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Abstract. Ectodermal‑neural cortex 1 (ENC1), a highly 
expressed protein in lung cancer tissues, was identified from 
the Cancer Genome Atlas (TCGA) database. The objective 
of the present study was to examine the effects of ENC1 on 
the biological functions of lung cancer cells. For this purpose, 
the expression of ENC1 was examined by RT‑qPCR to 
compare mRNA expression levels between 28 lung cancer 
tissue samples and para‑cancerous tissue samples. The asso‑
ciation between ENC1 expression and clinicopathological 
features was evaluated between the 2 tissue types. Using 
RT‑qPCR and western blot analysis, the expression of ENC1 
was investigated in a normal lung cell line (16HBE) and 2 
lung cancer cell lines (A549 and H1299). The effect of siRNA 
targeting ENC1 (si‑ENC1) on the proliferation of A549 and 
H1299 cells was detected by CCK‑8 assay at the indicated time 
points. Transwell assay was used to measure the migration and 
invasion of A549 and H1299 cells following transfection with 
siRNA targeting ENC1 (si‑ENC1). The expression levels of 
several proteins related to migration and invasion were exam‑
ined by western blot analysis. A mouse model of subcutaneous 
tumor xenotransplantation was established in nude mice to 
examine the effects of ENC1 downregulation on cancer cells. 
The results revealed that the expression of ENC1 in lung 
cancer tissues and lung cancer cells was significantly higher 
than that in para‑cancerous tissues and non‑cancer lung cells, 
respectively. The knockdown of ENC1 in the A549 and H1299 
cells using si‑ENC1 significantly decreased cell proliferation, 
migration and invasion compared with the untransfected 
cells. The knockdown of ENC1 significantly downregulated 
the levels of matrix metalloproteinase (MMP)2, MMP9, 
N‑cadherin, p‑c‑Jun N‑terminal kinase (JNK), p‑extracellular 
signal‑regulated kinase  (ERK) and p‑p38. The levels of 

E‑cadherin were upregulated. In the mouse lung tumor model, 
reduced levels of ENC1 inhibited the growth of lung tumors. 
On the whole, the present study demonstrates that ENC1 is 
involved in the proliferation, migration and invasion of lung 
cancer cells, and may thus be an effective diagnostic target for 
certain cancers. The inhibition or reduction of ENC1 activity 
may represent a breakthrough in the treatment of lung cancer.

Introduction

Lung cancer is a malignant and fatal human cancer and is the 
leading cause of cancer deaths worldwide (1). Lung cancer is 
divided into 2 main types: Non‑small cell lung cancer (NSCLC) 
and small cell lung cancer (SCLC). NSCLC is the most common 
type of lung cancer, accounting for approximately 85% of 
lung cancers, while the more malignant SCLC accounts for 
approximately 15% of cases (2). The majority of lung cancers 
are diagnosed at an advanced stage, which reduces the survival 
rate of patients (3,4). Despite progress being made in the treat‑
ment of lung cancer, the long‑term survival rates have not been 
improved significantly (5). A small fraction of patients with 
lung cancer undergo surgery at the initial stage; however, the 
majority of patients require chemotherapy as diagnosis when 
the disease is at an advanced stage. Survival rates are better 
when lung cancer is identified earlier during its progression.

Ectodermal‑neural cortex 1 (ENC1) is an actin‑binding 
protein expressed primarily in nerve cells (6). ENC1 is essen‑
tial for adipocyte and neural crest cell differentiation (6,7). 
Of note, ENC1 reduces the aggregation and neurotoxicity of 
mutant Huntingtin proteins through the downregulation of p62 
expression (8). Recently, ENC1 was shown to play a key role 
in malignancies. Studies have confirmed that ENC1 is upregu‑
lated in various types of brain tumors, as well as in colon, 
ovarian and breast cancers (9‑12). However, ENC1 has been 
shown to significantly increase the level of reactive oxygen 
species in ovarian cancer cells, inhibiting the proliferation, 
invasion and migration of these cells (11).

