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Abstract. Eukaryotic translation initiation factor 5A2 
(EIF5A2) has been demonstrated to be upregulated in 
numerous types of human cancer and is associated with 
cancer progression. However, the expression and role of 
EIF5A2 in non‑small cell lung cancer (NSCLC) remains 
unclear. In the present study, the role of EIF5A2 in NSCLC 
was investigated, in addition to the underlying molecular 
mechanisms by which EIF5A2 acts. Relative EIF5A2 expres-
sion levels were determined in NSCLC cells and compared 
with levels in non‑cancerous lung tissues. Short interfering 
(si)RNA targeted against EIF5A2 was used to knock down 
EIF5A2 levels in NSCLC cells. Cell proliferation, apoptosis 
rate, migration ability and invasion ability were determined 
in untreated and siRNA‑treated NSCLC cells, in addition to 
the relative protein expression levels of various tumorigenic 
proteins and E‑cadherin. EIF5A2 expression was signifi-
cantly higher in NSCLC tissues compared with adjacent 
normal tissues. Knockdown of EIF5A2 in the NSCLC 
cells significantly inhibited cell proliferation and induced 
apoptosis. Furthermore, EIF5A2 silencing suppressed cell 
migratory and invasive capacities in  vitro. Silencing of 
EIF5A2 in the NSCLC cells resulted in the downregulation 
of the tumorigenic proteins, apoptosis regulator Bcl‑2 and 
myc proto‑oncogene protein, and upregulation of E‑cadherin, 
suggesting that EIF5A2 promotes proliferation and metastasis 

through these proteins. EIF5A2 may therefore serve as a novel 
therapeutic target for the treatment of NSCLC.

Introduction

Non‑small cell lung cancer (NSCLC) accounts for 85% of 
pulmonary malignancies (1) and is one of the leading causes of 
cancer‑associated mortality worldwide. Recurrent and meta-
static disease is the main cause of mortality, and the 5‑year 
survival rate for lung cancer is 15% (2). Therefore, in order to 
improve the prognosis for patients with NSCLC, it is impor-
tant to understand the underlying molecular mechanisms that 
contribute to tumor recurrence and metastases, and to identify 
the relevant markers and targets for treatments.

The epithelial‑mesenchymal transition (EMT) is a complex 
but reversible process whereby epithelial cells acquire a mesen-
chymal phenotype (3). EMT leads to the loss of the epithelial 
cell marker E‑cadherin, which is a cell‑cell junction protein. 
Loss of E‑cadherin is associated with NSCLC progression 
and metastasis, and with a poor prognosis for patients with 
NSCLC (4). Therefore, determining an effective method to 
inhibit EMT in NSCLC may significantly improve the treat-
ment of NSCLC.

Eukaryotic translation initiation factor 5A (EIF5A) is a 
protein involved in numerous intracellular processes. EIF5A 
has been demonstrated to serve a role in translation initia-
tion, translation elongation, transcription, mRNA turnover 
and nucleocytoplasmic transport  (5). EIF5A arises in two 
forms (6,7); EIF5A1 serves an essential role in non‑malignant 
cells, although it has also been implicated in cancer (8). EIF5A2 
is a purported oncogene that is less widely expressed in normal 
tissue (5,9,10); however, EIF5A2 expression has been associ-
ated with a number of cancer types, including lung cancer. 
Downregulation of EIF5A2 prevents EMT in NSCLC (11), 
while overexpression of EIF5A2 is an adverse prognostic 
marker of survival for patients with stage I NSCLC (12). In 
addition, it has been demonstrated that inhibition of EIF5A2 
enhances NSCLC sensitivity to chemotherapeutics, prevents 
or reverses EMT, and reduces the migration and invasion 
capabilities of NSCLC cells (13).

The role of EIF5A2 as an oncogene has been well estab-
lished in a number of types of cancer, including NSCLC. 
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However, its role in NSCLC cells is not clear. In the present 
study, the role of EIF5A2 in NSCLC was investigated.

