breast, colon and ovarian cancer (13,14).
In addition, NFATcl has been found to be highly expressed
in pancreatic cancer tissues and cell lines, where the interac-
tion between NFATcl and STAT3 promoted the severity of
malignancy (15). In ovarian cancer cells, NFATcl has been
reported to promote both proliferation and tumorigenesis by
activating the ERK/p38 MAPK signaling pathway (16). A
number of studies have provided evidence that NFATcl may
serve an important role in tumorigenesis (8,14,16). However,
to the best of our knowledge, the functional role of NFATc] in
the development and progression of lung cancer remain to be
fully elucidated. Therefore, the aim of the present study was to
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determine whether NFATc1 has a role in regulating the prolif-
eration, invasion, migration and apoptosis of lung cancer cells
in vitro. Another aim of the present study was to elucidate the
underlying mechanism through which NFATcl may exert its
regulatory function, specifically which cell signaling pathways
are involved.

Materials and methods

Acquisition of human specimens. All human specimens were
obtained from the Department of Thoracic Surgery of the
Harbin Medical University Cancer Hospital (Harbin, China)
from August 2016 and July 2018. A total of 30 samples from
patients with lung cancer were collected, all of which were
verified using pathology. Inclusion criteria were as follows:
i) All patients with lung cancer were diagnosed based on
pathological confirmation; ii) the patients' own conditions
allowed surgical treatment; and iii) all subjects were informed
about the clinical study and signed an informed consent
form. Exclusion criteria were as follows: i) Combination
of other types of malignant tumors; ii) combination of
severe cardiac, pulmonary, hepatic and renal impairment;
iii) Combination of various types of hematological diseases;
iv) systemic inflammatory diseases such as infections and
autoimmune diseases; and v) history of surgery within the
last 3 months. There were 21 males and 9 females, and the
average age of patients were 45.52+12.76 (range, 24-67 years
old). The lung cancer tissues and adjacent non-cancerous
tissues (=2 cm from the tumor) were obtained during surgery
for the immunohistochemical and western blot analysis.
The patients and their families consented to participate and
provided written informed consent for use. All participants
provided the relevant informed consent forms, and the study
protocol (approval no. KY2021-33) was approved by the
Medical Ethics Committee of the Harbin Medical University
Cancer Hospital.

Immunohistochemical staining. The tissues were fixed in
4% PFA for >24 h, and embedded in paraffin after gradient
dehydration within 1 week, 70% alcohol 1 h, 80% alcohol
1 h,90% alcohol 1 h, 95% alcohol 1 h twice, absolute ethanol
30 min twice, xylene 30 min twice, paraffin 1 h twice. The
tissues were cut into 4-pm sections. The slides were dewaxed
to water through xylene for 20 min twice, absolute ethanol for
10 min twice, 95% alcohol for 5 min, 90% alcohol for 5 min,
80% alcohol for 5 min and 70% alcohol for 5 min and distilled
water for washing. EDTA antigen repair buffer (pH 9.0)
was used to repair the antigen in the microwave oven. Use a
histochemical pen to draw a circle around the tissues, drop
hydrogen peroxide into the circle to cover the tissues incubate
for 20 min at room temperature in dark, wash the slides with
PBS thrice. Incubated with 3% BSA at room temperature for
30 min, then incubated with primary antibodies NFAT2 (1:100;
cat. no. ab2796; Abcam) overnight at 4°C, washed with PBS
thrice. Followed by peroxidase-conjugated secondary anti-
body (HRP-goat anti-mouse; 1:200; cat. no. AS1106; Wuhan
Aspen Biotechnology, Co., Ltd.) for 1 h at room temperature,
washed with PBS for 3 times. Then the tissue sections were
stained with diaminobenzidine for 5 min, washed with water,
and counterstained with hematoxylin for 3 min, all at room

temperature. A light microscope (Olympus Corporation) was
used to capture images of the representative areas.

