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Abstract. The present study aimed to investigate the 
expression, biological function and mechanism of action of 
engrailed homeobox 2 (EN2) in non-small cell lung cancer 
(NSCLC) at the tissue and cellular level. A total of 42 patients 
who underwent surgical resection of NSCLC tissues between 
January 2014 and January 2015 were included in the present 
study. EN2 mRNA expression levels in explanted NSCLC 
tissues were determined using reverse-transcription quanti-
tative polymerase chain reaction analysis. Adenocarcinoma 
human alveolar basal epithelial A549 cells were transfected 
with negative control plasmids or those containing EN2, 
enabling its overexpression. To assess the effect of EN2 
overexpression in A549 cells, a Cell Counting kit-8 assay 
was used to analyze cellular proliferation, a Transwell assay 
was used to evaluate cellular migration and invasion and flow 
cytometry was used to detect the cell cycle distribution. To 
measure protein expression of EN2 and β-catenin in A549 
cells, western blotting was also conducted. EN2 mRNA 
expression levels in NSCLC tissues were lower than those in 
normal tissues, and were associated with metastasis, clinical 
staging and differentiation degrees of NSCLC. Increased 
expression of EN2 inhibited the proliferation of A549 
cells in vitro, and suppressed their migration and invasion. 
Elevated EN2 expression inhibited the proliferation of A549 
cells by regulating the G1/S phase transition. β-catenin protein 
expression levels and nuclear translocation in A549 cells 
were inhibited by EN2 overexpression. The present study 
demonstrated that expression of EN2 in NSCLC tissues was 
downregulated and negatively associated with the degree 
of disease differentiation, lymphatic metastasis and clinical 

staging. Overexpression of EN2 inhibits the proliferation, 
migration and invasion of A549 cells, as well as the expres-
sion of β-Catenin and nuclear translocation.

Introduction

The incidence and mortality of lung cancer is the highest 
among all malignant tumors worldwide; it is a disease 
that severely threatens human health and affects quality 
of life (1,2). Non-small cell lung cancer (NSCLC) accounts 
for ~80% of all lung cancer cases. The efficacy of surgical 
resection, adjuvant radiochemotherapy, immunotherapy and 
individualized targeted therapy have improved in recent years; 
however, the 5-year survival rate of NSCLC patients remains 
~15% (3). The occurrence and development of lung cancer 
is closely associated with the biological behavior of lung 
cancer cells, although the molecular mechanism that drives 
the disease remains unclear (4-6). It is widely accepted that 
the proliferation, invasion and metastasis of tumor cells, and 
the alteration of intrinsic cellular processes such as apoptosis 
and the cell cycle, promotes the occurrence and development 
of NSCLC (7,8). The molecular regulatory mechanism of the 
biological behavior of lung cancer cells is extremely complex. 
Therefore, identification of and screening for tumor‑associated 
genes, together with the study of their molecular mechanisms, 
have considerable clinical value in the diagnosis and treatment 
of NSCLC.

Homeobox-containing genes are highly evolutionarily 
conserved; proteins encoded by homeobox-containing 
genes are important transcription factors that precisely 
regulate the differentiation of cells by specifically acti-
vating downstream genes (9,10). Studies have indicated that 
homeobox-containing genes serve key roles in the generation 
and differentiation of embryos and organs of organisms. In 
addition, homeobox-containing genes are important for the 
regulation of the development and differentiation of adult 
tissues (11). In recent years, numerous studies have confirmed 
that HOX genes, a subclass of homeobox-containing genes, 
also perform important biological functions in the occur-
rence and development of a variety of tumors (12,13). For 
example, Zhong et al (14) reported that the methylation of 
the HOXD13 gene is an important marker in the early diag-
nosis of breast cancer (14). In addition, Aquino et al (15) 
revealed that 13 homeobox-containing genes exhibit 
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abnormal expression in oral squamous cell carcinoma (15). 
The members of homeobox-containing genes are numerous 
and have complex structures. Their functions and molecular 
mechanisms of action in tumors require further investiga-
tion. The engrailed homeobox (EN) family of genes includes 
EN1 and EN2. EN2 has been reported to serve an impor-
tant role in the development of embryos and the nervous 
system (16). It has been demonstrated that EN2 is abnor-
mally expressed in prostate, breast and bladder cancer, and 
is closely associated with the procession of tumors (17,18). 
However, the expression level and role of EN2 in NSCLC 
remains unclear. In the present study, the expression and 
mechanism of action of EN2 in NSCLC was investigated 
using reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR), western blot analysis, and a Transwell 
assay. The present study provided an experimental basis for 
screening biological targets for the diagnosis and treatment 
of NSCLC.