The mechanisms of action of ENC1 in the development 
of lung cancer remain unclear. In the present study, it was 
found that the ENC1 levels were increased in lung cancer. 
The downregulation of ENC1 significantly inhibited the 
proliferation and invasion of lung cancer cells, and altered 
the expression levels of a variety of other proteins. The 
silencing of ENC1 expression in A549 cells inhibited the 
growth of tumors when introduced into a mouse lung tumor 
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model. These results are consistent with published evidence 
that ENC1 plays an important role in the regulation of the 
growth, proliferation and metastasis of cancers (9‑12). ENC1 
may be used as an effective marker for the presence of 
certain cancers and may be key to the discovery of effective 
treatments for cancer.

Materials and methods

Patients and sample collection. A total of 28 lung tumor tissues 
were obtained from patients with NSCLC at Yijishan Hospital 
(affiliated with Wannan Medical College) from April, 2018 to 
April, 2020 upon initial diagnosis of the cancer in each patient. 
None of the patients received any other specific treatment. 
Samples from tissues adjacent to the tumors were collected 
for use as controls. The present study was approved by the 
Ethics Committee of Yijishan Hospital. Informed consent was 
obtained from all patients.

Cells, cell culture and transfection. Lung cancer cell lines A549 
(SCSP‑503), H1299 (SCSP‑589) and human bronchial epithelial 
cells 16HBE (FS‑0400) were obtained from the cell bank of 
the Chinese Academy of Sciences (Shanghai, China). All cells 
were cultured in RPMI‑1640 (Gibco; Thermo Fisher Scientific, 
Inc.) containing 10% fetal bovine serum and 100 µg/ml strep‑
tomycin (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a 
humidified atmosphere with 5% CO2. For transfection, cells at 
approximately 60% confluency were transfected with 8 nmol/l 
siRNAs targeting ENC1 or ENC1 overexpression vector using 
the GenMute Transfection kit according to the manufacturer's 
instructions (SignaGen Laboratories) for 48  h. Following 
12‑24 h of transfection, the culture medium was replaced with 
fresh medium for an additional 48 h of incubation at 37˚C in 
a humidified atmosphere with 5% CO2. siRNA against ENC1 
(si‑ENC1), non‑specific siRNA (si‑NC), ENC1 overexpression 
vector and vector were designed and synthesized by Guangzhou 
RiboBio Co., Ltd. The sequence of the siRNA (si‑ENC1) was 
5'‑CTG​CTA​CGA​TCC​AAC​ATT​A‑3'.

Histological analysis and immunohistochemistry (IHC). For 
hematoxylin and eosin (H&E) staining (G1005, Servicebio), 
tissues were fixed by 10% neutral formalin for 1 day, dehy‑
drated and embedded in paraffin, and then cut into 5‑µm‑thick 
sections. After being dewaxed and treated with gradient 
alcohol, the sections were stained with hematoxylin for 5 min 
at room temperature and were washed with running water. 
Subsequently, alcohol solution with 1% hydrochloric acid and 
ammonia was employed. Subsequently, 1% eosin was utilized 
for further staining for 3 min at room temperature, gradient 
ethanol for section dehydration, and neutral balsam for section 
mounting, followed by microscope visualization (Nikon 
Eclipse E100; Nikon Corporation).

For IHC, the specimens were cut into sections (5‑µm‑thick). 
All tissue samples were fixed with 10% neutral formalin and 
embedded in paraffin. Paraffin sections were dewaxed and the 
endogenous peroxides quenched with 0.3% hydrogen peroxide. 
They were then incubated with anti‑ENC1 antibody (1:200, 
ab124902; Abcam) overnight (at 4˚C) and secondary antibody 
(1:200, 7074S; Cell Signaling Technology, Inc.) for 30 min 
(at 37˚C). The sections were stained with diaminobenzidine 