Materials and methods

Patients and specimens. A total of 47 paired tumor tissue 
samples and adjacent normal tissues were obtained from 
primary lung cancer patients undergoing surgical treatment 
between May 2008 and December 2010 at the Affiliated 
Hospital of Zunyi Medical College (Zunyi, China). Among the 
47 patients with NSCLC, there were 25 males and 22 females 
aged between 47 and 71 years old, with a mean age of 60 years 
old. None of the patients had received adjuvant therapy prior to 
surgery. Following removal, the tissue specimens were imme-
diately fixed in 4% formaldehyde and embedded in paraffin for 
immunohistochemical staining. All the tissues were processed 
within 15 min of removal. Each sample was frozen and stored 
at ‑80˚C. The tumor tissue samples were confirmed by patho-
logical diagnosis, while paired non‑cancerous adjacent tisssues 
were dissected at least 2 cm away from the tumor border 
and were confirmed to lack tumor cells by microscopy. The 
patient clinicopathological features are presented in Table I. 
The present study was approved by the Ethics Committee of 
the Affiliated Hospital of Zunyi Medical College, and written 
informed consent was obtained from each patient enrolled in 
the study.

Immunohistochemical staining of EIF5A2 expression. 
Immunohistochemical staining of EIF5A2 was performed to 
assess relative EIF5A2 expression in NSCLC tissue compared 
with adjacent normal tissue, according to a standard immunoper-
oxidase staining protocol. EIF5A2 immunohistochemistry was 
performed on 4‑µm thick, formalin‑fixed, paraffin‑embedded 
tissue sections. A rabbit polyclonal antibody anti‑EIF5A2 
(1:100; cat. no. GTX110510; GeneTex Inc., Irvine, CA, USA) was 
used for staining (14) and incubated at 37˚C for 2 h, followed 
by incubation 1 h with horseradish peroxidase‑conjugated goat 
anti‑rabbit IgG (1:500; cat. no. ab7090; Abcam, Cambridge, 
MA, USA), then 3,3'‑diaminobenzidine (DAB) staining solu-
tion (1:25, cat. no. 070004‑D; Beijing CellChip Biotechnology 
Co., Ltd., Beijing, China) for 10 min at room temperature. 
The immunohistochemical staining was evaluated using a 
semi‑quantitative score method as follows: 0, 0%; 1, <5%; 2, 
~5‑50%; and 3, >50% stained cells. In addition, the staining 
intensity was scored as 0 (‑), 1 (+), 2 (++) or 3 (+++). The final 
score was defined as the sum of the two parameters, and the 
samples were grouped as negative (0), weak (1‑2), moderate 
(3) and strong (4‑6) staining. Negative and weak staining were 
defined as low expression of EIF5A2, and moderate and strong 
staining were defined as high expression of EIF5A2. Only the 
final immunoreaction scores of the moderate and strong groups 
were considered as positive for expression. The EIF5A2 expres-
sion results are presented in Table I.

Cell culture and transfection. The human bronchial epithelial 
HBE cell line and five NSCLC cell lines (A549, H23, Calu‑3, 
H1299 and H460) were purchased from the Cell Bank of 
Type Culture Collection of Chinese Academy of Sciences 
(Shanghai, China). Cells were cultured in RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 

supplemented with 100 U/ml penicillin, 100 mg/ml strepto-
mycin (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
and 10% fetal calf serum (Gibco, Thermo Fisher Scientific, 
Inc.). Cells were maintained at 37˚C with 5% CO2 in a 
humidified incubator.

Knockdown of EIF5A2 gene expression in NSCLC cells 
was accomplished using small interfering (si)RNAs targeted 
against EIF5A2, which were designed and synthesized by 
Shanghai GenePharma Co., Ltd. (Shanghai, China). The 
sequence of EIF5A2 siRNA was as follows: 5'‑GGA​UCU​
UAA​ACU​GCC​AGA​ATT‑3', 5'‑UUC​UGG​CAG​UUU​AAG​
AUC​CTT‑3'. EIF5A2 siRNA (siRNA1, 5 µmol/ml; siRNA2, 
10 µmol/ml; siRNA3, 15 µmol/ml) or negative control siRNA 
(5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'; 5'‑ACG​UGA​CAC​
GUU​CGG​AGA​ATT‑3') was transfected into the H1299 and 
H460 cells using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The transfection medium was replaced with culture 
medium 6 h after transfection. All subsequent experiments 
were performed 24 h after transfection and repeated three 
times.

