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Abstract

Background: Non-small cell lung cancer (NSCLC) accounts for ~85% of all cases of
lung cancer and has a poor prognosis. Activating transcription factor 3 (ATF3), a
member of the ATF/cyclic adenosine monophosphate response element binding
(ATF/cyclic response element binding) family of transcription factors, has been
implicated in the pathogenesis of several types of cancer. However, whether the
expression of ATF3 is aberrant in NSCLC and genetic variants, or DNA methylation
of the gene contributes to the tumorigenesis of NSCLC, are largely unknown.
Methods: The expression of ATF3 in four NSCLC cell lines and normal human
bronchial epithelial cell (HBEpiC) line was detected by Western blot analysis. The
mutation of the 5′-flanking 1500-bp and coding sequence regions of the ATF3 gene
were screened using DNA direct sequencing, and bisulfite-sodium modification
sequencing was used to detect the promoter methylation status of the gene.
Results: up-regulated expression of ATF3 was observed in NSCLC cell lines, and
there was no difference in the sequence regions of the ATF3 gene between NSCLC
cells and HBEpiC cells, which were validated in lung cancer tissues and their corre-
sponding paracarcinoma tissues.
Conclusion: Our findings suggest that the tumorigenesis of NSCLC may particu-
larly attribute to increased expression of ATF3 but not the genetic variants of the
gene.

Introduction

Lung cancer has been the main cause of cancer death world-
wide and non-small cell lung cancer (NSCLC) cases account
for nearly 85% of all lung cancer cases. Up to 86% of mortality
associated with lung cancer is partially relevant to the lack of
early detection methods.1,2 It is widely accepted that several
signaling pathways including the transforming growth
factor-b (TGF-b) pathway can play key roles in the pathogen-
esis of NSCLC.3–5 In response to TGF-b signaling, two cytoso-
lic proteins, Smad2 and Smad3, are phosphorylated and
activated by TGFbR1 kinase, and then heteromerize with

Smad4. The latter complex translocates into the nucleus and
incorporates with transcriptional complexes that can either
activate or repress target genes.6–9 TGF-b signaling can be
regulated by multiple transcriptional factors, such as c-Myc,
CBP/p300 and activating transcription factor 3 (ATF3).

ATF3 belongs to the member of the ATF/cyclic AMP
response element binding (ATF/CREB) family of transcrip-
tion factors,10 and is a 22-KDa leucine zipper.11 It can be
viewed as an adaptive-response gene that participates in
cellular processes to adapt to extra- and/or intracellular
changes.12 ATF3 is induced by TGF-b, upon induction, its
gene product interacts directly with Smad3 and forms a
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functional complex to further repress its target gene ID1,9

indicating that there is a direct link between ATF3 and TGF-b.
ATF3 expression is maintained at low levels or undetect-

able in most cells,13 and ATF3 alterations have been identified
in several human malignancies, including colorectal cancer,
prostate cancer, ovarian cancer and breast cancer.14–17 Addi-
tionally, the accumulation of genetic variants and epigenetic
changes, including DNA methylation, has been suggested to
contribute to development and progression of human can-
cers.2,4,18,19 However, whether ATF3 expression is altered and
aberrant genetic variants or DNA methylation of the gene
is involved in the tumorigenesis of NSCLC are largely
unknown.

Materials and methods

Cell lines, cell culture and tumor specimens

Four NSCLC cell lines including A549, NCI-H292, 95C (Low
metastatic) and 95D (High metastatic), and Human bron-
chial epithelial cell line (HBEpic) were purchased from the
Cell Bank of the Chinese Academy of Science and were cul-
tured at the Roswell Park Memorial Institute (RPMI) 1640
medium with 50 units/mL each of penicillin and streptomy-
cin and 10% heat-inactivated fetal bovine serum (FBS). Fresh
tumor and paired normal lung tissue specimens were
obtained after informed consent from 60 patients who under-
went pulmonary resection for primary NSCLC and had not
received radiotherapy or chemotherapy at the First Affiliated
Hospital of Soochow University. The specimens were snap-
frozen and stored in liquid nitrogen immediately after opera-
tion, until use. The Academic Advisory Board of Soochow
University approved this research.

Western blotting

Total protein was extracted from cells according to the
manual. A BCA protein assay reagent was used to measure
protein concentration with a prestained marker serving as an
index; equal amounts of protein were loaded on a sodium
dodecyl sulfate (SDS)-PAGE (12% gel) and transferred to
nitrocellulose membrane. After being blocked with 2.5%
gelatin for 1 hour, membranes were incubated with indicated
primary ATF3-antibody overnight at 4°C, followed by treat-
ment with the corresponding horseradish peroxidase (HRP)-
conjugated secondary antibody. Here the primary antibody
concentration was 1:900 and the secondary antibody was
1:2000. Detection was performed using an enhanced chemi-
luminescence kit, and b-actin was calculated as an internal
control for the semi-quantitative analysis. Quantity1.0 soft-
ware was carried out to estimate relative expression of ATF3
protein for these cell lines.