Materials and methods

Patients. A total of 42 patients (31 males and 11 females) 
who received surgical resection of NSCLC tissues between 
January 2014 and January 2015 were included in the present 
study. All patients were clearly diagnosed with NSCLC by 
pathologists. NSCLC and tumor-adjacent normal tissues 
were collected from all NSCLC patients. The age range 
of the patients was 27-65 years and the mean age was 
41.7±2.4 years. Patients were included if they were without: 
Any other tumors; a long history of drug intake; autoimmune 
diseases; and adjuvant therapy prior to surgery. Among the 
42 patients, 25 had lymphatic metastasis and 17 did not. The 
Tumor‑Node‑Metastasis (TNM) staging followed NSCLC 
TNM staging criteria of American Joint Committee on 
Cancer 2003 edition (19). Of the 42 patients, 11 had stage I 
disease, 18 had stage II disease and 13 had stage III disease. 
All procedures were approved by the ethics committee 
of Jining No. 1 People's Hospital (Jining, China). Written 
informed consent was obtained from all patients or their 
families.

Cells and transfection. The lung cancer A549 cell line was 
purchased from the Type Culture Collection Chinese Academy 
of Sciences (Shanghai, China). A549 cells were defrosted 
at 37˚C and cultured in 10 ml fresh Dulbecco's Modified 
Eagle's Medium (DMEM; Hyclone; GE Healthcare Life 
Sciences, Logan, UT, USA) medium at 37˚C and 5% CO2 for 
24 h. The old medium was discarded; 5 ml fresh high-glucose 
DMEM medium supplemented with 10% fetal bovine serum 
was added (Hyclone; GE Healthcare Life Sciences). The 
medium was changed every 2 days and the cells were passaged 
at 90% confluence.

A549 cells were cultured in DMEM medium and divided 
into negative control (NC) and pcDNA-3.1-EN2 groups. At 
70‑90% confluence, 0.5 µg NC or pcDNA‑3.1‑EN2 plasmids 
(Hanbio Biotechnology Co., Ltd., Shanghai, China) were 
mixed with 1 µl Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), and the mixture 
was added into two individual vials containing 50 µl OptiMemi 
medium (Hyclone; GE Healthcare Life Sciences). After 5 min, 

the liquids in the two vials were mixed prior to standing for 
another 15 min. Next, the mixture was added to the cells, 
which were incubated for 6 h. Following replacement of the 
DMEM medium supplemented with 10% fetal bovine serum, 
the cells were cultured under normal conditions for 48 h prior 
to use.