Cell culture. The H1975 human non-small cell lung cancer cell
line (cat. no. CRL-5908™), the A549 human lung carcinoma
cell line (cat. no. CRM-CCL-185™), the NCI-H1299 human
non-small cell lung cancer cell line (cat. no. CRL-5803™")
and 293T cell (cat. no. CRL-3216™) were obtained from
American Type Culture Collection. The cells were cultured
as monolayers in RPMI-1640 or DMEM (Gibco; Thermo
Fisher Scientific, Inc.) medium including 10% FBS (Gibco;
Thermo Fisher Scientific, Inc.), with 100 zxg/ml streptomycin
and 100 U/ml penicillin (Thermo Fisher Scientific, Inc.). The
cells were cultured at 37°C in a humidified atmosphere of 95%
air and 5% CO,.

RNA isolation and reverse transcription-quantitative
PCR (RT-gPCR). Total RNA was extracted from the A549
and NCI-H1299 cells using Invitrogen® TRIzol™ (cat.
no. 15596018; Thermo Fisher Scientific, Inc.). cDNA synthesis
and amplification were subsequently performed using a
Fermentas® RevertAid™ First Strand cDNA Synthesis Kit (cat
no. K16215; Thermo Fisher Scientific, Inc.) in accordance with
the manufacturer's protocols. FastStart™ Universal SYBR®
Green (cat no. 4913914001; Roche Diagnostics) was used for
gPCR analysis, and the reactions were performed according
to a two-step method, with the following thermocycling condi-
tions: 50°C for 2 min and 95°C for 10 min; followed 40 cycles
of 95°C for 10 sec and 60°C for 30 sec. Primers for gPCR
were designed as follows: NFATcl forward, 5-CCATGAAGT
CAGCGGAGGAA-3' and reverse, 5-GAGGTCTGAAGGT
TGTGGCA-3'; and GAPDH forward, 5-GAAGGTGAAGGT
CGGAGTCA-3 and reverse, 5S"TTGAGGTCAATGAAGGGG
TC-3'. GAPDH was used as an internal control and the relative
expression levels of the target gene were calculated using the
2-48¢4 method (17).

Short hairpin RNA (shRNA/sh) knockdown. A lentivirus
system was used to knock down NFATcl expression. The
plvx-shRNAs [short hairpin negative control (shCtrl) and
plvx-shNFATcl] were obtained from Shanghai Jikai Gene
Chemical Technology Co., Ltd. The target sequences of
shNFATc1 and shCtrl used in the present study were as follows:
shNFATcl, 5-GAATCCTGAAACTCAGAAA-3'; and shCtrl,
5'"TTCTCCGAACGTGTCACGT-3". The plasmid backbone
used was GV493 which proved by Shanghai Jikai Gene
Chemical Technology Co., Ltd. The lentivirus system used
was the 3rd system, which included three packaging vectors
(Rev, VSV-G and RRE) and one Lenti-X plasmid, carrying
the target sequence and the control sequence. The 293T cell
line was selected for optimizing lentivirus production. In the
experiment, the packing vector (Rev, VSV-G and RRE) and
the core plvx-shRNA were packaged with lentivirus in a ratio
of 1:2:4:8. Lentiviral particles were collected by filtering with
0.45 pum then using centrifugation at 1,000 x g for 5 min at
room temperature. Subsequently, the viruses were used to
infect the target A549 (MOI=10) and NCI-H1299 (MOI=5)
cells at the ratio of 1:1 for >16 h. The lentiviral transfection
efficiency was assessed after 72 h to confirm that the target
gene had been knocked down by RT-qPCR. Then 1 pg/ml
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puromycin was used for selection, and 0.5 pg/ml puromycin
was used for maintenance. Time interval between transduction
and subsequent experimentation was one week.

