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Abstract. Lung cancer is a leading cause of cancer-associated 
mortality and morbidity worldwide. Previous studies have 
suggested that ATP-binding cassette transporter E1 (ABCE1) 
acetylation is upregulated in the tissues and cells of lung 
cancer and is associated with the prognosis of patients with 
lung cancer. The aim of the present study was to investigate 
the association between Tat interactive protein 60 kDa (Tip60) 
expression and ABCE1 acetylation, and the effect of Tip60 on 
the biological functions of A549 lung carcinoma cells. The 
expression levels of Tip60 and ABCE1 acetylation were exam-
ined using western blot and co-immunoprecipitation (Co-IP) 
assays in normal bronchial epithelial (HBE) and human lung 
cancer (A549) cells. The expression of Tip60 then was down-
regulated in A549 cells using small interfering RNA. Wound 
healing and Transwell assays were used to assess cell invasion 
and migration. The biological effects of Tip60 in lung cancer 
cells were investigated using MTT and flow cytometric assays. 
Subsequently, tumor xenografts were established to observe the 
effect of Tip60 on lung cancer in vivo. Western blot and Co-IP 
assays were performed to investigate the mechanism of Tip60 
in A549 cells. Tip60 expression and ABCE1 acetylation were 
upregulated in the lung cancer cells compared with the normal 
bronchial epithelial cells. Downregulation of Tip60 decreased 
the acetylation of ABCE1 and inhibited cell proliferation, 
invasion and migration. Furthermore, the downregulation 
of Tip60 activated the apoptotic pathway in order to achieve 
its suppressive function. In the xenografts, the tumor weight 
and volume were notably reduced due to the downregulation 
of Tip60 expression. The results of the present study strongly 
suggest that Tip60 is a novel target in the prevention and treat-
ment of lung cancer.

Introduction

Lung cancer is one of the most common types of malignancy 
and it had the highest mortality rate globally of all types of 
cancer among males (1). In 2011, >1.6 million novel lung 
cancer cases were diagnosed and ~1.3 million patients with 
lung cancer succumbed to the disease worldwide (2). Although 
therapeutic advances, including surgical resection and chemo-
radiotherapy, have improved the prognosis of patients with 
lung cancer, the overall survival rates and quality of life remain 
unsatisfactory. The migration and invasion of cancer cells that 
results in metastasis presents the greatest challenge to clinical 
therapy (3). Hence, investigation of the molecular mechanisms 
of lung cancer cell invasion and migration may provide novel 
evidence to improve clinical therapy.

ATP-binding cassette transporter E1 (ABCE1) is a member 
of the ATP-binding cassette transporter family (4). Binding 
of the ABCE1 protein with the translation initiation factor, 
prolongation factor or termination factor serves an important 
function in promoting the recycling of ribosomes (5,6). A 
number of studies have confirmed that ABCE1 is associated 
with the proliferation, apoptosis, migration and invasion of 
lung cancer cells (4,7). However, the mechanism of ABCE1 in 
the occurrence of lung cancer remains unknown, to the best of 
our knowledge.

Acetylation modification of proteins participates in a 
number of biological processes, including genetic transcrip-
tion, protein-protein interaction, protein stability, and cell 
proliferation, migration and differentiation (8). Acetylation 
of proteins may influence their capacity to bind with DNA 
and their activity and stability, thus resulting in the occur-
rence of cancer and changing the biological behaviors of 
tumor cells (9,10). Acetylation or deacetylation of enzymes 
may affect their transcriptional activity and result in various 
dysfunctions of genes and proteins, inducing diseases associ-
ated with the migration and invasion of cancer cells (11). In a 
previous study, it was demonstrated that the acetylation rate 
of ABCE1 was associated with the TNM stage and lymph 
node metastasis (12). However, whether the acetylation of the 
ABCE1 gene is associated with the occurrence of lung cancer 
remains unknown to the best of our knowledge.