RT‑qPCR. Tissues (100 mg) were ground into powder 
following freezing with liquid nitrogen prior to the addition 
of 1 ml TRIzol (Thermo Fisher Scientific, Inc.) for lysis. 
Subsequently, total RNA was extracted using phenol chlo-
roform method (20). The purity of RNA was determined at 
A260/A280 using ultraviolet spectrophotometry (Nanodrop 
ND1000, Thermo Fisher Scientific, Inc., Wilmington, DE, 
USA). Next, cDNA was obtained by RT using a PrimeScript 
RT reagent kit (Takara Biotechnology Co., Ltd., Dalian, 
China) from 1 µg RNA and stored at ‑20˚C. The RT reac-
tion system RNA constituted 5 µl RNA template, 2 µl Oligo 
(dT), 2 µl super pure dNTP, and 5.5 µl ddH2O. The reaction 
system was first heated to 70˚C and then kept on ice for 2 min. 
Following centrifugation at 1,000 x g at 4˚C for 30 sec, 4 µl 
5 X first‑strand buffer and 0.5 µl RNasin (Tiangen Biotech 
Co., Ltd., Beijing, China) were added, followed by addition 
of 1 µl TIANScript M‑MLV (Tiangen Biotech Co., Ltd.). The 
mixture was then incubated at 25˚C for 10 min and 42˚C for 
50 min; at 95˚C for 5 min the stop reaction was conducted. 
Subsequently, the samples were kept on ice and 5 µl was used 
for RT-qPCR.

To determine the expression of EN2 in tumor and 
tumor-adjacent tissues, the Quant One Step qRT-PCR 
(SYBR-Green) kit (Tiangen Biotech Co., Ltd.) was used, with 
GAPDH serving as the internal reference. The RT-qPCR 
reaction system (30 µl) contained 5 µl cDNA, 10 µl mix, 
1 µl upstream primer, 1 µl downstream primer, and 13 µl 
ddH2O. The primers used were: EN2 forward, 5'-CTA CTG 
TAC GCG CTA CTC GG-3' and reverse, 5'-CCC GTG GCC 
TTC TTG ATC TT-3'; GAPDH forward, 5'-AGG TGA AGG 
TCG GAG TCA AC-3' and reverse, 5'-CGC TCC TGG AAG 
ATG GTG AT-3'. The PCR protocol was as follows: Initial 
denaturation at 95˚C for 10 min; 40 cycles of denaturation 
at 95˚C for 30 sec and annealing at 60˚C for 30 sec (iQ5; 
Bio-Rad Laboratories, Inc., Hercules, CA, USA). The 2-ΔΔCq 
method (21) was used to calculate the relative expression 
of EN2 mRNA against GAPDH; each sample was tested in 
triplicate.

Cell Counting kit‑8 (CCK‑8) assay. For the growth curve 
assay, A549 cells were seeded into 96-well plates at a density 
of 5,000 cells per well in triplicate. Every 24 h, the cells 
were incubated with CCK-8 reagent (Beyotime Institute 
of Biotechnology, Shanghai, China) at 37˚C for 30 min. 
Absorbance at 490 nm was read on a microplate reader 
(168‑1,000; Model 680, Bio‑Rad Laboratories, Inc.) at 24, 48 
and 72 h, and proliferation curves were plotted using absor-
bance values at each time point.

Transwell assay. Transwell chambers (8 µm diameter and 
24 wells; Corning Inc., Corning, NY, USA) were used to 
evaluate the migration ability of A549 cells. Transfected 
cells were collected by trypsin digestion and resuspended 
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to a density of 2x105 cells/ml using serum‑free DMEM. The 
cell suspension (200 µl per well) was added into the upper 
chamber. In the lower chamber, 500 µl DMEM medium 
supplemented with 10% fetal bovine serum was added. 
Following incubation for 24 h, cells in the upper chamber 
were removed with a cotton swab. Next, the chamber was 
fixed using 4% formaldehyde for 10 min at room temperature 
and then subjected to Giemsa staining at room temperature 
for 1 min. Following three washes of the cells that migrated 
to the other side of the chamber with phosphate-buffered 
saline (PBS), these cells were counted in 5 individual fields 
under a light microscope (magnification, x200) to evaluate 
migration ability.