Cell proliferation assay. The cell proliferation assay was 
performed using Cell Counting Kit‑8 (CCK‑8; Dojindo 
Molecular Technologies, Inc., Kumamoto, Japan), according 
to the manufacturer's protocol. The H1299 and H460 cells 
treated with EIF5A2 siRNA or control siRNA were seeded 
on a 96‑well microplate at a density of 5x103 cells/well. Cell 
proliferation was assessed at 24, 48 and 72 h. CCK‑8 solution 
(10 µl) was added to each well, and the cells were incubated 
at 37˚C for an additional 3  h. Optical density (OD) was 
determined at a wavelength of 450 nm using an MRX TC II 
microplate reader (Dynex Technologies, Chantilly, VA, USA).

Cell migration and invasion assays. For the migration 
assay, H1299 and H460 cells (2x105) were resuspended in 
100 µl serum‑free RPMI medium and loaded into the upper 
chamber of a modified Boyden chamber (Neuro Probe, Inc., 
Gaithersburg, MD, USA). The lower chamber was filled 
with RPMI medium and vascular endothelial growth factor 
(50 ng/ml). The chamber was incubated at 37˚C for 24 h. The 
lower side of the filter was washed with PBS and fixed with 4% 
paraformaldehyde. The cells were stained with hematoxylin 
and counted in three random high‑power fields in each well 
under an Olympus inverted microscope (IX70).

For the invasion assay, the cells (2x105) were resuspended in 
100 µl of serum‑free RPMI medium and placed into the upper 
chamber, which contained an 8‑µm microporous membrane 
insert (Costar; Corning Inc., Corning, NY, USA) coated with 
Matrigel® (BD Biosciences, Franklin Lakes, NJ, USA). The 
lower chamber contained 10% FBS plus RPMI‑1640 medium. 
The chamber was incubated at 37˚C for 24 h. Following this, 
the lower side of the filter was washed with PBS and fixed 
with 4% paraformaldehyde at 37˚C for 30 min. The cells were 
stained with hematoxylin at 37˚C for 15 min and eosin at 37˚C 
for 5 min. The invading cells were imaged and counted using 
an inverted phase contrast microscope.

Flow cytometry. The apoptosis of cells was assessed using 
flow cytometry. H1299 and H460 cells were respectively 
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plated in 6‑well plates at a density of 5x105 cells/well. Cells 
were harvested and fixed with cold 75% ethanol at 4˚C 
overnight. The fixed cells were collected and labeled with 
10 µg/ml anti‑Annexin V‑fluorescein isothiocyanate (FITC; 
eBioscience, Inc., San Diego, CA, USA) and propidium iodide 
(PI; eBioscience, Inc.) at 4˚C for 1 h. The degree of apop-
tosis was expressed as the percentage of cells stained with 
Annexin V‑FITC/PI and analyzed by fluorescence activated 
cell sorting using a FACscan flow cytometer (BD Biosciences 
FACScan) and WinList software (version 7.0; Verity Software 
House, Inc., Topsham, ME, USA).

Western blot analysis. The non‑cancerous human bronchial 
epithelial cell line, in addition to the NSCLC A549, H23, 
Calu‑3, H1299 and H460 cell lines, were resuspended in 300 µl 
cell lysis buffer (Cell Signaling Technology, Inc., Danvers, 
MA, USA) with 1X protease inhibitors and 1 mM phenyl-
methanesulfonyl fluoride (Sigma‑Aldrich; Merck KGaA). The 
protein concentration was quantified using a bicinchoninic acid 
protein assay kit (Thermo Fisher Scientific, Inc.). A total of 
40 µg of protein was loaded in each well and run on a 10% 
SDS‑PAGE gel, and the proteins were transferred to polyvi-
nylidene fluoride membranes (Merck KGaA). The membranes 
were blocked with Tris‑buffered saline (TBS) and with TBS 
containing 0.1% Tween‑20 and 5% bovine serum albumin at 
4˚C overnight. Western blotting was performed using primary 