The HIV-1 Tat interactive protein (Tip60) is a lysine acet-
yltransferase and a member of the MYST family of histone 
acetyltransferases (13). A previous study revealed that the 
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Tip60-histone acetyltransferase complex has a critical role 
in DNA repair and apoptosis and that Tip60 binds to histone 
H3 trimethylated at lysine 9 to activate ataxia telangiectasia 
mutant kinase (14). Tip60 was demonstrated to be significantly 
associated with 5-year disease-free survival of patients with 
primary melanoma or metastatic melanoma (15). In addition, 
it has been demonstrated that the Tip60 haploinsufficiency 
observed in breast and prostate cancer allows Tip60 to func-
tion as an oncogene (16). The aim of the present study was to 
investigate how Tip60 may interact with ABCE and whether 
Tip60 could be a valuable diagnostic and prognostic biomarker 
and potential therapeutic agent for lung cancer.

Materials and methods

Cell culture and cell lines. The human lung cancer A549 cell 
line and the immortalized human bronchial epithelial HBE 
cell line (as normal control cells) were obtained from the 
American Type Culture Collection (Manassas, VA, USA). The 
cells were cultured in RPMI-1640 with 10% fetal bovine serum 
(FBS; both Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), 100 U/ml penicillin and 100 µg/ml streptomycin 
and maintained in an incubator at 37˚C and 5% CO2.

Bioinformatics analysis. In order to confirm which enzyme 
is responsible for the acetylation of ABCE1, an acetylation 
set enrichment based (ASEB) computer program (http://cmbi.
bjmu.edu.cn/huac/predict) (17) was used. ASEB can predict 
not only the acetylation state, but also the responsible lysine 
(K)-acetyl-transferase (KAT) family. The prediction method 
was initially established based on the sequence similarity 
principle. To predict whether lysine sites within a given protein 
sequence can be acetylated by specific KAT families, the KAT 
family of interest was initially selected.

Transfection. The sequence of the target gene Tip60-small 
interfering RNA (siRNA) was as follows: 5'-GGG CAC CAT 
CTC CTT CTT TdT dT-3'. A549 cells were seeded in 6-well 
plates at a density of ~3x105 cells/well. A single cell suspen-
sion was prepared using the cells in the logarithmic growth 
phase and they were washed with RPMI-1640 without FBS 
twice. The cells were incubated without FBS for 4 h at 37˚C. 
The lentivirus-based Tip60-siRNA expression system (Si-1) 
and the negative scrambled control (Si‑N; 5'‑CAA CAA GAT 
GAA GAG CAC CdT dT-3') were purchased from Guangzhou 
RiboBio Co., Ltd. (Guangzhou, China). Cell infection was 
performed using the riboFECT™ CP Transfection kit 
(Guangzhou RiboBio Co., Ltd.) according to the manufac-
turer's protocol. Briefly, a total of 5 µl 20 µM siRNA was 
added into 120 µl 1X riboFECT™ CP Buffer, and the mixture 
incubated for 5 min at 37˚C. Subsequently, 12 µl riboFECT™ 
CP Reagent was added into the mixture and it was incubated 
for 15 min at 37˚C. The riboFECT™ CP mixture was diluted 
with 1,863 µl RPMI-1640 to a total volume of 2 ml. The cells 
were cultured for a further 48 h, at which point the subsequent 
experiments were performed. The blank control group (N) 
consisted of untransfected A549 cells.

Co‑immunoprecipitation (Co‑IP). A549 and HBE cells were 
lysed on ice with radioimmunoprecipitation assay (RIPA) 

buffer (Thermo Fisher Scientific, Inc.) and equal amounts of 
protein (500 µg) from the whole cell extracts were pre-cleared 
with protein A/G agarose beads (Thermo Fisher Scientific, Inc.) 
at 4˚C for 2 h. Subsequently, the protein was incubated with 
Immunoglobulin G (control antibody, dilution, 1:1,000; cat. no. 
ab172730; Abcam, Cambridge, MA, USA) or ABCE1 antibody 
(dilution, 1:500; cat. no. ab185548; Abcam) for 24 h at 4˚C 
with gentle shaking. The beads were washed 3 times with 1 ml 
RIPA buffer, and the immune complexes were eluted by boiling 
at 100˚C for 5 min in 2X SDS‑containing sample buffer. The 
beads were then washed 3 times using PBS, and 50 µg protein 
per lane was resolved using SDS-PAGE (10% gel) followed 
by immunoblotting with anti-acetyl lysine antibody (dilution, 
1:5,000; cat. no. ab185548; Abcam) overnight at 4˚C.