Matrigel invasion chambers (BD Biosciences, Franklin 
Lakes, NJ, USA) were used to determine the invasive ability 
of cells. Matrigel was first diluted with serum‑free DMEM 
medium at a ratio of 1:2. In the upper chamber, 50 µl diluted 
Matrigel was added and maintained at 37˚C for 1 h. In the 
lower chamber, 500 µl DMEM medium supplemented with 
10% fetal bovine serum was added. Following incubation 
at 37˚C for 24 h, the cells (1x105) in upper chamber were 
removed with a cotton swab. Next, cells in the chamber was 
fixed using 4% formaldehyde for 10 min at room temperature 
and then subjected to Giemsa staining at room temperature for 
1 min. Following three washes of the cells that moved to the 
other side of the chamber with PBS, these cells in five fields 
were counted under a light microscope (magnification, x200) 
to evaluate invasion ability.

Flow cytometry. At 24 h post-transfection, 1x106 cells of each 
group were washed twice with precooled PBS. A Cell Cycle 
Assay kit (BD Biosciences) was used to determine the cell 
cycle according to the manufacturer's protocols. The cells 
were incubated at room temperature with 200 µl liquid A for 
10 min, and 150 µl liquid B for another 10 min. Then, the cells 
were incubated at room temperature with 120 µl liquid C in 
the dark for 10 min prior to flow cytometry analysis using 
FACSVerse™ flow cytometer (BD Biosciences). The results 
were analyzed using ModFit software version 3.2 (Verity 
Software House, Inc., Topsham, ME, USA).

Western blotting. At 48 h after transfection, A549 
cells were trypsinized and collected. Then, precooled 
radioimmunoprecipitation assay lysis buffer (600 µl; 
50 mM Tris‑base, 1 mM EDTA, 150 mM NaCl, 0.1% SDS, 
1% Triton X-100, and 1% sodium deoxycholate; Beyotime 
Institute of Biotechnology) and phenylmethylsulfonyl 
fluoride were added to the samples. Following lysis for 
5 min on ice, the mixture was centrifuged at 12,000 x g and 
4˚C for 10 min. Protein samples (50 µg per lane) were then 
mixed with equal volume of 2 X SDS loading buffer prior to 
denaturation in boiling water bath for 10 min. Subsequently, 
the samples (5 µl) were subject to 10% SDS‑PAGE at 100 V. 
The resolved proteins were transferred to polyvinylidene 
difluoride membranes on ice (300 mA, 2 h) and blocked 
with 50 g/l skimmed milk at room temperature for 1 h. 
Next, the membranes were incubated with rabbit anti-human 
EN2 polyclonal primary antibody (1:1,000; cat. no. ab28731; 
Abcam, Cambridge, UK) and rabbit anti-human GAPDH 
primary antibody (1:5,000; cat. no. ab9485; Abcam) at 

4˚C overnight. Following five washes with PBS with 
0.1% Tween-20 for 5 min, the membranes were incubated 
with goat anti-mouse (1:5,000; cat. no. ab6789) and goat 
anti-rabbit (1:2,000; cat. no. ab205718; both Abcam) 
horseradish peroxidase-conjugated secondary antibodies, 
respectively, for 1 h at room temperature prior to five washes 
with PBS with Tween-20 for 5 min. Next, the membrane 
was developed with an enhanced chemiluminescence 
detection kit (Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany) for imaging. Image lab v3.0 software (Bio-Rad 
Laboratories, Inc.) was used to acquire and analyze imaging 
signals. The relative content of EN2 protein was expressed 
as the EN2/GAPDH ratio. For the measurement of relative 
β-Catenin expression, polyclonal rabbit anti-human 
β-Catenin primary antibody (1:1,000; cat. no. AF0066) and 
polyclonal rabbit anti-human H3 histone primary antibody 
(1:3,000; cat. no. AF0009; both Beyotime Institute of 
Biotechnology) were incubated according to the western 
blotting protocol used for EN2, and H3 histone was used as 
internal reference.