Cell proliferation assay. An MTT assay was used to observe
and compare the proliferation of the cells. A total of 2x10°
A549 and NCI-H1299 cells were plated into 96-well plates.
Then the cell proliferation was assessed. Cells were incubated
for 4 h in 20 ul 5 mg/ml MTT at 37°C. The color was then
developed by incubating the cells in 100 x1 DMSO for 2-3 min,
and the absorbance was detected at a wavelength of 490 nm
using a microplate reader. Repeat measurements were taken
for 5 consecutive days. The results were obtained from three
independently performed experiments and calculated.

Wound healing assay. A549 and NCI-H1299 cells in which
NFATcl expression was knocked down were used for the
wound healing experiments. After incubation for 48 h at 37°C,
the cells were treated with 0.25% trypsin, counted and plated
at a density of 5x10° cells/ml in six-well plates. The cells were
then incubated overnight at 37°C, yielding 100% confluent
monolayers for wounding. Wounds were created using a
10 pl pipette tip and images were captured immediately and
at 24 h after wounding at 37°C, the cells were cultured in
RPMI-1640 medium with 0.5% FBS. Images were captured
using a fluorescence microscope (Olympus Corporation), and
cell area was analyzed at O and 24 h to calculate the migration
rate (%). The plasmid backbone used had a green fluorescence,
so images were captured using a fluorescence microscope at
the same point. Experiments were performed in triplicate, and
each experiment was repeated three times.

Colony formation assay. A549 and NCI-H1299 cells in which
NFATcl expression was knocked down. After incubation for
48 h at 37°C, the cells were trypsinized with 0.25% trypsin,
resuspended in the medium and counted. The cells were then
re-seeded (1,000 cells per well) and incubated for a further
2 weeks at 37°C. When the colonies became visible to the
naked eye, the medium was removed from the dishes and the
plates were washed once with PBS. Cell immobilization with
4% paraformaldehyde for 10 min at room temperature.

Colonies were then stained with 0.1% (w/v) crystal violet
for 6 min at room temperature on a rocking platform. The
dishes were subsequently rinsed three times with PBS and
air-dried. Images were captured using a camera, and the
number of colonies were analyzed using Image J software
(National Institutes of Health).

Cell migration and invasion assays. Transwell assays (Corning,
Inc.) were used to measure the migration and invasion of the
cells. Lentivirus-transfected A549 and NCI-H1299 cells were
cultured for 48 h at 37°C. Before seeding, the Transwell cham-
bers of 24-well plates with 8 ym aperture were soaked with
PBS for 5 min (the invasion assay experiments required one
more step: 80 xl Matrigel™ was placed in the small chambers,
which were incubated in an incubator at 37°C for 30 min).
A total of 10° cells resuspended in RPMI-1640 with no FBS
were inoculated into the Transwell chambers of the 24-well
plates. A total of 0.7 ml RPMI-1640 medium containing 10%
FBS was added to the lower chamber of the 24-well plate, and

the plate was incubated at 37°C for 48 h. Subsequently, a 4%
formaldehyde solution (1 ml/well) was added to fix the cells in
the wells for 10 min at room temperature, after which time the
adhering cells were removed, followed by washing once with
PBS. Subsequently, the cells were stained with 0.1% crystal
violet (1 ml/well) for 6 min at room temperature, washed three
times with PBS and dried. Images were captured using a light
microscope (Olympus Corporation), four fields of view were
imaged per chamber, and the number of migrating or invading
cells were analyzed using Image J software.

Cell cycle and apoptosis. Flow cytometric analysis was
performed to assess the effects of NFATcl on cell cycle
progression and apoptosis in A549 and NCI-H1299 cells. For
cell cycle analysis, after incubation for 48 h at 37°C, 3x10° cells
(per group) were washed once with PBS and then fixed in
70% ethanol overnight at -20°C, prior to being stained with
propidium iodide buffer (50 mg/ml) in dark on ice for 30 min.
The numbers of cells were detected by flow cytometry (BD
Accuri™ C6 Plus; BD Biosciences) and analyzed using Cell
Quest software (version 5.1; BD Biosciences).