Western blotting. Cells were lysed on ice for 20 min with RIPA 
buffer and the protein concentration was assessed using a BCA 
kit (Beyotime Institute of Biotechnology, Haimen, China). The 
cell lysates (Si-1, Si-N and N) and immunocomplexes were 
resolved using 12% SDS-PAGE and electronically transferred 
onto polyvinylidene fluoride membranes (EMD Millipore, 
Billerica, MA, USA). Following blocking at 4˚C overnight with 
5% non-fat milk in Tris-buffered saline with 0.1% Tween-20, 
the membranes were incubated with primary antibodies 
against ABCE1 (dilution, 1:5,000; cat. no. ab185548; Abcam), 
GAPDH (dilution, 1:10,000; cat. no. AP0063; Bioworld 
Technology, Inc., St. Louis Park, MN, USA), cyclin-dependent 
kinase inhibitor 1A (dilution, 1:3,000; cat. no. ab109520; 
Abcam), caspase 3 (dilution, 1:5,000; cat. no. ab13847; Abcam), 
MDM2 proto‑oncogene (dilution, 1:3,000; cat. no. ab38618; 
Abcam) and B cell leukemia/lymphoma 2 (dilution, 1:500; 
cat. no. ab32124; Abcam) at 4˚C overnight. Subsequently, the 
membranes were washed three times with TBST buffer. The 
membranes were then incubated with anti-rabbit (dilution, 
1:10,000; cat. no. ab150077; Abcam) or anti‑mouse (dilution, 
1:10,000; cat. no. ab150113; Abcam) secondary antibodies 
conjugated to horseradish peroxidase (EMD Millipore) at 
room temperature for 2 h. The bands were visualized using 
enhanced chemiluminescence (Thermo Fisher Scientific, Inc.) 
Densitometry was calculated using Quantity One software 
4.6.2 (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Cell proliferation assay. Cells (Si-1, Si-N and N) were seeded 
in a 96-well plate at a density of 5x103 cells/well. After 
12, 24, 48 and 72 h, 50 µl 1X MTT (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) solution was added to each well 
and they were incubated for 4 h at 37˚C. Following centrifuga-
tion for 5 min at 1,000 x g, the supernatant was eliminated 
and 150 µl dimethyl sulfoxide (Beijing Solarbio Science & 
Technology Co., Ltd, Beijing, China) was added. The wells 
were incubated at room temperature for 3 h. Subsequently, the 
optical density was detected at 570 nm to form a cell prolifera-
tion curve.

Flow cytometric assays of cell apoptosis. The apoptosis of the 
three groups of cells (Si-1, Si-N and N) was assessed using 
flow cytometry. The cells were collected following 48 h of 
transfection, digested by trypsin without EDTA, and then PBS 
was used to wash them three times. Subsequently, the cells 
were collected and fixed in 70% ethanol overnight at 4˚C, and 
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then they were centrifuged for 5 min at 300 x g three times 
in 4˚C. Cells (5x105) were suspended in 100 µl 1X Binding 
Buffer (part of the Annexin V FITC Apoptosis Detection 
kit II; BD Biosciences, San Jose, CA, USA) and mixed with 
5 µl annexin V‑fluorescein isothiocynate (Annexin V FITC 
Apoptosis Detection kit II; BD Biosciences) and 5 µl prop-
idium iodide (PI; Becton, Dickinson and Company, Franklin, 
Lakes, NJ, USA) at room temperature. The mixture was then 
incubated for 15 min at 25˚C. Subsequently, 400 µl 1X Binding 
Buffer (Annexin V FITC Apoptosis Detection Kit II) was 
added to each tube and the samples were evaluated using flow 
cytometry. The data were analyzed with CellQuest software 
version 5.1 (BD Biosciences).