(G1212; Servicebio). Images were collected under a micro‑
scope (Nikon Eclipse E100; Nikon Corporation).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA (1 µg) was extracted from the cells and tissues using 
TRIzol reagent (Ambion; Thermo Fisher Scientific, Inc.) was 
reverse‑transcribed into cDNA following the instructions 
provided with the cDNA synthesis kit (K1622; Fermentas; 
Thermo Fisher Scientific, Inc.). The concentration and quality 
of the RNA were measured usign a NanoDrop 2000 spectro‑
photometer (Thermo Fisher Scientific, Inc.), paired samples 
were adjusted to the similar concentration for use. The mRNA 
level of GAPDH was used as an internal control. Relative 
mRNA expression levels calculated normalized to GAPDH. 
All experiments were performed in triplicate. qPCR was 
performed at 95˚C for 10 min followed by 40 cycles at 95˚C 
for 15 sec and at 60˚C for approximately 1 min by using the 
QuantiNova™ SYBR®‑Green PCR kit according to the manu‑
facturer's instructions (Qiagen GmbH). The ENC1 primers 
were as follows: Forward, 5'‑TGG​TTG​GAG​GAT​ACT​TTG​
GCA​TTC​AG‑3' and reverse, 5'‑TAG​GAA​TCA​GCG​AGT​ACG​
GGA​CAG‑3'. The GAPDH primers were as follows: Forward, 
5'‑CTG​GGC​TAC​ACT​GAG​CAC​C‑3' and reverse, 5'‑AAG​
TGG​TCG​TTG​AGG​GCA​ATG‑3'. Relative mRNA expres‑
sion was calculated using the 2‑ΔΔCq method, as previously 
described (13). GAPDH served as an internal control.

Western blot analysis. Whole cells (A549 and H1299) and 
tissues (lung cancer and para‑cancerous tissues) were lysed 
using cell lysis buffer (KeyGen Biotech. Co. Ltd.). The protein 
concentration was measured using a BCA protein assay kit 
(Beyotime Institute of Biotechnology). Protein samples (30 µg) 
were separated by 10% SDS‑PAGE and proteins transferred to 
PVDF membranes (Bio‑Rad Laboratories, Inc.). Membranes 
were blocked with 5% non‑fat milk (Bio‑Rad Laboratories, 
Inc.) for 1 h at room temperature, and subsequently incu‑
bated with diluted primary antibody at 4˚C overnight. The 
membranes were incubated with HRP‑conjugated secondary 
antibodies (1:2,000, 7074S, Cell Signaling Technology, Inc.) 
for 1 h at room temperature. Primary antibodies used in the 
present study included the following: ENC1 was obtained 
from Abcam (1:1,000, ab124902); N‑Cadherin (1:1,000, 
13116S), E‑Cadherin (1:1,000, 3195S), matrix metallopro‑
teinase (MMP)2 (1:1,000, 40994S), MMP9 (1:1,000, 13667S), 
p‑extracellular signal‑regulated kinase (ERK) (1:1,000, 
AP0485), ERK (1:1,000, 4695T), p‑c‑Jun N‑terminal kinase 
(JNK) (1:1,000, 4668T), JNK (1:1,000, 9252T), p‑p38 (1:1,000, 
4511T), p‑38 (1:1,000, 8690T) and β‑actin (1:1,000, 3700T) 
were obtained from Cell Signaling Technology, Inc. The blots 
were visualized using an ECL kit (Bio‑Rad Laboratories, Inc.). 
Bands were visualized by an enhanced chemiluminescence 
detection system (Bio‑Rad Laboratories, Inc.) and quantified 
using ImageJ software (NIH) and normalized to the internal 
control, β‑actin.