antibodies against EIF5A2 (dilution, 1:500; cat. no. 17069‑1‑AP; 
ProteinTech Group, Inc., Chicago, IL, USA), ww (dilution, 
1:5,000 in 5% milk; cat. no. I‑19; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA), Vimentin (cat. no. 13614), E‑cadherin (cat. 
no. 5296), Ras‑related C3 botulinum toxin substrate 1 (Rac1; 
cat. no. 2465), apoptosis regulator Bcl‑2 (Bcl‑2; cat. no. 2872) 
and myc proto‑oncogene protein (c‑Myc; cat. no. 9402; all dilu-
tions, 1:1,000; Cell Signaling Technology, USA) and incubated 
overnight at 4˚C. Subsequently, the secondary goat anti‑rabbit 
antibodies (1:4,000, cat. no. NEF812001EA; PerkinElmer, Inc., 
Waltham, MA, USA) were added and incubated for 1 h at room 
temperature. The blots were then re‑probed with horseradish 
peroxidase‑conjugated secondary antibody and visualized 
using the SuperSignal West Pico chemiluminescent substrate 
(Pierce; Thermo Fisher Scientific, Inc.). Autoradiographs were 
scanned using ImageQuant LAS 4010 Imaging System (GE 
Healthcare, Chicago, IL, USA) and analyzed semi‑quantita-
tively. All images are representative of at least three separate 
experiments.

Statistical analysis. Quantitative values are presented as the 
mean ± standard deviation. Student's t‑test was performed to 
determine statistically significant differences between groups. 
Statistical analysis was performed using SPSS software 
(version 16.0; SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Table I. Clinicopathological characteristics of patients with non‑small cell lung cancer.

	 EIF5A2 expression level
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological characteristic	 Low (n=21)	 High (n=26)	 P‑valuea

Sex			   1.0000
  Female	   9	 11
  Male	 12	 15
Age, years			   0.5506
  ≤60	   7	 12
  >60	 14	 14
Location of tumor			   0.3806
  Left	   8	 14
  Right	 13	 12
Histology			   0.3881
  Adenocarcinoma	 10	 16
  Squamous cell carcinoma	 11	 10
Tumor size, cm			   0.0175a

  ≤3	 16	 10
  >3	   5	 16
Lymph node metastasis			   0.0200a

  Yes	   7	 18
  No	 14	   8
Clinical stage			   0.7674
  I‑II	 13	 14
  III	   8	 12

aP<0.05.
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Results

EIF5A2 expression is upregulated in NSCLC cells. To assess 
whether or not EIF5A2 is upregulated in NSCLC samples 
and cells, immunohistochemical staining and western blot 
analysis were performed. Immunohistochemical staining 
demonstrated stronger EIF5A2 expression (score: Strong, 5‑6) 
in NSCLC tissue compared with adjacent benign lung tissue 
(score: Negative or weak, 0‑1) (Fig. 1A). A total of 26 patients 
with NSCLC (>50%) exhibited high expression of EIF5A2. 
Western blot analysis demonstrated that the relative EIF5A2 
expression normalized by actin were 0.05±0.03, 0.16±0.02, 
0.19±0.01, 0.22±0.02, 0.62±0.07, 0.56±0.05 in the HBE, 
A549, H23, Calu‑3, H1299 and H460 cell lines, respectively. 
Compared with the benign human bronchial epithelial HBE 
cell line, increased EIF5A2 expression was observed in all 
NSCLC lines (P<0.05), and H1299 and H460 demonstrated 
higher EIF5A2 expression compared with in other NSCLC 
lines (P<0.01; Fig. 1B).