For the detection of apoptosis, after incubation for 48 h
at 37°C, 1x10° cells were washed with PBS and then once in
1X binding buffer. A total of 5 ul allophycocyanin-conjugated
Annexin V (cat. no. 88-8007-74; Invitrogen; Thermo Fisher
Scientific, Inc.) was added to the cells and incubated for 15 min
at room temperature, after washing and resuspension in 1X
binding buffer. The numbers of apoptotic cells were detected
by flow cytometry (BD Accuri™ C6 Plus; BD Biosciences)
and analyzed using Cell Quest software (version 5.1;
BD Biosciences).

Western blot analysis. Lentivirus-transfected A549 and
NCI-H1299 cells were harvested using RIPA lysis buffer (cat.
no. PO013B; Beyotime Institute of Biotechnology) supple-
mented with protease and phosphatase inhibitors. The cell
lysates were incubated on ice for 30 min to allow for complete
homogenization to take place. After having centrifuged the
lysates at 12,000 x g at 4°C for 10 min, the proteins in the
supernatant were collected and quantified using a BCA protein
kit (cat. no. POO10S; Beyotime Institute of Biotechnology).
A total of 50-100 ug protein were separated by 10 or 15%
SDS-PAGE and then transferred onto PVDF microporous
membranes. The blots were blocked in 5% skimmed milk for
1 h at room temperature, followed by incubation with primary
antibodies against ERK (cat. no. 9107; 1:2,000; Cell Signaling
Technology, Inc.), E-cadherin (cat. no. 14472; 1:500; Cell
Signaling Technology, Inc.), phosphorylated (p)-ERK (cat.
no. 4376; 1:1,000; Cell Signaling Technology, Inc.), N-cadherin
(cat. no. ab18203; 1:500; Abcam), Bax (cat. no. ab32503;
1:2,000; Abcam), p38 (cat. no. 8690; 1:3,000; Cell Signaling
Technology, Inc.), cleaved caspase-3 (cat. no. 9664; 1:500;
Cell Signaling Technology, Inc.), p-p38 (cat. no. 4631; 1:500;
Cell Signaling Technology, Inc.), c-Myc (cat. no. ab32072;
1:1,000; Abcam), CDK4 (cat. no. ab137675; 1:1,000; Abcam),
NFAT?2 (cat. no. ab2796; 1:1,000; Abcam) and GAPDH (cat.
no. ab37168; 1:5,000; Abcam) at 4°C with gentle shaking over-
night. The next day, after washing the membranes five or six
times (5-10 min per wash) with TBS-T (0.05% Tween-20), the
blots were incubated with the corresponding HRP-conjugated
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Figure 1. NFATcl expression in tissues and construction NFATcl knockdown cells. (A) Immunohistochemical staining and (B) western blot analysis were
used to detect NFATcl expression in NT and LCT. (C) The relative mRNA and protein expression levels of NFATcl in H1975, A549 and NCI-H1299 cells
were quantified by RT-qPCR (the bar chart) and western blot analysis (the image). The cell lines transfected with lentivirus containing shCtrl or shNFATcl.
(D) mRNA and (E) protein expression levels of NFATcl in A549 and NCI-H1299 cells were quantified by RT-qPCR and western blot analysis, respectively.
GAPDH was used as the internal control. "P<0.05, “P<0.01 and ““P<0.001 vs. NCI-H1299 or shCtrl; “*“P<0.0001 vs. NT. Ctrl, control; LCT, lung cancer tissue;
NFATcl, nuclear factor of activated T cells cl; NT, normal tissue; RT-qPCR, reverse transcription-quantitative PCR; sh, short hairpin RNA.

secondary antibodies (HRP-Goat anti Rabbit; cat. no. AS1107,
1:10,000; Wuhan Aspen Biotechnology, Co., Ltd.; HRP-Goat
anti Mouse; cat. no. AS1106; 1:10,000; Wuhan Aspen
Biotechnology, Co., Ltd.) at room temperature for 1 h. After
washing again and incubating the membranes with BeyoECL
Plus (cat. no. POO18S, Beyotime Institute of Biotechnology),
the blots were visualized using an ECL imaging system, and
the relative protein levels were calculated using ImageLab
software (version 5.2.1; Bio-Rad Laboratories, Inc.). The levels
of the protein of interest were normalized against those of
GAPDH.

