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Abstract. Activating transcription factor 2  (ATF2) is a 
member of the cAMP response element binding protein family 
that heterodimerizes and activates other transcription factors 
involved in stress and DNA damage responses, growth, differen-
tiation and apoptosis. ATF2 has been investigated as a potential 
carcinogenic biomarker in certain types of cancer, such as 
melanoma. However, its function and clinical significance in 
non‑small cell lung cancer (NSCLC) has not been well studied. 
Therefore, the present study aimed to analyze the associa-
tion between ATF2/phosphorylated (p)‑ATF2 expression and 
NSCLC malignant behavior, and discuss its clinical signifi-
cance. Reverse transcription‑quantitative polymerase chain 
reaction and western blotting were used to detect the expres-
sion of ATF2 in NSCLC cell lines and fresh NSCLC tissue 
samples. In addition, immunohistochemistry (IHC) was 
performed to identify the location and expression of ATF2 and 
p‑ATF2  (threonine  71) in paraffin‑embedded sections of 
NSCLC and adjacent normal tissue. The results demonstrated 
that ATF2 was markedly overexpressed in the NSCLC cells 
and significantly overexpressed in the fresh NSCLC tissues 
compared with the control cells and samples (86 paraffin-
embedded tissue sections), respectively (P<0.01). Further data 
demonstrated that ATF2 expression levels were significantly 
increased in tumor tissues compared to normal tissues and ATF2 
was located in the cytoplasm and nucleus. ATF2 expression was 
closely associated with adverse clinical characteristics such as 
TNM stage (P=0.002), tumor size (P=0.018) and metastasis 
(P=0.027). In addition, nuclear p‑ATF2 staining was positive 
in 65/86 samples of NSCLC. Furthermore, the Kaplan‑Meier 
analysis indicated that patients with high levels of ATF2 and 

p‑ATF2 expression had a significantly shorter overall survival 
compared with patients exhibiting a low expression (P<0.01 
and P<0.05, respectively). Subsequent in vitro experiments 
revealed that cell growth decreased following knockdown 
of ATF2  expression using RNA interference, indicating 
that ATF2 may suppress cell proliferation. Taken together, 
the results of the present study demonstrated that ATF2 and 
p‑ATF2 were significantly overexpressed in NSCLC tissues, 
and ATF2 and p‑ATF2 overexpression predicted significantly 
worse outcomes for patients with NSCLC.

Introduction

Lung cancer is characterized by the highest incidence and 
mortality rates of any malignant tumor (1), and non‑small cell 
lung cancer (NSCLC) accounts for ~85% of all the diagnostic 
cases of lung cancer (2). For decades, numerous therapeutic 
strategies, including adjuvant, neoadjuvant and postoperative 
chemotherapy, have been used in the treatment of NSCLC (3). 
Recently, epidermal growth factor receptor tyrosine kinase 
inhibitors, including gefitinib, erlotinib and afatinib, have been 
used in the treatment of NSCLC, resulting in lower toxicity 
and higher efficiency, compared with traditional chemothera-
peutic drugs (4). However, patients with NSCLC still failed 
this novel chemotherapy regime, and exhibited worse overall 
survival (OS) due to multidrug resistance and the heteroge-
neity of NSCLC tumors (5). It currently remains difficult to 
obtain an early diagnosis and execute timely therapeutic inter-
ventions for patients with NSCLC; therefore, novel effective 
therapeutic strategies should be investigated (6). Furthermore, 
novel biological markers for the early diagnosis and survival 
prediction of NSCLC are emerging.

Activating transcription factor 2 (ATF2), a member of 
the cAMP response element binding family, is activated 
by phosphorylation to c‑Jun N-terminal kinases or p38, and 
heterodimerizes with those transcription factors in response 
to regulatory biological progresses (7,8), such as stress and 
cytokines (9‑11). ATF2 dimerizes with other members of the 
activator protein 1 superfamily to activate the transcription of 
genes involved in stress and DNA damage responses, growth, 
differentiation, and apoptosis (9‑11). Furthermore, ATF2 can 
be activated by stress and cytokine stimuli in response to a 
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variety of cell processes, including DNA damage, viral infec-
tion and cell death (9). It has previously been demonstrated 
that ATF2 has an oncogenic role in melanocyte transforma-
tion (12). Notably, ATF2 executes different roles depending 
on its localization. For example, the nuclear localization has 
been demonstrated to be associated with poor prognosis 
in patients with melanoma, suggesting that ATF2 localiza-
tion may serve as a prognostic marker in this disease (13). 
In addition, protein kinase C ε (PKCε) may phosphorylate 
ATF2 on threonine 52 and localize ATF2 to the nucleus (13). 
Elevated levels of PKCε, which are observed in more 
advanced stage metastatic melanomas, appear to prevent the 
nuclear‑to‑mitochondrial translocation of ATF2 that enable 
its tumor‑suppressor function (14), and ATF2 targets include 
various pro‑survival molecules, such as cell cycle‑related 
proteins (15). Furthermore, a previous study indicated that 
enhancing the nuclear export of ATF2 may be a novel thera-
peutic modality for drug‑resistant melanomas (5).