Cell viability and proliferation assay. The viability of lung 
cancer cell lines (A549 and H1299) was determined by CCK‑8 
assay (Bioss). Following transfection with the siRNAs for 24, 
48 and 72 h, 10 µl CCK‑8 were added to each well followed 
by incubation for 3 h at 37˚C according to manufacturer's 
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instructions. The absorbance at 450 nm was determined using 
a multi‑detection microplate reader (Bio‑Tek Instruments, Inc.). 
The proliferation of lung cancer cell lines (A549 and H1299) 
was evaluated using the EdU kit (C10310‑1/‑2/‑3; Guangzhou 
RiboBio Co., Ltd.). The transfected lung cancer cell lines 
(A549 and H1299) were seeded in 96‑well plates and incubated 
for 24 h at 37˚C in a humidified atmosphere with 5% CO2. The 
cell culture medium was then supplemented with 100 µl 50 µM 
EdU and cells were incubated for a further 2 h at 37˚C in a 
humidified atmosphere with 5% CO2. The cells were then fixed 
with 4% paraformaldehyde at room temperature for 30 min, 
followed by 0.5% Triton X‑100 to permeabilize cell. Nucleic 
acids were stained with DAPI dye at room temperature for 
5 min. Signals were detected using an inverted fluorescence 
microscope (Olympus IX83, Olympus Corporation). Following 
transfection with the siRNAs for 48 h, the proportion of prolif‑
erating cells in each group was determined. The intensity was 
determined using ImageJ software (NIH).

Cell invasion and migration assay. Transwell membrane filters 
(8 µm pore size, EMD Millipore) were used for the invasion 
and migration assays. For cell invasion assay, 50 µl Matrigel 
(BD Biosciences) were added to the upper chambers and incu‑
bated at 37˚C for 1 h, while Matrigel was not added for cell 
migration assay. Approximately 5x104 si‑ENC1‑transfected 
A549 and H1299 cells in a volume of 100 µl were seeded in the 
upper chamber without serum. The Transwell chambers were 
then placed in 24‑well plates and 600 µl RPIM‑1640 medium 
with 10% FBS were added to the lower chambers. Following 
incubation for 24 h at 37˚C in a humidified atmosphere with 
5% CO2, the non‑migrated cells were removed using a cotton 
swab. Migrated cells were fixed with 4% PFA for 30 min, then 
stained with crystal violet solution for 20 min. After washing 
with phosphate‑buffered saline, 5 random fields of cells were 
imaged and quantified under a CNikon Eclipse E100; Nikon 
Corporation). The average of the cells from 5 fields was used 
for statistical analysis.

Tumor xenotransplantation experiment. Subcutaneous xeno‑
grafts were created in the ventral region of female BALB/C 
nude mice (weighting approximately 20‑22 g each) at 4 weeks 
of age. The mice were allowed to adapt in the SPF environment 
(temperature: 23‑24˚C, humidity: 30‑50%), and food and water 
were freely available throughout the study. BALB/C nude 
mice were divided randomly into 2 groups (n=5 per group). A 
total of 5x106 A549 cells with stable expression of sh‑NC or 
sh‑ENC1 were implanted. Tumor nodules were monitored once 
a week and tumor volumes were estimated using the following 
formula: Volume=longest diameter x (smallest diameter)2/2.

The mice were sacrificed after 6 weeks and the tumors 
were collected. All animals were euthanized by an intrave‑
nous injection of 100 mg/kg pentobarbital sodium. The weight 
of the tumors was recorded and the tumors fixed in 4% PFA 
overnight, dehydrated and embedded in paraffin. The samples 
were sectioned and stained with H&E as described above. 
The animal research was approved by the Ethics Review 
Committee of Wannan Medical College.

TCGA validation of ENC1. The expression level of ENC1 
was verified using the UALCAN lung cancer database 

(http://ualcan.path.uab.edu/index.html). The TCGA survival 
data and Kaplan plot for ENC1 were verified using the 
OncoLnc lung cancer database (http://www.oncolnc.org/).

Microarray data. The microarray data have been deposited on 
the GEO database (GEO‑GSE165972).

RNA sequencing. Total RNA was extracted using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions. The RNA concentration 
was determined using a Bioanalyzer 2100 and RNA 1000 
Nano LabChip kit (Agilent Technologies, Inc.) with RIN 
number >7.0. RNA sequencing and analysis were provided by 
LC‑bio. Bioinformatics analyses (GO and KEGG analyses) 
were performed using the OmicStudio tools at https://www.
omicstudio.cn/tool.

Statistical analysis. Statistical analyses were performed using 
GraphPad Prism 5.0. All values represent at least 3  inde‑
pendent experiments and are presented as the means ± SD. 
Differences between means were analyzed using a Student's 
t‑test. P‑values <0.05 were considered to indicate statistically 
significantly differences.