Statistical analysis. The data were analyzed using SPSS
22.0 software (IBM Corp.). All experiments were repeated
at least three times. The measured data are presented as the
mean * standard deviation. Comparisons of three groups
of samples were made using one-way ANOVA followed by
Dunnett's test, whereas comparisons of two groups of samples
were analyzed using an unpaired Student's t test. The MTT
results were analyzed by two-way ANOVA followed by Sidak's
multiple comparisons test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Downregulation of NFATcl expression in lung cancer
cells by lentivirus infection. First, the expression levels of
the transcription factor NFATcl in the Cancer and adjacent
tissues of lung cancer were examined. The results of both
immunohistochemistry (Fig. 1A) and western blot analysis
(Fig. 1B) demonstrated that NFATcl expression was markedly
increased in the lung cancer tissues compared with in normal
lung tissues. Subsequent experiments revealed that NFATcl
expression was upregulated in A549 and NCI-H1299 cells
compared with H1975 cells, but the difference between A549
and H1975 cells was not significant (Fig. 1C). The present
study aimed to elucidate the mechanistic role of NFATcl
in lung cancer. Therefore, NFATcl expression was knocked
down to explore its function of the gene. The two high
NFATcl-expressing cell lines (A549 and NCI-H1299) were
selected for the subsequent experiments. Compared with
those in the shCtrl group, the mRNA (Fig. 1D) and protein
(Fig. 1E) expression levels of NFATcl in both the A549 and
NCI-H1299 cell lines were significantly decreased following
lentivirus infection. After verifying the efficiency of NFATcl
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Figure 2. Knockdown of NFATcl inhibits the proliferation and colony formation of A549 and NCI-H1299 cells. (A) MTT and (B) wound healing assays
(magnification, x100) were performed to assess the proliferation rates in the shCtrl and shNFATc1 groups of both cell lines. (C) Colony formation assays were
performed in the shNFATcl and shCtrl groups of both cell lines. ““P<0.001 vs. shCtrl. Ctrl, control; NFATcl, nuclear factor of activated T cells cl; sh, short

hairpin RNA; OD, optical density.

knockdown, this shNFATcl-encoding lentivirus was used for
the subsequent experiments.

Knockdown of NFATcl inhibits the proliferation and colony
formation of lung cancer cells. After NFATcl knockdown,
the proliferation of the lung cancer cells was investigated.
In these experiments, cell viability was recorded for once
per day for 5 days. Over the course of the first 3 days, differ-
ences in cell viability were not readily detectable. However,
after 3 days, the differences could be observed more easily.
When compared with that in the shCtrl group, NFATcl
knockdown caused significant inhibition of the proliferation
of A549 (from the third day) and NCI-H1299 cells (from the
second day) (Fig. 2A). Subsequently, wound healing experi-
ments were performed. The gap was found to be wider in the
shNFATcl1 group compared with in the shCtrl group, irrespec-
tive of whether A549 or NCI-H1299 cells were used (Fig. 2B).
Similarly, the cell colony numbers in the sSANFATcl group
were significantly lower compared with those in the shCtrl
group for both cell lines (Fig. 2C).

Knockdown of NFATcl inhibits cell migration and invasion
of lung cancer cells. Transwell migration and invasion assays
were subsequently used to assess the effect of NFATcl on
cell migration and invasion. The number of migrated cells in
the shNFATcl group was found to be significantly decreased
compared with that in the shCtrl group (Fig. 3A). Furthermore,
to assess the invasive capability of the cells, these Transwell
experiments were repeated after Matrigel coating. The number
of invasive cells in the shNFATcl group was likewise found to
be significantly lower compared with that in the shCtrl group
(Fig. 3B).