EIF5A2 silencing inhibits cell growth and induces apoptosis 
of NSCLC cells in vitro. EIF5A2 siRNAs (siRNA1, 5 µmol/ml; 
siRNA2, 10 µmol/ml; siRNA3, 15 µmol/ml) were separately 
transfected into H1299 or H460 cells in order to silence EIF5A2 

expression. The silencing efficacy of three concentrations of 
EIF5A2 siRNA was confirmed by western blotting analysis. 
EIF5A2 protein levels normalized by actin were 0.64±0.10, 
0.42±0.06, 0.14±0.02, 0.05±0.01 in NC, siRNA1, siRNA2 and 
siRNA3 groups of the H1299 cell line, respectively; whereas, 
EIF5A2 protein levels were 0.60±0.04, 0.40±0.04, 0.14±0.02 
and 0.05±0.01 in NC, siRNA1, siRNA2 and siRNA3 groups 
of the H460 cell line, respectively. EIF5A2 expression was 
significantly inhibited in the H1299 and H460 cell lines treated 
with EIF5A2 siRNA compared with those treated with control 
siRNA (P<0.05), thus confirming the knockdown (Fig. 2A). 
Following comparison of the knockdown efficiency of three 
concentration of EIF5A2 siRNA, 10 µmol/ml EIF5A2 siRNA 
was chosen for further study.

Cell proliferation was then assessed in H1299 and H460 
cells treated with EIF5A2 siRNA and compared with cells 
treated with control siRNA. The OD values for H1299 cells 
treated with EIF5A2 siRNA were 0.23±0.03, 0.47±0.06, 
0.87±0.08 and 1.47±0.15 at 0, 1, 2 and 3 days, respectively, 
while the OD values for H1299 cells treated with control 
siRNA were 0.23±0.04, 0.42±0.06, 0.67±0.05 and 1.04±0.15. 
For H460 cells treated with EIF5A2 siRNA, the OD values 
were 0.23±0.04, 0.45±0.04, 0.82±0.07 and 1.50±0.10 at 0, 1, 2 
and 3 days, respectively, while for control siRNA transfected 

Figure 1. EIF5A2 expression is upregulated in NSCLC tissues and cells. (A) Immunohistochemical staining of EIF5A2 demonstrated increased EIF5A2 
expression in NSCLC tissue (left) compared with adjacent non‑cancerous tissue (right). Images captures at x200 magnification. (B) Western blot analysis 
demonstrated increased EIF5A2 expression in NSCLC A549, H23, Calu‑3, H1299 and H460 cell lines compared with the human bronchial epithelial HBE cell 
line. *P<0.05, **P<0.01, ***P<0.001. EIF5A2, eukaryotic translation initiation factor 5A; NSCLC, non‑small cell lung cancer.
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cells, the OD values were 0.22±0.03, 0.43±0.05, 0.60±0.06 
and 0.91±0.08, respectively. Cells treated with EIF5A2 siRNA 
exhibited significantly reduced cellular proliferation 3 days 
after transfection compared with the cells treated with control 
siRNA (H1299, P<0.05; H460, P<0.01; Fig. 2B).

The apoptosis rate of cells following transfection was deter-
mined by flow cytometry. At 72 h post‑siRNA transfection, 
the apoptosis rates of the H1299 and H460 cells transfected 
with EIF5A2 siRNA were significantly higher compared with 
those of H1299 and H460 cells treated with control siRNA 

Figure 2. EIF5A2 silencing inhibits cell growth and induces apoptosis of non‑small cell lung cancer cells in vitro. (A) Western blot analysis of EIF5A2 expres-
sion in H1299 and H460 cells transfected with EIF5A2 siRNA (siRNA1, siRNA2 and siRNA3) or control siRNA. β‑actin was used as the loading control. 
*P<0.05, **P<0.01. (B) Cell proliferation assay of H1299 (*P<0.05) and H460 (**P<0.01) cells in which EIF5A2 was suppressed (siEIF5A2) demonstrated 
significantly lower rates of cell proliferation than in the control. (C) Flow cytometry results demonstrated significantly higher rates of apoptosis in H1299 and 
H460 cells treated with the EIF5A2 siRNA (siEIF5A2) compared with cells treated with the control siRNA (*P<0.05). EIF5A2, eukaryotic translation initiation 
factor 5A; NC, control; siRNA, small interfering RNA; OD, optical density; FITC‑A, anti‑Annexin V‑fluorescein isothiocyanate; PI, propidium iodide.

https://www.spandidos-publications.com/10.3892/ol.2018.7832
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(21.22±3.05 and 26.03±2.43 vs. 7.71±1.34 and 8.96±1.41, 
respectively; P<0.05; Fig. 2C).