Results

High expression of ENC1 in lung cancer tissues and cells. The 
mRNA expression levels of ENC1 between the lung cancer 
and para‑cancerous tissues were compared using the TCGA 
database. As shown in Fig. 1A and B, the mRNA levels of 
ENC1 in the cancer tissues were increased compared to those 
in the para‑cancerous tissues. Analysis using the TCGA data‑
base also revealed that the lung cancer samples with a higher 
ENC1 expression (red bar) exhibited a worse overall survival, 
but the difference was not significant (Fig. 1C). Subsequently, 
the mRNA expression of ENC1 was compared between cancer 
and para‑cancerous tissues obtained from lung cancer patients. 
The expression of ENC1 was determined by RT‑qPCR and 
IHC (Fig. 1D‑F). As shown in Fig. 1D and E, the expression 
of ENC1 was significantly increased in lung tumor tissues 
compared to para‑cancerous tissues, and the expression of 
ENC1 was significantly increased in stage III cancer tissues 
compared to stage II cancer tissues. The association between 
the clinicopathological features of patients with NSCLC and 
the expression levels of ENC1 was also investigated (Table I), 
and the expression of ENC1 was only related to the M phase, 
not to sex, age, tumor size or N stage. In addition, the expres‑
sion of ENC1 in a normal human bronchial epithelium cell 
line (16HBE), and lung cancer cell lines (A549 and H1299) 
was examined by RT‑qPCR and western blot analysis 
(Fig. 1G and H). The results revealed that the expression of 
ENC1 in the A549 and H1299 cells was markedly higher than 
that in the 16HBE cells. These results suggest that ENC1 is 
highly expressed in lung cancer cells and tissues.

Gene expression profiling of si‑ENC1‑transfected A549 cells. 
Overall gene expression was evaluated in siRNA‑transfected 
A549 cells. The transcriptome of the A549 cells transfected 
with si‑NC and si‑ENC1 was compared. In total, there were 
1,404 differentially expressed genes (DEGs) between the cells 
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transfected with si‑NC and si‑ENC1 (Fig. 2A). Hierarchical 
clustering of the DEGs separated the 2 groups (Fig. 2B). GO 
and KEGG analyses revealed changes in gene expression 
related to cancer development, including cell adhesion, cell 
communication, cell transduction, apoptosis and small cell 
lung cancer (Fig. 2C‑F). These results suggested that down‑
regulated ENC1 could affect the progression of lung cancer.

Downregulation of ENC1 inhibits the migration and invasion 
of NSCLC cells. To examine the effects of si‑ENC1 on the 
invasion and migration of A549 and H1299 cells, Transwell 
assay was performed. Following transfection with si‑ENC1, 
the mRNA and protein levels of ENC1 were determined in 
the A549 and H1299 cells. As shown in Fig. 3A and B, the 
mRNA levels of ENC1, as well as the protein levels were 
significantly reduced by transfection with si‑ENC1. The 
results of Transwell assay revealed that the downregulation 
of ENC1 significantly inhibited the migratory and invasive 
ability of the A549 and H1299 cells compared to the control 
group (Fig.  3C‑J). MMP2 and MMP9 are the primary 
enzymes that degrade type IV collagen, playing an important 
role in the vascularization, invasion, and metastases of tumor 
cells (14,15). They have been shown to be closely related to 
the development of lung cancer (16). In the present study, 
following transfection with si‑ENC1, the MMP2 and MMP9 
protein levels were determined in the A549 and H1299 
cells. As shown in Fig. 3K‑M, the protein levels of MMP2 
and MMP9 were decreased following transfection with 
si‑ENC1. Epithelial‑mesenchymal transition (EMT) plays an 
important role in the process of tumor cell metastasis, which 
has been widely recognized. The decrease in E‑cadherin 
expression and the increase in N‑cadherin expression are 
considered as key factors of EMT. In the present study, as 
shown in Fig. 3K‑M, following transfection with si‑ENC1, 
the expression of N‑cadherin was decreased, while that of 
E‑cadherin was increased.