Statistical analysis. The results were analyzed using 
SPSS 16.0 statistical software (SPSS, Inc., Chicago, IL, USA). 
Each test was performed in triplicate. All measurement data 
were expressed as the mean ± standard deviation. Data were 
tested for normality; comparisons between two groups were 
performed using paired t‑test. Multigroup measurement data 
were analyzed using one-way analysis of variance. In case 
of homogeneity of variance, the least significant difference 
and Student-Newman-Keuls post hoc methods were used; in 
case of heterogeneity of variance, Tamhane's T2 or Dunnett's 
T3 post hoc methods were used. P<0.05 was considered to 
indicate a statistically significant difference.

Results

EN2 mRNA expression levels in NSCLC tissues are lower 
than those in normal tissues and are associated with the 
metastasis, clinical staging and differentiation degrees of 
NSCLC. To measure the expression levels of EN2 mRNA in 
NSCLC tissues, RT-qPCR was utilized. EN2 mRNA expres-
sion levels in NSCLC tissues were significantly lower than 
those in tumor-adjacent tissues (Fig. 1A). In addition, the 
expression levels of EN2 mRNA in patients with lymphatic 
metastasis were significantly lower than those in patients 
without lymphatic metastasis (Fig. 1B). When assessing the 
association between E2 expression and clinicopathological 
characteristics, EN2 expression gradually decreased with 
the increases in TNM staging (Fig. 1C) and differentiation 
degrees (Fig. 1D). The results indicated that EN2 mRNA 
expression levels in NSCLC tissues were lower than those 
in normal tissues and may be associated with the metastasis, 
clinical staging and the degree of differentiation of NSCLC.

Increased expression of EN2 inhibits the proliferation of A549 
cells in vitro. To investigate the effect of EN2 on the proliferation 
of A549 cells, a CCK-8 assay was performed. The data revealed 
that the absorbance of cells transfected with pcDNA-3.1-EN2 
was significantly lower than that of cells in NC group at 48 and 
72 h (Fig. 2), indicative of a reduced cellular proliferation. The 
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results indicated that increased expression of EN2 inhibited the 
proliferation of A549 cells in vitro.

Overexpression of EN2 suppresses the migration and inva‑
sion of A549 cells. To study the migration and invasive 
abilities of A549 cells, a Transwell assay was performed. 
Transwell migration and invasion assays demonstrated that 
the number of A549 cells transfected with pcDNA-3.1-EN2 
that crossed the membrane was lower than the number of 
cells in the negative control group (Fig. 3). These results 
indicated that the overexpression of EN2 may suppress the 
migration and invasion of A549 cells.

Elevated EN2 expression inhibits the proliferation of A549 
cells by regulating the G1/S phase transition. To investigate 
the effect of EN2 on the A549 cell cycle, flow cytometry was 
conducted. The data revealed that A549 cells overexpressing 
EN2 exhibited G1/S phase arrest, unlike the negative control 
cells (Fig. 4). The results indicated that elevated EN2 expres-
sion might inhibit the proliferation of A549 cells by regulating 
G1/S phase transition.

β‑catenin protein expression and nuclear translocation in 
A549 cells are inhibited by EN2 overexpression. To deter-
mine protein expression in A549 cells, western blotting was 

Figure 1. Relative expression of EN2 mRNA in (A) NSCLC tissues and adjacent tissues, (B) patients with or without lymphatic metastasis, (C) patients at 
different Tumor‑Node‑Metastasis stages and (D) patients with different degrees of disease differentiation. *P<0.05 compared with the control group; #P<0.05 
between any two groups (each group was significantly different from the others). EN2, engrailed homeobox 2; NC, negative control.
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conducted. Following transfection with the pcDNA3.1-EN2 
plasmid, EN2 protein expression levels in A549 cells were 

significantly enhanced. In addition, β-catenin protein expres-
sion levels were downregulated as EN2 expression levels 
increased (Fig. 5). The results indicated that β-catenin protein 
expression levels and nuclear translocation in A549 cells might 
be inhibited by EN2 overexpression.