Knockdown of EIF5A2 inhibits NSCLC cell migration 
and invasion in vitro. Migration and invasion assays were 
performed to assess the effect of EIF5A2 silencing on the 
metastatic capacity of NSCLC cells. H1299 cells treated with 
EIF5A2 siRNA exhibited a significantly decreased ability 
to migrate and invade compared with H1299 cells treated 
with control siRNA (40.43±4.98 vs. 97.00±4.37%; P<0.01) 
and (32.19±4.75 vs. 98.12±5.06%, P<0.01), respectively 
(Fig. 3A). Similarly, H460 cells treated with EIF5A2 siRNA 
demonstrated a significantly decreased ability to migrate and 
invade compared with H460 cells treated with control siRNA 
(40.58±4.38 vs. 99.70±3.46%, P<0.01; Fig. 3B) and (34.04±3.26 
vs. 100.43±5.11%, P<0.01).

EIF5A2 regulates the expression of c‑Myc, Bcl‑2, Rac1 and 
E‑cadherin in NSCLC cells. To investigate the underlying 
molecular mechanism of the effect of EIF5A2 on cell prolif-
eration, apoptosis rate and metastatic capacity, expression 
levels of various proteins were measured. Western blot anal-
ysis revealed that the protein expression levels of Vimentin, 
E‑cadherin, Rac1, Bcl‑2 and c‑Myc normalized to actin were 
0.92±0.02, 0.03±0.02, 0.62±0.22, 0.42±0.22 and 0.49±0.20, 
respectively, in the control group of H1299 cell line; whereas, in 
the siEIF5A2 group they were 0.2±0.08, 0.17±0.05, 0.22±0.03, 
0.22±0.02 and 0.20±0.04, respectively. In the H460 cell line, the 

protein expression levels of Vimentin, E‑cadherin, Rac1, Bcl‑2 
and c‑Myc normalized to actin were 0.96±0.02, 0.10±0.02, 
0.47±0.06, 0.24±0.01 and 0.86±0.04, respectively, in control 
group; whereas, in the siEIF5A2 group they were 0.34±0.10, 
0.23±0.03, 0.16±0.04, 0.14±0.01 and 0.20±0.07, respectively. 
These results demonstrated that H1299 and H460 cells treated 
with EIF5A2 siRNA expressed lower levels of Vimentin, Rac1, 
Bcl‑2 and c‑Myc, and higher levels of E‑cadherin compared 
with the H1299 and H460 cells treated with control siRNA 
(P<0.05; Fig. 4).

Discussion

EIF5A2 has been implicated in a number of cancers, including 
bladder cancer, colorectal cancer, pancreatic adenocarcinoma, 
esophageal squamous cell carcinoma, gastric adenocarci-
noma, breast cancer, prostate adenocarcinoma, hepatocellular 
carcinoma, ovarian cancer and melanoma (9,14‑22). Patients 
with esophageal squamous cell carcinoma, bladder cancer and 
pancreatic adenocarcinoma in which EIF5A2 is overexpressed 
have been demonstrated to exhibit statistically significantly 
shorter survival times (14,17,20). Furthermore, patients with 
hepatocellular carcinoma in which EIF5A2 is overexpressed 
have a greater number of metastases and are more likely to 
present with venous invasion (23,24). These effects on survival 
times suggest that EIF5A2 is not only important in malig-
nant transformation, but also may serve as a driver of tumor 
progression.