In the present study, the expression and localization of 
ATF2  was detected in NSCLC cancer tissues and cells. 
Subsequently, the association between ATF2 expression and 
clinicopathological characteristics were analyzed to determine 
the clinical significance of ATF2 in the prognostic predic-
tion of patients with NSCLC. The results demonstrated that 
the expression levels of ATF2 and p-ATF2 were markedly 
increased in NSCLC tissues. ATF2 is therefore another prom-
ising predictor for prognosis of NSCLC.

Materials and methods

Cell culture. Normal human bronchial epithelial (HBE) cells 
(HBE 135-E6E7) and various human NSCLC cells (H1299, 
H1975, A549, PC9, H460 and H1650) were purchased from 
the American Type Culture Collection (Manassas, VA, USA). 
The H1299, H1975, H460  and H1650  cells were cultured 
in RPMI‑1640 and the PC9 and A549 cells were cultured 
in Dulbecco's modified Eagle's medium (ThermoFisher 
Scientific, Inc., Waltham, MA, USA). The culture medium 
contained 10% heat‑inactivated fetal bovine serum (FBS; 
ThermoFisher Scientific, Inc.) and antibiotics (100  U/ml 
penicillin and 100 U/ml streptomycin; Beyotime Institute of 
Biotechnology, Inc., Dalian, China). HBE cells were cultured 
in RPMI‑1640 with 15% FBS. All the cells were incubated at 
37˚C and 5% CO2 in a humidified atmosphere.

Patients and tissue specimens. Written informed consent was 
obtained from all patients . Paired cancerous and adjacent normal 
tissue samples were obtained from 86 patients with NSCLC 
who underwent surgical resection at the First Affiliated 
Hospital of Nanchang University (Nanchang, China) between 
June 2001 and July 2004, according to protocols approved by 
the Institute Research Medical Ethics Committee of the First 
Affiliated Hospital of Nanchang University. The 86 patients 
were aged between 24 and 68 years (median age, 42 years), 
and the tumors were pathologically graded according to the 
International Union against Cancer tumor‑node‑metastasis 
classification of malignant tumors. Following surgical resec-
tion, the 86 tissues specimens were immediately fixed in 10% 
formalin, embedded in paraffin and stored at room tempera-
ture. In addition, to investigate RNA levels of AFT2 in fresh 

tumor tissues, 12 paired fresh tumor and adjacent normal 
tissues were obtained from NSCLC patients who underwent 
surgical resection at the First Affiliated Hospital of Nanchang 
University between November 2011 and February 2012. The 
12  patients were aged between 41  and 60  years (median 
age, t51.5 years). Following surgical resection, the 12 paired 
tumor and adjacent normal tissue specimens were immediately 
frozen in RNAlater® (Ambion Life Technologies, Carlsbad, CA, 
USA) and stored at ‑80˚C.

Immunohistochemistry (IHC). The tissues were fixed with 4% 
paraformaldehyde in 0.1 M phosphate buffer. After 24 h, the 
tissues were embedded in paraffin wax and sliced into 14 µM 
sections and mounted onto glass slides. The paraffin‑embedded 
tissue sections were then dewaxed in xylene and alcohol, boiled 
with EDTA (1 mmol/l; pH 8.0), and treated with 3% H2O2 for 
10 min. Immunohistochemical analysis was then performed 
using the EnVision™ two‑step staining method (16). Briefly, 
the slides were incubated with primary polyclonal rabbit 
anti‑human ATF2 (1:500 dilution; p‑ATF2, 1:1,000 dilution; 
Santa-Cruz Biotechnology, Inc.) or mosue anti‑human GAPDH 
(1:1,000 dilution; Zhejiang Kangchen Biotech Co., Hangzhou, 
China) overnight at 4˚C and then washed in phosphate‑buffered 
saline three times before the goat anti‑rabbit and anti‑mouse 
IgG secondary antibodies (1:5,000 dilution; Zhejiang Kangchen 
Biotech Co.) were added. After 1 h at room temperature, the 
slides were stained with DAB and counterstained with Mayer's 
hematoxylin (Beyorime Institute of Biotechnology, Inc.). Slides 
that were not incubated with primary antibody were used as the 
negative controls. The proportion of stained cells was scored as 
previously described (17), and the receptor score was calculated 
using the equation: Positively stained cell proportion x staining 
intensity. The median value of the IHC scores was 4; therefore, 
low and high expression were set at scores of <4 and ≥4, respec-
tively (18).