Knockdown of NFATcl promote apoptosis and inhibits the cell
cycle progression in lung cancer cells. The effect of NFATcl
on apoptosis in lung cancer cells was explored. The number of
apoptotic cells was significantly increased following NFATcl
knockdown compared with in the shCtrl group (Fig. 4A).
Changes in the cell cycle were subsequently investigated.
NFATcl knockdown resulted in a significant increase in the
percentage of cells at G, phase and a significant decrease in the
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Knockdown of NFATc1 expression resulted in the arrest of the cells at the G,/S phase. “P<0.01, ""P<0.001 vs. shCtrl. Ctrl, control; NFATcI, nuclear factor of
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percentage of cells at the S and G,/M phases, compared with
those in the shCtrl group (Fig. 4B). This suggest that knock-
down of NFATcl expression in A549 and NCI-H1299 cells led
to cell arrest at the G, phase, where the cells were unable to
pass through the G,/S checkpoint.

Knockdown of NFATcl expression induces cell apoptosis and
inhibits the MAPK and EMT signaling pathways in lung cancer
cells. Western blotting revealed that knockdown of NFATcl led
to a significant increase in the protein expression levels of Bax
and cleaved caspase-3, while the expression levels of CDK4 and
c-Myc were significantly decreased, compared with those in
the shCtrl group (Fig. 5A). Furthermore, the expression levels
of EMT signaling pathway markers were detected. Knockdown
of NFATcl expression caused a significant increase in the
protein expression levels of E-cadherin, whereas the protein
expression levels of N-cadherin were significantly decreased,
compared with those in the shCtrl group (Fig. 5B). The effects
of knockdown of NFATcl expression on the MAPK signaling

pathway were subsequently examined. The protein expression
levels of p-ERK/ERK and p-P38/p38 in the shNFATcl group
were found to be reduced compared with those in the shCtrl
group (Fig. 5C).

Discussion

NFATcl is an important transcription factor and a previous
study has been performed to assess its role in lymphocytes,
NFATcl are dispensable for inflammatory reactivity but
are required for effector differentiation in T cells (18).
Accumulating evidence has demonstrated that NFATcl can
mediate important regulatory roles in mammalian tissues and
in various types of malignant tumor cells (19). At present,
lung cancer is one of the most commonly occurring malignant
tumors, which has the highest mortality rate worldwide. Even
after the patients have been treated with the standard thera-
pies, the survival rate continues to remain low, with a poor
prognosis (5,6). Therefore, the aim of the present study was
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to assess whether NFATcl can serve a role as a therapeutic
biomarker. NFATcl has been previously shown to regulate the
expression of DNA damage-induced apoptosis suppressor in
both pancreatic cancer and lung cancer cells (20). Furthermore,
NFATcl exerts an important role in the activation of cytotoxic
functions in T cells (21). Based on these findings, it was
hypothesized that NFATcl may also be a suitable biomarker
for lung cancer, providing a theoretical basis for its diagnosis
and treatment.

In the present study, a series of experiments revealed that
NFATcl protein expression could be decreased at least for
periods up to 48 h, where knockdown of NFATcl expression
led to the inhibition of the proliferation, invasion and migra-
tion of lung cancer cells. In breast cancer and ovarian cells,
similar results were obtained (14,22). Following the inhibi-
tion of NFATcl activity, cell proliferation and survival rates
were markedly inhibited (14,23). The abnormal expression of
NFATcl may lead to changes in the morphology of cells to
enhance the invasive ability of the cells in lung cancer and
breast cancer (24). In addition, NFATcl has been previously
revealed to promote urothelial tumorigenesis (25) and bladder
cancer cell proliferation (26). The extent of apoptosis and

cell cycle progression was also analyzed after the lentiviral
transfection in the lung cancer cells for 48 h. Although this
time period of transfection may have been too short to observe
unequivocal results, compared with that in the shCtrl group,
the shNFATcl group exhibited an increase in the apoptotic
rate. In liver cancer cells, knockdown of NFATcl expression
resulted in the blockade of the cell cycle at the G,/S phase (27),
a result that was consistent with the present findings in lung
cancer cells.