Figure 3. Knockdown of EIF5A2 inhibits NSCLC cell migration and invasion in vitro. (A) H1299 cells in which EIF5A2 was suppressed (siEIF5A2) exhibit 
significantly lower rates of migration (upper panel) and invasion (lower panel) than the control (**P<0.01). (B) H460 cells treated with EIF5A2 siRNA 
(siEIF5A2) exhibited significantly lower rates of migration (upper panel) and invasion (lower panel) than the control (**P<0.01). EIF5A2, eukaryotic translation 
initiation factor 5A; NSCLC, non‑small cell lung cancer; NC, control; siRNA, small interfering RNA.
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Previous studies have demonstrated that EIF5A2 
exhibits its tumorigenic effects via activation of the phos-
phoinositide‑3‑kinase/Rac‑α serine/threonine‑protein kinase 
signaling pathway (15,25) and its induction of matrix metal-
loproteinase 2 protein expression (26). In addition, EIF5A2 
reduces expression of E‑cadherin and increases expression 
of Vimentin (26,27), and may activate transforming protein 
RhoA precursor/Rac1 signaling pathways (24). Additionally, a 
previous study identified zinc finger protein Gli1 as a putative 
transcription factor for EIF5A2 (28).

Data from the present study demonstrated that EIF5A2 
was overexpressed in NSCLC cells compared with cells from 
adjacent non‑cancerous lung tissues, which is in agreement 
with the results of previous studies  (11,13). NSCLC cells 
treated with EIF5A2 siRNA exhibited significantly reduced 
proliferation, significantly increased rates of apoptosis, and 
significantly reduced abilities to migrate and invade. In addi-
tion, the underlying molecular mechanisms by which EIF5A2 
exhibits its effects were investigated. In NSCLC cells treated 
with EIF5A2 siRNA, the expression of the tumorigenic 
proteins Rac1, Bcl‑2, and c‑Myc was decreased compared with 

that of NSCLC cells treated with control siRNA. Rac1 has 
been widely implicated in cancer cell invasion and metastasis, 
Bcl‑2 has been demonstrated to be an anti‑apoptotic protein 
that can promote tumorigenesis and Myc overexpression 
stimulates gene amplification, potentially by stimulating DNA 
replication (29‑31). Furthermore, in NSCLC cells treated with 
EIF5A2 siRNA in the present study, the anti‑malignant protein 
E‑cadherin was overexpressed, and the EMT marker Vimentin 
was downregulated compared with the expression levels found 
in the NSCLC cells treated with control siRNA.

The results from the present study suggest that EIF5A2 
may serve as a therapeutic target for the treatment of NSCLC, 
for which an EIF5A2 siRNA may be effective. SiRNA is not 
widely used due to challenges with successfully delivering the 
siRNA to the tumor; however, a previous study demonstrated 
that not only was delivery of EIF5A2 interference RNA to a 
tumor in vivo possible, but that it also resulted in tumor suppres-
sion (14). The aforementioned study examined the effects of 
EIF5A2 siRNA on bladder cancer, therefore further research 
is required to confirm that EIF5A2 siRNA could be delivered 
to NSCLC cells in vivo. Using EIF5A2 siRNA as a treatment 
is also limited by potential side effects. EIF5A2 silencing in 
non‑target benign tissue could cause unanticipated side effects 
and such side effects would require thorough investigation 
prior to the wide use of siRNA as a therapy for NSCLC.

Other types of treatment that inhibit EIF5A2 may prove 
more technically feasible in terms of their ability to reach 
a tumor in vivo. MicroRNA‑30b (miR‑30b) and miR‑125b 
have been demonstrated to suppress gastric adenocarcinoma 
cells and hepatocellular carcinoma cells respectively via 
their direct inhibitory effects on EIF5A2 translation (20,22). 
Therefore, any compound that increases miR‑30b 
and/or miR‑125b transcription has the potential to serve as 
a successful therapy for NSCLC. In addition, the compound 
N1‑guanyl‑1,7‑diaminoheptane (GC7) is a direct EIF5A2 
inhibitor and therefore has the potential to be an effective 
therapy for NSCLC (17‑19,21).