Wound healing assay. Cells of the three groups (Si-1, Si-N and 
N) were plated in 6-well plates (5x103 cells/ml per well) with 
RPMI-1640 and 10% FBS. After 24 h, the cells were serum 
deprived and scratched with a 200-µl plastic pipette tip to 
create a linear wound. The monolayer was washed twice with 
PBS to remove debris and detached cells, and then the cells 
were exposed to serum‑free medium at 37˚C and 5% CO2. The 
wound was observed under an inverted microscope (Leica 
Microsystems GmbH, Wetzlar, Germany) at x100 magnifica-
tion at 0, 24 and 48 h. The results are expressed as a spread 
index, which was determined as follows: Distance migrated by 
the Si-1-treated cells relative to the distance migrated by the 
Si-N-treated cells.

Transwell experiments. Migration assays of the A549 cells 
were performed using a Transwell chamber (8‑µm pore size; 
Corning, Inc., Corning, NY, USA). A549 cells of the three 
groups (Si-1, Si-N and N) were seeded (2.5x105 cells per 
chamber) into the upper chamber with 1% FBS RPMI-1640 
medium. The lower chamber was loaded with RPMI-1640 
medium supplemented with 10% FBS. Following incuba-
tion for 24 h at 37˚C in 5% CO2, the cells on the upper 
surface of the filters were removed using cotton swabs. All 
of the migrated cells were fixed at 25˚C with 4% parafor-
maldehyde for 15 min and then stained for 5 min at room 
temperature with 1% crystal violet solution. Cell migration 
was quantified by counting the number of stained cells 
per field in 10 random fields for each chamber under an 
epifluorescence inverted microscope (magnification, x100). 
Identical chambers coated with Matrigel were used to deter-
mine the invasive potential.

Animal study. A total of 12 female NOD/Scid mice (age, 
6‑8 weeks; weight range, 18‑22 g) were purchased from Beijing 
Vital River Laboratory Animal Technology Co., Ltd. (Beijing, 
China) and housed at a humidity of 55% and a temperature 
of 26˚C with a 12‑h light/dark cycle and ad libitum access to 
food and water. The mice were maintained in a pathogen-free 
facility. The mice were randomly divided into Si-1, Si-N and N 
groups (n=4 per group). A549 cells (5x104 cells) infected with 
Si-1 or Si-N or untransfected cells were injected into the right 
buttock of each mouse. The tumor volumes were measured 
every 4 days. Following 1 month, the mice were sacrificed 
by cervical dislocation and the tumors were dissected 
and weighed. All animal experiments were performed in 
accordance with the AVMA guidelines and the guidelines 

established by China Medical University (Shenyang, China). 
The present protocol was approved by the Animal Welfare and 
Research Ethics Committee of China Medical University.

Statistical analysis. Statistical analysis was performed using 
SPSS software version 19.0 (IBM Corp., Armonk, NY, USA). 
The measurement data are presented as the mean ± standard 
deviation or standard error. Two-group continuous variable 
comparisons were performed using an unpaired Student's t-test 
and multiple group comparisons were performed using one-way 
analysis of variance followed by Student-Newman-Keuls test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Tip60 regulates ABCE1 acetylation in HBE and A549 cells. 
Co‑IP and western blotting were used to confirm the acety-
lation of ABCE1 in A549 and HBE cells. As presented in 
Fig. 1A and B, the acetylation of ABCE1 was significantly 
upregulated in the A549 cells compared with the HBE cells 
(P<0.01). In order to investigate the enzyme that regulates 
the acetylation of ABCE1, ASEB was used to predict that 
Tip60 has the potential to bind to ABCE1 (data not shown). 
Western blot analysis and Co-IP were subsequently used to 
determine that the protein expression levels of Tip60 were 
significantly reduced in the HBE cells compared with those 
in the A549 cells (P<0.01; Fig. 1A and C). RNA interference 
was then used to knockdown Tip60 in the A549 cells. The 
results demonstrated that the Tip60 expression levels were 
significantly reduced in the cells transfected with Si‑1 siRNA 
compared with those in the cells transfected with the negative 
control Si‑N siRNA (P<0.01; Fig. 1D and E). Consistent with 
a previous study (18), the Si‑1 siRNA significantly inhibited 
Tip60 expression and reduced ABCE1 acetylation compared 
with the Si‑N and N groups (P<0.01; Fig. 1D and F). 
Collectively, the results indicate that Tip60 directly regulates 
the acetylation of ABCE1.