Downregulation of ENC1 inhibits the proliferation of 
NSCLC cells. The proliferation of the A549 and H1299 
cells following transfection with si‑ENC1 was assessed. 
The results of CCK‑8 assay revealed that the downregulated 
expression of ENC1 inhibited the proliferation of the A549 
and H1299 cells (Fig. 4A and B). Similar results were also 
obtained using EdU detection (Fig. 4C‑F). These results 
suggest that ENC1 plays a significant role in the prolifera‑
tion of NSCLC cells.

Downregulation of ENC1 affects the MAPK pathway. 
Subsequently, the present study investigated whether 
si‑ENC1 can affect the regulation of the MAPK pathway. As 
shown in Fig. 5, transfection of the A459 and H1299 cells 
with si‑ENC1 significantly inhibited the phosphorylation 
of JNK, ERK and p38. However, there was no significant 
change in the total protein levels of JNK, ERK and p38. 
These results suggest that ENC1 inhibits the migration, 
invasion and proliferation of NSCLC cells by affecting the 
pathway downstream of MAPK.

Downregulation of ENC1 inhibits the growth of NSCLC in a 
mouse model. To determine the effect of ENC1 on the growth 
of tumors in vivo, a subcutaneous xenograft tumor model was 
established. The A549 cells, which were transfected with 
sh‑ENC1 or sh‑ctrl, were introduced into nude mice. As shown 
in Fig. 6A and B, the growth of the tumors in the sh‑ENC1 
group was significantly inhibited and the weight of the 
tumors was significantly lower than that in the sh‑ctrl group 
(Fig. 6C). In addition, tumor tissue structures are shown in 
Fig. 6D. Subcutaneous transplantation of tumor in nude mice 
was successful. The cancer cells were diffusely distributed and 
formed adenoid structures, with obvious atypia, pathological 
mitosis and focal necrosis. The expression of E‑cadherin 
increased and that of N‑cadherin decreased in the sh‑ENC1 
group compared with the sh‑ctrl group (Fig. 6E and F). In 

Table I. Associations between ENC1 expression and the clinicopathological parameters of patients with lung adenocarcinoma.

Characteristic	 No. of patients	 ENC1 expression (2‑ΔΔCq), means ± SD	 P‑value

Sex			   0.42
  Male	 17	 4.828±3.672	
  Female	 11	 3.530±4.688	
Age, years			   0.262
  ≤65	 18	 3.641±4.080	
  >65	 10	 5.462±4.035	
Tumor size (cm)			   0.728
  ≤3	 7	 3.809±2.644	
  >3	 21	 4.461±4.507	
N stage			   0.794
  N0	 13	 4.374±2.920	
  N1‑N3	 15	 4.841±5.409	
M stage			   0.037
  II	 20	 3.094±2.405	
  III	 8	 6.067±4.399	
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addition, the expression of both MMP2 and MMP9 was 
decreased in the sh‑ENC1 group (Fig.  6G  and  H). These 
experiments suggest that ENC1 is a key gene mediating the 
growth and metastasis of lung cancer.

Upregulation of ENC1 enhances the proliferation, migration 
and invasion of NSCLC cells. The effects of a high expres‑
sion of ENC1 on NSCLC cells were then investigated. An 
ENC1‑overexpression plasmid (OE‑ENC1 group) and an NC 

Figure 1. High expression of ENC1 in lung cancer tissues and cells. (A and B) The expression of ENC1 between lung cancer and para‑cancerous tissue from 
the TCGA database. (C) Kaplan‑Meier survival plot of overall survival of lung cancer in TCGA database, categorized according to ENC1 gene expression 
(high vs. low, based on mean expression). (D) The expression of ENC1 in normal and tumor tissues by RT‑qPCR. (E) The expression of ENC1 in tumor tissues 
between stage II and III by RT‑qPCR. (F) The expression of ENC1 in normal and tumor tissues by immunohistochemical analysis. (G and H) The expression 
of ENC1 between normal cell line and lung cancer cell lines by RT‑qPCR and western blot analysis. Scale bar, 50 µm; *P<0.05, ***P<0.001 vs. normal group; 
**P<0.01 vs. 16HBE cell group; ENC1, ectodermal‑neural cortex 1.
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plasmid (OE‑NC group) were transfected into the A549 and 
H1299 cells. The ENC1 mRNA and protein levels were signifi‑
cantly increased in both cell lines following transfection with 
OE‑ENC1 (Fig. 7A and B). The increased expression of ENC1 