While EIF5A2 inhibitors have the potential to serve as 
individual targeted chemotherapeutics, a successful therapy 
regimen may require the inclusion of a mix of targeted and 
more traditional drugs. Prior studies have demonstrated that 
EIF5A2 inhibition lowers the chemoresistance of colorectal 
cancer cells to doxorubicin, breast cancer cells to doxoru-
bicin (18), hepatocellular carcinoma cells to 5‑fluorouracil (32), 
hepatocellular carcinoma cells to doxorubicin (33), bladder 
cancer cells to doxorubicin (34) and esophageal squamous cell 
carcinoma cells to 5‑fluorouracil, docetaxel and taxol (35). 
While this effect on chemoresistance would require confirma-
tion in NSCLC cells, these prior results suggest that the role of 
EIF5A2 inhibitors in NSCLC treatment may be adjunctive as 
opposed to primary in nature.

Additionally, EIF5A2 could serve as a marker of disease 
severity; EIF5A2 has been suggested to be a potential 
biomarker for esophageal squamous cell carcinoma  (24) 
and melanoma  (23). Data from the present study revealed 
that NSCLC cells that overexpressed EIF5A2 exhibited a 
greater malignant tendency compared with NSCLC cells 
that expressed lower levels of EIF5A2. Therefore, the level of 
EIF5A2 expression in a patient's tumor may predict the aggres-
siveness of that tumor. In a patient, EIF5A2 levels would have 

Figure 4. EIF5A2 regulates the expression of c‑Myc, Bcl‑2, Rac1 and 
E‑cadherin in non‑small cell lung cancer cells. (A) Western blot analysis and 
(B) quantification of the western blots demonstrated reduced expression of 
Rac1, Bcl‑2, and c‑Myc, and increased expression of E‑cadherin in H1299 
and H460 cells treated with the EIF5A2 siRNA (siEIF5A2) compared with 
cells treated with control siRNA. Rac1, Ras‑related C3 botulinum toxin 
substrate 1; Bcl‑2, apoptosis regulator Bcl‑2; c‑Myc, myc proto‑oncogene 
protein; EIF5A2, eukaryotic translation initiation factor 5A; NC, control; 
siRNA, small interfering RNA. *P<0.05.
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to be determined via biopsy, although if the protein is secreted 
in the blood, serum tests may also prove useful. Patients with 
aggressive tumors expressing high levels of EIF5A2 could be 
treated with more aggressive therapeutic strategies, including 
pneumonectomy or lobectomy with mediastinal lymph node 
dissection, or prolonged chemotherapeutic regimens. Patients 
with less aggressive tumors expressing lower levels of EIF5A2 
could be treated more conservatively, with less aggressive 
chemotherapeutics or less extensive resections.

In the present study, five NSCLC cell lines (A549, H23, 
Calu‑3, H1299 and H460) were examined. All the cell lines 
overexpressed EIF5A2 compared with the non‑cancerous 
human bronchial epithelium HBE cell line; however, H1299 
and H460 cells expressed the greatest amount of EIF5A2 
compared with the other NSCLC cell lines. Subsequent experi-
ments in the present study were then performed on the H1299 
and H460 cell lines only. Therefore, while the present study 
has demonstrated that silencing of EIF5A2 has an inhibitory 
effect on the malignant potential of cells from the H1299 and 
H460 cell lines, this may not be the case for other NSCLC cell 
lines. Different tumor cells can exhibit different phenotypic 
characteristics, leading to heterogeneity in tumors, therefore, 
while EIF5A2 may serve as a potential therapeutic target or 
marker of disease severity for certain patients with NSCLC's, 
it may not do so for other patients.

The data from the present study suggest that EIF5A2 serves 
as a tumorigenic protein in NSCLC primarily by increasing 
cell proliferation, inhibiting apoptosis and promoting metas-
tasis. Knockdown of EIF5A2 reverses these tumorigenic 
effects, suggesting that EIF5A2 inhibitors may serve as effec-
tive therapies for NSCLC.
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