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from the 12  frozen samples using TRIzol® reagent (Bioo 
Scientific, Austin, TX, USA), according to manufacturer's 
instructions. RT‑qPCR were performed using SYBR® Green 
Real‑Time PCR Master Mix and the Stratagene Mx3000P 
Real‑Time PCR system (Agilent Technologies, Inc., Santa 
Clara, CA, USA). The primer sequences were as follows: 
ATF2, sense 5'-GTAATCACCCAGGCACCATC-3' and 
antisense 5'-CTGAGTCCTAACCAATCCCC-3'; GAPDH, 
sense 5'-GAAGGTGAAGGTCGGAGTC-3' and antisense 
5'-GAAGATGGTGATGGGATTTC-3'. The cycling conditions 
were set as follows: 95˚C for 10 min followed by 40 amplifica-
tion cycles at 95˚C for 10 sec and 60˚C for 20 sec. The GAPDH 
gene served as the control and relative mRNA expression levels 
were defined using the 2‑ΔΔCt method (19).

Plasmids and short hairpin (sh)RNAs. shRNA probes 
targeting the ATF2 gene were purchased from Genechem, 
Inc. (Shanghai, China). The ATF2 gene sequence was 5'‑GTT  
GGCGAGTCCATTTGAG‑3' and transfection of H1299  
and H1975 cells was performed using Lipofectamine 2000  
(Invitrogen Life Technologies, Carlsbad, CA, USA), according 
to the manufacturer's instructions. The pGIPZ vector was 
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purchased from Genechem, Inc. (Shanghai, China). Untrans-
fected parental cells H1299 and H1975 were used as control. 
After 48 h, the expression level of ATF2 was measured by 
western blotting and MTT assays.

Western blot analysis. Western blot analysis was performed to 
assess the protein expression levels of ATF2 and GAPDH in 
NSCLC cells and tissues, according to previously described 
protocols (20). The GAPDH gene served as the control. Briefly, 
The cells and tissues were lysed with lysis buffer (pH 7.4, 
containing 1% Triton X-100 and 0.2% SDS) on ice for 30 min 
and centrifugated at 10,000  rpm for 15  min at 4˚C. The 
supernatant was separated and used for the experiment. The 
concentrations of protein were quantified using a bicincho-
ninic acid assay kit (ThermoFisher Scientific). Subsequently, 
30  µg protein from each sample were examined on 10% 
SDS‑PAGE gels (Sigma-Aldrich). The separated proteins were 
transferred onto polyvinylidene fluoride membranes (EMD 
Millipore, Billerica, MA, USA) at 80 V for 100 min prior to 
blocking with 5% non‑fat milk for 1 h at room temperature. 
The membranes were then incubated with primary antibodies 
against ATF2 (1:1,000 dilution) or GAPDH (1:1,000 dilution) 
overnight at 4˚C. After washing with Tris‑buffered saline with 
Tween 20 three times, the membranes were incubated with 
peroxidase‑conjugated secondary antibody (1:5,000 dilution) 
for 1 h at room temperature. The signal was then detected 
using an enhanced chemiluminescence detection system (GE 
Healthcare, Princeton, NJ, USA). The bands were exposed to the 
Kodak medical X-ray processor (Kodak, Rochester, NY, USA).