induced the proliferation of A549 and H1299 cells, as shown 
by CCK‑8 assay (Fig. 7C). Similar results were obtained using 
the EdU detection kit (Fig. 7D). As shown in Fig. 7E and F, the 
upregulation of ENC1 significantly enhanced the migration 

Figure 2. Gene expression profiling of si‑ENC1‑transfected A549. (A) Volcano plot of all genes detected in transcriptome analysis. (B) Heatmap represents the 
magnitude of gene expression of 1404 genes (P<0.05, LogFC ≥1 o r≤‑1). (C and D) Relative fold change of genes representing key pathways identified by GO and 
KEGG analyses. (E and F) Heatmap represents magnitude of gene expression of cell adhesion and regulation of cell binding. ENC1, ectodermal‑neural cortex 1.
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Figure 3. Downregulation of ENC1 inhibits the migration and invasion of NSCLC cells. (A) Knockdown efficiency of ENC1 was quantified in A549 and H1299 
by RT‑qPCR. (B) Knockdown efficiency of ENC1 was quantified in A549 and H1299 by western blot analysis. (C‑J) The effects of ENC1 deficiency on cell 
migration and invasion were investigated by Transwell assay. (K‑M) The effects of ENC1 deficiency on the expression of N‑cadherin, E‑cadherin, MMP2 and 
MMP9 were investigated by western blot analysis. *P<0.05, **P<0.01, ***P<0.001 vs. si‑NC group. ENC1, ectodermal‑neural cortex 1; NSCLC, non‑small cell 
lung cancer.
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and invasion of A549 and H1299 cells compared with the 
control group. These results suggest that ENC1 plays a signifi‑
cant role in proliferation, migration and invasion of NSCLC 
cells.

Discussion

With over a million deaths annually worldwide, lung cancer is 
the leading cause of cancer‑related mortality (17,18). NSCLC 

Figure 4. Downregulation of ENC1 inhibits the proliferation of NSCLC cells. (A and B) Effects of ENC1 deficiency on the proliferation were investigated in 
A549 and H1299 by CCK‑8 assay. (C‑F) The effects of ENC1 deficiency on the proliferation were investigated in A549 and H1299 using an EdU detection kit. 
*P<0.05, **P<0.01 vs. si‑NC group. ENC1, ectodermal‑neural cortex 1; NSCLC, non‑small cell lung cancer.
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accounts for approximately 85% of all lung cancers  (19). 
Despite tremendous advances being made in the treatment 
using a combination of surgical techniques, chemotherapy 
and radiotherapy, NSCLC is still associated with a dismal 

prognosis due to its resistance to therapy and its local recur‑
rence. Consequently, patients with NSCLC have a median 
survival of <1 year and a 2‑year survival rate of <20%. The 
lack of effective means for the early diagnosis of NSCLC 

Figure 5. Downregulation of ENC1 affects the JNK and ERK pathways. (A‑C) Effects of ENC1 deficiency on the expression of p‑ERK, ERK, p‑JNK, JNK 
p‑p38 and p38 were quantified in A549 and H1299 cells by western blot analysis. *P<0.05 vs. si‑NC group. ENC1, ectodermal‑neural cortex 1.