Tip60‑siRNA suppresses A549 cell proliferation, invasion 
and migration and induces cancer cell apoptosis. In order 
to assess the influence of Tip60 on cell proliferation in 
lung cancer, an MTT assay was performed. The cells were 
transfected with siRNA against Tip60 and a negative control. 
The proliferative ability of the Si-1-transfected cells was 
lower compared with that of the Si-N-transfected cells at 
48 and 72 h. The MTT assay demonstrated that A549 cell 
proliferation was markedly suppressed by Si-1 siRNA at 72 h 
(P<0.05; Fig. 2A). Wound healing and Transwell assays were 
performed to evaluate the suppressive effect of Tip60-siRNA 
in lung cancer cells. As expected, there was a marked reduc-
tion in the wound healing, migration and invasion of the 
A549 cells transfected with Si-1 siRNA when compared 
with the control cells (P<0.01; Fig. 2B‑D). Downregulation 
of Tip60 expression and acetylation of ABCE1 inhibits 
tumor growth. In order to further elucidate how Tip60 and 
ABCE1 acetylation suppress tumor growth, flow cytometry 
combined with annexin V-FITC/PI staining was used to 
analyze cell apoptosis. Notably, the results indicated that cell 
apoptosis was significantly increased in the cells transfected 
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with Si‑1 siRNA compared with the control groups (P<0.05; 
Fig. 2E and F).

Tip60‑siRNA activates the apoptotic pathway. Western blot-
ting was used to investigate the genes involved in the apoptotic 
pathway. Downregulating the expression of Tip60 in the 
A549 cells markedly inhibited MDM2 and BCL2 expres-
sion compared with the control cells (Fig. 3). Furthermore, 
downregulation of Tip60 increased the expression levels of 
the apoptosis-associated protein p21 and cleaved-caspase 3 in 
the A549 cells (Fig. 3). Collectively, the results indicate that 

downregulation of Tip60 expression directly activates the 
apoptotic pathway to suppress tumor cell proliferation, inva-
sion and migration.

Tip60‑siRNA inhibits lung cancer growth in vivo. To confirm 
whether Tip60 siRNA may serve the same function in the 
suppression of tumor growth in vivo, a subcutaneous xenograft 
model was used. Consistent with the in vitro results, downregula-
tion of Tip60 expression significantly reduced the tumor weight 
(P<0.01) and markedly decreased the tumor volume compared 
with the mice injected with control cells (Fig. 4A and B).

Figure 1. Tip60 regulates ABCE1 acetylation in HBE and A549 cells. (A) Western blotting and co-immunoprecipitation assays were used to determine Tip60 
expression and ABCE1 acetylation. The protein expression of (B) Tip60 and (C) acetylated ABCE1 were quantified. Compared with the A549 cells, Tip60 
expression and ABCE1 acetylation were downregulated in the HBE cells. (D) Tip60 expression and ABCE1 acetylation were significantly reduced in cells 
transfected with siRNA. The protein expression of (E) Tip60 and (F) acetylated ABCE1 in the transfected cells was quantified. **P<0.01 as indicated. Tip60, 
Tat interactive protein 60 kDa; ABCE1, ATP‑binding cassette transporter E1; Ac‑, acetylated; Si‑1, cells transfected with Tip60‑siRNA; Si‑N, cells transfected 
with negative control siRNA; N, untransfected cells; siRNA, small interfering RNA.
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Discussion

Lung cancer is one of the most common types of tumor, 
with increasing rates of incidence and mortality globally (2). 
Previously, chemotherapy, radiotherapy and surgery have been 
used to treat patients with lung cancer; however, traditional 
treatments have a low remission rate for patients with advanced 
cancer and often result in negative side effects, including 
anemia and multiple organ dysfunction syndrome (19). Now 
that there is a greater understanding of oncogenes, targeted 
therapies have provided a better choice for patients with 
advanced cancer. However, resistance and other problems 
that emerge from targeted therapies in lung cancer exist. 
Furthermore, a greater number of target genes and mecha-
nisms require elucidation to improve the clinical treatment for 
lung cancer (20).