MTT assay. Cell viability was determined by performing an 
MTT assay (Sigma-Aldrich). Briefly, the cells were seeded at 

Figure 1. Expression of ATF2 in NSCLC tissue samples by western blotting and reverse transcription‑quantitative polymerase chain reaction. Western blot 
analysis of ATF2 protein expression levels in (A) NSCLC cell lines and HBE cells and in (B) NSCLC and corresponding adjacent normal lung tissues, 
4 samples are presented as being representative of the data. (C) Relative ATF2 mRNA expression levels in 12 pairs of NSCLC and corresponding adjacent 
normal lung samples. (D) A significant difference in ATF2 mRNA expression in normal (N) and tumor (T) tissues revealed by a Wilcoxon matched‑pairs test. 
ATF2, activating transcription factor 2; NSCLC, non‑small cell lung cancer.

Figure 2. Expression of ATF2 in non‑small cell lung cancer tissues by immu-
nohistochemistry. Micrographs revealing (A) ATF2 and (B) p‑ATF2 staining 
in normal adjacent lung and tumor tissues (DAB and Mayer's hematoxylin 
staining). (C) The strength and distribution of p-ATF2 in all 86 patients, 
calculated using the Wilcoxon matched‑pairs test. p‑ATF, phosphorylated 
activating transcription factor 2.
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a density of 2 x 103 cells/well in 96‑well plates for attachment. 
MTT solution (20 µl, 5 mg/ml) was added to each well at a 
specific time point (12, 24, 48, 72 and 96 h) and incubated for 
4 h at 37˚C. Subsequently, the culture medium was removed and 
replaced with 150 µl dimethyl sulfoxide to resolve the formazan. 
Absorbance was measured at 540 nm on a Model 550 micro-
plate reader (Bio‑Rad Laboratories, Hercules, CA, USA).

Statistical analysis. Statistical differences between groups 
were analyzed by performing the Student's t‑test. The χ2 test was 
used to determine the difference in protein expression between 
tumor tissues and adjacent normal tissues. Survival rates were 
assessed using Kaplan‑Meier survival curves (log‑rank test). 
The Wilcoxon matched‑pairs test was used to determine any 
significant difference in ATF2 mRNA expression between 
the normal and tumor tissues as well as reproducibility of the 
measurement of the expression of ATF2 and p‑ATF2 in the 
86 paraffin‑embedded NSCLC tissues. The SPSS statistical 
software package, version 16.0 (SPSS, Inc., Chicago, IL, USA) 
was used in data processing and analyzing. Two‑tailed P<0.05 
indicated a statistically significant difference.

Results

Expression of ATF2  in NSCLC cell lines and tissues. The 
expression of ATF2 in NSCLC cells was initially detected 
by western blotting and RT‑qPCR. According to the results, 

the protein expression level of ATF2 was markedly higher in 
the H446, H1975, H1650, H1299 and PC9 cell lines (Fig. 1A). 
According to the western blot results, ATF2 is predominantly 
expressed in tumor tissues compared with non‑tumor tissues 
(Fig.  1B). Furthermore, the mRNA expression level of 
ATF2 in 8/12 NSCLC tumor tissues was markedly higher 
than the adjacent normal tissues (Fig.  1C). In addition, 
ATF2 expression levels were significantly higher in tumor 
tissues compared to normal tissues according to the IHC 
results, as indicated in Fig. 1D (P<0.01).

Association between ATF2/p‑ATF2 expression and clinico‑
pathological parameters. IHC was performed to assess the 
expression of ATF2 and p‑ATF2  in 86 paraffin‑embedded 
NSCLC tissues. The results showed that the expression of 
ATF2 was observed in the cytoplasm and nucleus of cancer 
cells, however, there was no difference in expression between 
the two locations (Fig.  2A). p‑ATF2  was predominantly 
expressed in the nucleus of cancer cells compared with the 
cytoplasm (P<0.01; Fig. 2B and C). In addition, the expres-
sion of p‑ATF2 was detected in the cytoplasm. p‑ATF2 was 
overexpressed in the majority of tumor tissues (65/86 cases, 
data not shown). The expression of ATF2  and p‑ATF2  in 
adjacent non‑cancerous tissue was also observed in certain 
cases (Fig. 2A and B). To determine the clinical significance 
by χ2 tests, the samples were grouped according to a low and 
high expression of ATF2 or p‑ATF2. Table I shows a significant 

Table I. Correlation between ATF2 expression and clinicopathological parameters in non‑small cell lung cancer.