Figure 6. Downregulation of ENC1 inhibits the growth of NSCLC in a mouse model. (A) Image of murine tissues from the 2 groups. (B) Tumor volume in 
the sh‑ctrl and sh‑ENC1 groups. (C) Tumor weight in the sh‑ctrl and sh‑ENC1 groups. (D) Tissue pathological changes in the sh‑ctrl and sh‑ENC1 groups, 
determined by H&E staining. (E‑H) The expression levels of N‑cadherin, E‑cadherin, MMP2 and MMP9 were investigated and compared between the sh‑ctrl 
and sh‑ENC1 groups by immunohistochemistry. Scale bar, 50 µm; **P<0.01, vs. sh‑ctrl. ENC1, ectodermal‑neural cortex 1; NSCLC, non‑small cell lung cancer.
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Figure 7. Upregulation of ENC1 enhances the proliferation, migration and invasion of NSCLC cells. (A) The overexpression efficiency of ENC1 was quantified 
in A549 and H1299 by RT‑qPCR. (B) The overexpression efficiency of ENC1 was quantified in A549 and H1299 by western blot analysis. (C) Effects of ENC1 
overexpression on proliferation were investigated in A549 and H1299 cells by CCK‑8 assay. (D) The effects of ENC1 overexpression on the proliferation 
were investigated in A549 and H1299 cells using an EdU detection kit. (E and F) The effects of ENC1 overexpression on cell migration and invasion were 
investigated by Transwell assay. *P<0.05, **P<0.01, ***P<0.001 vs. OE‑NC group. ENC1, ectodermal‑neural cortex 1; NSCLC, non‑small cell lung cancer.
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is the cause for the high mortality rate associated with this 
disease (20,21). It is thus critical to identify accurate and sensi‑
tive biomarkers for NSCLC in order to increase the survival 
rate of patients and to lower the costs of treatment.

ENC1 encodes an actin‑binding protein and plays an 
important role in early gastrulation and in the formation of the 
nervous system. ENC1 is emerging as a novel biomarker due to 
its conservation, abundance and roles in cancer progression. It 
is overexpressed in various types of cancer, including ovarian 
cancer and breast cancer, increasing tumor metastases in 
patients (11,12). Previous studies have demonstrated controver‑
sial associations between ENC1 expression and different types 
of cancers. ENC1 expression is downregulated in null cell 
adenomas and oncocytomas (22), but is overexpressed in breast 
cancer tissue compared with normal breast tissues (12). A high 
ENC1 expression is associated with a high metastatic ability of 
breast cancer cells, which was consistent with the finding that 
ENC1 was associated with the invasiveness of both pituitary 
null cell adenoma and oncocytoma (12). However, there is a 
lack of studies demonstrating the association between ENC1 
and lung cancer. In the present study, it was demonstrated that 
the inhibition of ENC1 may be a possible therapeutic target for 
the treatment of lung cancer. Furthermore, it was found that the 
downregulation of ENC1 in A549 and H1299 cells by siRNA 
significantly inhibited their proliferative, migratory and inva‑
sive ability, and also affected the expression of proteins MPP2, 
MMP9, N‑cadherin and E‑cadherin, which are closely related 
to the invasion and migration of cancer cells. These results 
suggested that ENC1 may become another novel diagnostic, 
metastatic and prognostic biomarker, and even a target for lung 
cancer in the future.

The MAPK pathway regulates important cellular processes, 
including gene expression, cell proliferation, cell movement 
and apoptosis, which play important roles in the progression 
of NSCLC (23). In the present study, the knockdown of ENC1 
expression significantly reduced the phosphorylation levels of 
3 MAPK family members, JNK, ERK and p38 in A549 and 
H1299 cells. Thus, si‑ENC1 reduces the proliferation, migra‑
tion and invasion of lung cancer cells through the MAPK 
pathway. However, further investigations into the details of 
ENC1 function are warranted to support these findings. Mouse 
models will be a valuable resource for identifying therapeutic 
targets, preclinical screening and the evaluation of different 
therapies for various types of cancer. It was confirmed that 
ENC1 regulated the growth and invasion of tumors in nude 
mice. The results obtained in vivo demonstrated that tumor 
sizes in nude mice injected with cells transfected with sh‑ENC1 
were smaller than those of the control group.

In conclusion, the present study demonstrates that ENC1 is 
significantly overexpressed in lung cancer and has diagnostic 
and prognostic value. ENC1 may thus be a target for the detec‑
tion and treatment of NSCLC, as well as other types of cancer.
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