There are various types of protein modifications, including 
acetylation, methylation, ubiquitination and phosphorylation, 
which heritably regulate gene expression. Acetylation is 
involved in the majority of cellular biological processes (21). 
The current evidence indicates that protein acetylation partici-
pates in almost all normal vital processes in a cell and serves 

Figure 3. Tip60-siRNA activates the apoptotic pathway. Western blot analysis 
of Tip60, MDM2, P21, BCL2, caspase 3, cleaved caspase-3 and GAPDH in 
the A549 cells following transfection with Si-1 or Si-N. Tip60, Tat interac-
tive protein 60 kDa; MDM2, MDM2 proto‑oncogene; p21, cyclin‑dependent 
kinase inhibitor 1A; BCL2, B cell lymphoma 2; Si‑1, cells transfected with 
Tip60‑siRNA; Si‑N, cells transfected with negative control siRNA; N, 
untransfected cells; siRNA, small interfering RNA.

Figure 2. Tip60-siRNA suppresses A549 cell proliferation, invasion and migration and induces apoptosis. (A) The proliferation rate of the Si-1, Si-N and N 
groups of cells was investigated using an MTT assay. *P<0.05 vs. the Si-N group. (B) Tip60 downregulation inhibited the wound healing ability of the A549 
cells. (C) Downregulation of Tip60 expression reduced cell migration and invasion, as observed via a Transwell assay with and without Matrigel. Scale bar, 
200 µm. (D) The spread index of the wound healing assay was quantified. Experiments were performed in triplicate. **P<0.01 vs. the Si-N group. (E) Decreased 
Tip60 expression induced apoptosis of the A549 cells. (F) The quantified rate of apoptosis. **P<0.05 vs. the Si‑N group. Tip60, Tat interactive protein 60 kDa; 
Si‑1, cells transfected with Tip60‑siRNA; Si‑N, cells transfected with negative control siRNA; N, untransfected cells; siRNA, small interfering RNA.
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a notable role in initiating a number of events in certain types 
of cancer by altering gene expression, including regulation 
of oncogenes and/or tumor suppressors (22-25). Acetylation 
or deacetylation may influence a wide range of intracellular 
biological functions, including chromatin stability, the cell 
cycle, gene transcription and DNA damage repair (9,10). The 
pathways of non-histone acetylation serve an essential function 
in tumorigenesis (26). Previous studies have demonstrated that 
certain types of acetylase may facilitate growth, invasion and 
chemotherapy resistance of prostate, bladder and lung cancer 
cells (27,28). As an important member of the MYST family, 
Tip60 serves a particular role in the acetylation of certain 
transcription factors and non-histone proteins (12). Tip60 may 
acetylate K73/K76 of the important transcriptional activator 
Twist and induce it to bind with bromodomain containing 
protein 4, which is a member of the bromodomain and 
extra-terminal family of proteins. This further activates the 
expression of Wnt family member 5A and thereby upregulates 
breast cancer cell invasion and tumorsphere formation (29). 
In prostate cancer, Tip60 promotes cancer cell proliferation 
via translocation of the androgen receptor into the nucleus, 
and Tip60 silencing arrests the cell cycle at the G1 phase (18). 
Additionally, Tip60 regulates the MYC proto-oncogene and 
amplification of bHLH transcription factors, and participates 
in events that result in tumorigenesis in various types of 
human cancer (30). A previous study demonstrated that Tip60 
inhibitor may induce cell apoptosis to suppress gastric cancer 
cell proliferation by increasing the levels of activated caspase-3 
and caspase-9 (11). Additionally, Tip60 inactivation reduces 
the non-histone acetylation levels of certain transcription 
factors in a DNA‑recovered defective nucleus, thus influencing 
DNA repair and gene mutation and causing cancer (31). In the 
present study, it was revealed that downregulation of Tip60 
may inhibit cancer cell migration and invasion, which is 
consistent with the results of a previous study (19).