Discussion

The results of the present study demonstrated that EN2 
may act as a tumor-suppressor gene in NSCLC and that 
reduced expression of EN2 may be closely associated with 
the occurrence and development of NSCLC. It has been 
reported that EN2 may serve a notable role in the early 
development of embryos and the maintenance of the func-
tion of nervous system, and is closely associated with the 
development of the nervous system and autism (22). EN2 
has also been demonstrated to be closely associated with 
the occurrence and development of tumors, potentially 
acting as a tumor-suppressor gene in certain types of cancer. 
Martin et al (23) reported that the expression of EN2 in breast 
cancer cells was upregulated and might have promoted the 
proliferation of tumor cells. Bose et al (24) revealed that EN2 
expression levels were upregulated in prostate cancer cell 
lines and that the silencing of EN2 expression may inhibit the 
proliferation of prostate cancer cells via the downregulation 
of PAX2 gene expression. Morgan et al (25) demonstrated 
that EN2 content in urine from bladder cancer patients was 
elevated to levels that were of clinical diagnostic value. In 
addition, Lai et al (26) reported that EN2 expression was 

Figure 4. Effect of EN2 expression on A549 cell cycle. Flow cytometry was 
used to detect the proportion of cells in different locations within the cell 
cycle. The percentages of cells in G1, S and G2 phases were calculated. EN2, 
engrailed homeobox 2; NC, negative control.

Figure 3. Effect of EN2 expression on the migration and invasive abilities 
of A549 cells. A transwell assay was used to determine migration and 
invasion. *P<0.05 compared with the negative control. EN2, engrailed 
homeobox 2.

Figure 2. Effect of EN2 overexpression on the proliferation of A549 cells. 
CCK-8 assay was used to detect cell proliferation. Absorbance at 490 nm 
was read on a reader at 24, 48, and 72 h, and proliferation curves were plotted 
using absorbance values at each time point. *P<0.05 compared with the nega-
tive control. EN2, engrailed homeobox 2.
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downregulated in renal clear cell carcinoma and was nega-
tively associated with clinicopathological staging, further 
indicating that EN2 may be a tumor-suppressor gene. These 
studies indicated that the biological functions of EN2 might 
be distinct in different types of tumors.

At present, there is one report on EN2 expression in 
NSCLC (27). The results of the present study revealed that 
EN2 expression levels were downregulated in NSCLC, and 
were negatively associated with lymphatic metastasis, degree 
of differentiation and TNM staging, indicating that EN2 may 
have tumor-suppressor gene functions in NSCLC. In vitro 
experiments demonstrated that the overexpression of EN2 in 
A549 cells might inhibit the proliferation, migration and inva-
sion of A549 cells. Flow cytometry conducted in the present 
study revealed that EN2 inhibited the G1/S transition of A549 
cells, indicating that the downregulation of EN2 facilitates the 
occurrence and development of NSCLC.

The Wnt signaling pathway is closely associated with cell 
proliferation, differentiation, migration and invasion. As a key 
protein in the Wnt signaling pathway, β-catenin aggregates 
in the cytoplasm, enters the cell nucleus, exerts its function 
as a transcription factor and activates the transcription and 
expression of downstream genes (28). In addition, β-catenin 
can also bind with epithelial marker E-cadherin and mediate 
the migration of cells (29). Western blotting data reported in 
the present study demonstrated that EN2 overexpression led 
to the downregulation of β-catenin protein expression levels 
in A549 cells; β-catenin expression levels in the nucleus 
were significantly reduced, indicating that the upregulation 
of EN2 may inhibit the activity of the Wnt signaling pathway, 
in addition to the migration and invasion of A549 cells.

In conclusion, the present study demonstrated that 
downregulated EN2 expression might be closely associated with 
the occurrence and development of NSCLC. Overexpression 
of EN2 may inhibit the proliferation, migration and invasion 
of NSCLC, possibly due to the inhibition of Wnt signaling 
pathway by EN2. Therefore, EN2 has to potential to be 
considered to be a potential diagnostic marker and therapeutic 
target for NSCLC.
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