	 ATF2 expression, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Total cases, n	 High	 Low	 P‑value

Age, years				    0.245
  <50	 49	 30	 19
  ≥50	 37	 18	 19
Gender				    0.891
  Male	 55	 31	 24
  Female	 31	 17	 14
Tumor size, cm				    0.018a

  <4	 34	 16	 18
  ≥4	 52	 32	 20
TNM stage				    0.002b

  Ⅰ	 14	   5	   9
  Ⅱ	 19	 11	   8
  Ⅲ	 38	 32	   6
  IV	 15	   9	   6
Vascular invasion				    0.813
  Yes	 51	 29	 22
  No	 35	 19	 16
Metastasis				    0.027a

  Yes	 52	 34	 18
  No	 34	 14	 20

aP<0.05, bP<0.01. ATF2, activating transcription factor 2; TNM, tumor‑node‑metastasis.
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difference between ATF2 expression and specific clinicopatho-
logical parameters was observed, including an advanced TNM 
stage (P=0.002), large tumor size (P=0.018) and metastasis 

(P=0.027). However, there was no significant difference for 
the remaining clinicopathological parameters including age, 
gender or vascular invasion. For p‑ATF2, patients with high 

Figure 3. Association between activating transcription factor 2 (ATF2) expression and non‑small cell lung cancer (NSCLC) prognosis. ATF2 protein expres-
sion level exhibited a prognostic role in (A) overall and (B) disease‑free survival, as indicated by Kaplan‑Meier analysis. (C and D) Prognostic role of 
phosphorylated‑ATF2 in patients with NSCLC, demonstrated by (C) overall and (D) disease‑free survival. Statistical significance was assessed using the 
log‑rank test (P<0.05; n=56).

Table II. Correlation between p‑ATF2 expression and clinicopathological parameters in non‑small cell lung cancer.

	 p‑ATF2 expression, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Total cases, n	 High	 Low	 P‑value

Age, years				    0.390
  <50	 49	 36	 13
  ≥50	 37	 24	 13
Gender				    0.502
  Male	 55	 37	 18
  Female	 31	 23	   8
Tumor size, cm				    0.409
  <4	 34	 22	 12
  ≥4	 52	 38	 14
TNM stage				    0.040a

  Ⅰ	 14	   7	   7
  Ⅱ	 19	 13	   6
  Ⅲ	 38	 32	   6
Vascular invasion				    0.781
  Yes	 51	 35	 16
  No	 35	 25	 10
Metastasis				    0.015a

  Yes	 52	 42	 12
  No	 34	 18	 16

aP<0.05. ATF2, activating transcription factor 2; TNM, tumor‑node‑metastasis.

  A

  C

  B

  D
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p‑ATF2 expression had a significant association with advanced 
TNM stage (P=0.040) and metastasis (P=0.015; Table II). The 
remaining clinicopathological parameters were not signifi-
cantly associated with p‑ATF2 expression (P>0.05; Table II).

Association between ATF2/p‑ATF2 expression and prognosis 
in NSCLC. To determine the correlation between ATF2/
p‑ATF2 expression and survival of patients with NSCLC, the 
Kaplan‑Meier survival analysis was performed. As shown 
in Fig. 3A and B, the OS and disease‑free survival (DFS) 
times in patients with a high level of ATF2 expression were 
significantly shorter than those of patients with a low level 
of ATF2 expression (P<0.01 and P<0.05, respectively). For 
p‑ATF2, the results revealed that OS was significantly shorter 
in patients with a high p‑ATF2 expression compared with 
patients with a low p‑ATF2 expression (P<0.05); however, there 
was no significant difference in DFS (P>0.05; Fig. 3C and D).

Downregulation of ATF2 inhibits cell proliferation. To deter-
mine the role of ATF2  in NSCLC cells, ATF2 knockdown 
cell models were generated in H1299 and H1975 cells. The 
ATF2  shRNA was proven to effectively downregulate the 
expression of ATF2  by western blotting (Fig.  4A and  B). 
According to the results of the MTT assay, the knockdown 
of ATF2 in H1299 and H1975 cells led to a reduction in cell 
viability (Fig. 4C and D; P<0.05). These data indicated that 
ATF2 may promote cell proliferation in NSCLC cells.

Discussion

ATF2, a member of the AP‑1 family of transcription factors, 
is important in the regulation of cancer cell proliferation, 

invasion and survival by modulating various genes, such 
as c‑Jun and c‑Fos  (9). A previous study revealed that 
ATF2 may play a potential role in breast cancer invasion 
and migration by targeting matrix metalloproteinase‑2 (21). 
However, the role of ATF2 in NSCLC is poorly understood. 
To the best of our knowledge, the present study was the first 
to investigate the clinical role of ATF2 in Chinese patients 
with NSCLC. A marked increase in ATF2 expression was 
observed in NSCLC cancer tissues but not in corresponding 
normal tissues.