In urinary tract urothelial carcinoma (UUTUC), a marked
increase in NFATc] expression was observed when compared
with that in the nonneoplastic urothelium (28). In addition,
a strong NFATcl expression was markedly associated with
poorer outcomes for patients with UUTUC (28). NFATcl is
a central regulator of pancreatic cancer cell plasticity, it can
mediate NFATc1/Sox2 signaling, which holds therapeutic
promise in patients with differentiated and metastatic pancre-
atic cancer (29). Considering these observations, it is likely
that NFATcl serves a key role in a variety of cancer types.

It has been extensively reported that NFATcl serves an
important role in numerous signal transduction pathways,
including those associated with apoptosis, EMT and the
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MAPK signaling pathway connected with tumorigenesis and
development (30,31). In addition, a previous study revealed that
NFATcl can upregulate c-Myc expression through activation of
the ERK/p38 MAPK signaling pathway in ovarian cancer (32).
In addition, NFATc1 was demonstrated to be recruited to the
promoter of cyclooxygenase 2 (COX-2) and enhanced COX-2
transcriptional activation (33). The expression levels of COX-2
are increased in various types of tumors, including glioblas-
toma multiforme (34). MMP-2 and MMP-9 were decreased
in the NFATcl-silenced cells (35). Another study previously
demonstrated that NFATcl regulate cell proliferation, migra-
tion and invasion by inhibiting c-Myc and pyruvate kinase M2
expression in prostate cancer (36). c-Myc is a proto-oncogene
that serves key roles in a range of tumors and may be regulated
by NFATcl activity. In the present study, it was demonstrated
that silencing NFATcl expression led to the inhibition of
migration and invasion by lung cancer cells. In addition, EMT
was activated and cell apoptosis was promoted, findings that
were consistent with those of a study by He and Lu (37).

The MAPK/ERK signaling pathway serves an important
role in cell proliferation, differentiation, migration and apop-
tosis (38). The ERK family of proteins mainly participate in
the processes of proliferation and differentiation, whereas the
p38 MAPK family not only have an influence on inflamma-
tion and the stress response but can also regulate the normal
process of apoptosis (39). The protein expression levels of
ERK and p38 may not change during the time when either
cells or osteosarcoma are treated with drugs (40,41). However,
if the mRNA expression of certain components is altered, then
the expression levels of the ERK and p38 proteins may also
be affected by the components in the MAPK/ERK signaling
pathway, leading to changes in the expression levels of ERK
and p38. Yang et al (42) found that the protein levels of ERK,
p-ERK, p38 and p-p38 were all decreased when the activation
of aquaporin 5 was inhibited in human glioma cells. Upon
overexpressing NFATcl in the SKOV3 and CaOV3 ovarian
cancer cell lines, the phosphorylation levels of ERK1/2 and
p38 were found to be increased (16). In the present study, it
was demonstrated that silencing NFATcl not only reduced
p-ERK/ERK and p-P38/p38 protein ratio.

Overall, based on the experiments performed in the present
study, it was demonstrated that NFATc] serves a key role in
the proliferation of lung cancer. NFATcl was also found to be
involved in the regulation of the MAPK signaling pathway,
thereby serving a key role in lung cancer cell signaling.
However, there were number of limitations associated with the
present study. Only NFATcl was knocked down to explore its
function. It is necessary to perform the associated overexpres-
sion experiments to further substantiate these conclusions.
Therefore, overexpression experiments should form part of the
future studies in lung cancer. Other experiments in the future
should include in vivo assays to obtain further confirmatory
evidence. Through a more detailed study of the underlying
mechanism of NFATcl and its role in lung cancer, these
studies may provide a potential therapeutic, treatment and
target biomarker of lung cancer.
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