ABCE1 exerts a broad range of functions, which are mainly 
involved in the translocation of substrates across membranes, 
but are also involved in translation, DNA repair and chromo-
some maintenance (5). It has been confirmed that ABCE1 
is involved in cell proliferation and anti-apoptotic activity 
and serves an important role in the translation process (32). 
Based on the functions of the ABCE1 gene, a previous study 
suggested that the ABCE1 gene is associated with tumor 

formation, prognosis and metastasis (7). It has been demon-
strated that when the ABCE1-silencing gene is transfected into 
tumor cells, there is a substantial change in their proliferation 
and apoptosis (33). A previous study revealed that the expres-
sion levels of the ABCE1 protein in lung carcinoma tissues 
and metastatic lymph nodes are higher compared with those in 
normal tissues (7). However, how the ABCE1 gene functions as 
a tumor-associated gene that induces the invasion and migra-
tion of tumor cells in lung adenocarcinoma remains unknown. 
As Tip60 regulates a number of other genes, including EPC1 
and DMAP1, and participates in cancer recurrence, further 
studies are required to fully elucidate the mechanism (34).

The present study, to the best of our knowledge, is the first 
to demonstrate that ABCE1 is acetylated in lung adenocarci-
noma cells and that acetylation of ABCE1 is rare in normal 
bronchial epithelial cells, indicating that the occurrence, 
development and migration of lung adenocarcinoma may be 
closely associated with acetylation of the ABCE1 protein. 
Furthermore, a Co-IP assay demonstrated that downregulation 
of Tip60 reduces ABCE1 acetylation significantly. The results 
suggest that ABCE1 acetylation may be regulated by the 
catalytic effect of Tip60 and thereby influence the biological 
behaviors of tumor cells. An MTT assay and xenograft model 
were used to assess whether knockdown of Tip60 expression 
and ABCE1 acetylation were able to inhibit lung cancer cell 
proliferation and growth in vitro and in vivo. A wound healing 
and Transwell assay demonstrated that the migration and inva-
sion abilities of lung adenocarcinoma cells were significantly 
reduced when ABCE1 acetylation was decreased by the down-
regulation of Tip60. Additionally, western blotting and flow 
cytometric analysis indicated that Tip60 performs functions 
via activating the apoptotic pathway. However, although the 
present study demonstrated that the acetylation of ABCE1 is 
regulated by Tip60, further studies are required in order to 
identify the binding site of Tip60. Furthermore, the mecha-
nism by which ABCE1 acetylation regulates the apoptotic 
pathway of tumor cells remains to be elucidated.

The present study is, to the best of our knowledge, the first 
to suggest that occurrence and development of lung cancer 
are associated with the acetylation of the ABCE1 protein. 
Furthermore, the present study revealed that downregulation 
of Tip60 reduces ABCE1 acetylation and induces apoptosis of 
tumor cells. Tip60 may be a key molecule regulating ABCE1 

Figure 4. Tip60-siRNA inhibits A549 cell tumor formation and growth. (A) Images of the xenograft tumors from mice injected with Si-1, Si-N or N cells. 
Following injection of the A549 cells for 30 days, the mice were sacrificed and the xenograft tumors were collected. (B) The tumor weight of the subcutaneous 
xenografts and growth curves of the tumor volume. **P<0.01 vs. the Si‑N group. Si‑1, cells transfected with Tat interactive protein 60 kDa‑siRNA; Si‑N, cells 
transfected with negative control siRNA; N, untransfected cells; siRNA, small interfering RNA.
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acetylation in lung cancer cells and therefore may be a prom-
ising therapeutic target in advanced lung cancer.
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