Notably, ATF2 has been demonstrated as a double‑edged 
sword in different types of cancer. Using a ATF2‑mutant 
K14‑Cre mouse model, Bhoumik et al revealed that loss 
of ATF2 in keratinocytes could lead to elevated β‑catenin 
expression and consequently result in skin tumor forma-
tion  (22). Similarly, Maekawa  et  al identified that low 
expression of ATF2 in mammary tissue is more likely to 
form a tumor (23). By contrast, ATF2 gene transcriptional 
activity was activated in certain types of tumor. For example, 
overexpression of ATF2 was observed in patients with mela-
noma, and associated with poor outcome and metastasis (24). 
The expression of ATF2 was not proven to be an independent 
predictor of prognosis in patients with melanoma, however, 
the localization of ATF2  may still serve as a promising 
prognostic marker. Furthermore, Duffey et al demonstrated 
that when head and neck squamous cell carcinoma (HNSCC) 
cells were treated with tumor necrosis factor α and cisplatin, 
the expression of ATF2 in the nucleus was enhanced. Thus, 
enhanced ATF2 expression may predict a poor prognosis 
in patients with HNSCC (25). A previous report indicated 
that the dual functions of ATF2 may depend on its location: 
The cytosolic localization appeared to perform suppressor 

Figure 4. ATF2 shRNA markedly decreased cell proliferation in non‑small cell lung cancer. (A and B) ATF2 shRNA noticeably downregulated the expres-
sion of ATF2 protein. Scramble and ATF2 shRNA were transfected into (A) H1299 and (B) H1975 cells for 24 h. Relative ATF2 expressions were detected 
by western blotting. (C) H1299 and (D) H1975 cell viabilities were determined using MTT assays. *P<0.05 and **P<0.01 vs. control. Data are presented as 
means ± standard deviation of three independent experiments. Con, control; Vec, vector; shATF2, short hairpin activating transcription factor 2.

  A   B

  C   D
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functions while the nuclear localization appeared to perform 
promoter functions  (14). In addition, a previous study 
reported a correlation between ATF2 expression and clini-
copathological parameters in breast cancer (26). Through 
immunohistochemical analysis of ATF2 and p‑ATF2 protein 
expression levels, the present study identified important new 
information in this field. It was identified that high expression 
of ATF2 may be an indicator of poor prognosis for patients 
with NSCLC, as patients with high ATF2 expression exhib-
ited advanced stage disease, larger tumors and metastasis. 
In addition, high expression of p‑ATF2 was significantly 
associated with tumor stage and metastasis. These findings 
are consistent with a previous report, which identified that 
high ATF2 expression stimulated cell proliferation in human 
gastric cancer cells (27).

The present study investigated the association between 
ATF2 and p‑ATF2 expression, and outcomes of patients with 
NSCLC. By performing Kaplan‑Meier survival analysis, it 
was identified that high ATF2  expression in tumor tissues 
predicted significantly shorter OS and DFS, whereas 
p‑ATF2 expression was only significantly associated with worse 
OS. A small number of previous reports have also demonstrated 
that ATF2 expression is associated with higher rates of metastasis 
and poor prognosis (28,29). In addition, a previous study identi-
fied that ATF2 is involved in facilitating tumor progression and 
cell differentiation (8). Overall, it can be concluded that elevated 
ATF2 and p‑ATF2 expression may be as a useful biological 
marker for predicting the outcomes of patients with NSCLC. 

In summary, to the best of our knowledge, the present 
study is the first to provide clinical evidence that ATF2 and 
p‑ATF2  may serve as promising predictors for NSCLC 
prognosis in a Chinese patient cohort. The results demon-
strated that ATF2 expression is elevated in NSCLC tissues 
and associated with advanced clinical parameters, such 
as tumor size, metastasis and clinical stage. In addition, 
p‑ATF2 overexpression was detected in tumor tissues and 
indicated shorter survival of patients with NSCLC. The results 
of the current study suggest that ATF2 and p‑ATF2 may be 
useful prognostic biomarkers for patients with NSCLC. Thus, 
the potential mechanisms of ATF2 leading to poor prognosis 
should be further analyzed and the current results should be 
confirmed in other NSCLC cohorts.
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