DNA bisulfite modification

Genomic DNA from cell lines and tumor tissues was
extracted according to standard proteinase K digestion and
phenol-chloroform extraction. Genomic DNA isolated from
cell lines and tumor tissue specimens was treated with
sodium bisulfite using EpiTect Bisulfite Kit (Qiagen Valencia,
CA). Briefly, 1.0 ug DNA was denatured in a volume of
140 mL of Bisulfite Mix solution for 5 minutes at room tem-
perature, and then the samples were incubated using Thermal
Cycler for 5 hour. The modified DNA was purified according
to the manufacturer’s protocol. Finally, DNA was eluted with
sterilized distilled water and stored at -20°C until use.

CpG islands selection and
bulfite-sequencing PCR

A 2kb sequence was selected from the promoter region of the
ATF3 gene. The CpG islands in ATF3 were analyzed by Methyl
Primer Express v1.0 software (Applied Biosystems). Potential
transcription factor-binding sites were predicted using the
web-based TFSEARCH (http://mbs.cbrc.jp/research/db/
TFSEARCH.html). The two regions from -1175 to -1039bp
and -496 to -288bp (the transcription initiation site of ATF3
was designated as 0) totally contain 27 CpG cites that are
located in transcription factor (TF) binding sites, and were
selected for bisulfite-sequencing polymerase chain reaction
(PCR) (BSP).

BSP assay was performed to detect the methylation status
of the 27 CpG sites. Two pairs of PCR primers were designed
specifically to amplify bisulfite-converted DNA. For -1175
to -1039bp: 5’-ATTTAGTTTTGTTGAGGTTTT-3’ (for-
ward) and 5’-TTGGATGGGTTTGGATT TTTA-3’ (reverse);
for -496 to -288bp: 5’-GAGGAGGTTAGTGGGGGA-3’
(forward) and 5’-GGAGAGAGAGGTATAGTTTTG-3’
(reverse).

The cycling parameters for PCR reaction were as follows:
denaturing at 95°C for 9 minutes, then 39 cycles of 94°C for 30
seconds, annealing temperature for 45 seconds, and 72°C for
1 minute, followed by a final extension at 72°C for 10 minutes.
The PCR products with the length of 243bp and 293bp,
respectively, were sequenced.

Mutational analysis of the ATF3 gene

We used the Basic Local Alignment Search Tool (BLAST)
function to search homologous sequences in the NCBI
GenBank database. The gene (ID: 467) was used as reference
sequence for ATF3 DNA sequence. Primers for 5′-flanking
1500 nucleotides and the coding sequence (CDS) regions of
the ATF3 gene are designed using Oligo6.0 software, and their
sequences are available in Tables 1 and 2, respectively.

ATF3 and NSCLC X. Song et al.

218 Thoracic Cancer 3 (2012) 217–223 © 2012 Tianjin Lung Cancer Institute and Blackwell Publishing Asia Pty. Ltd



The PCR reaction for DNA direct sequencing were per-
formed in a total volume of 25 mL, contain 50 to 100ng of
genomic DNA, 1 unit of Ex Taq DNA polymerase (Takara,
Japan), 0.2 mmol/L of each primer, 1 Ex Taq Buffer (Mg2+
Plus), 0.25 mmol/L of each deoxynucleotide triphosphate.
PCR was carried out under the following conditions: 1 cycle
at 94°C pre-denaturing for 5 minutes and 38 cycles of 95°C
for 30 seconds and annealing temperature as indicated for 35
seconds and 72°C for 45 seconds, followed by a final extension
at72°C for 10 minutes. DNA sequencing analysis was per-
formed using the Invitrogen Kit (California, USA).

The PCR reaction for single strand conformation poly-
morphism (SSCP) was carried out in accordance with that
used for DNA direct sequencing. SSCP was performed as
described previously5 and the conditions reached are demon-
strated in Table 2.

Statistical analysis

Quantity1.0 software was used to evaluate the gray value of
ATF3 and b-actin, and the ratio of ATF3/b-actin was used as
relative expression. SPSS statistics software (version 16.0) was
performed to test the significant difference in ATF3 expres-
sion between NSCLC cell lines and HBEpiC. Statistical differ-
ences were considered to be significant at P < 0.05.

Results

Western blot analysis of ATF3 expression in
cell lines

Western blot analysis was applied to investigate the protein
expression of ATF3 in four NSCLC cell lines (A549, NCI-
H292, 95C, 95D) and HBEpiC (Fig 1a). It was identified that
the expression of ATF3 at protein level was significantly
higher in NSCLC cells than in HBEpiC (P < 0.01) (Fig 1b).
This result suggested that ATF3 might be involved in tumori-
genesis of NSCLC.

Analyses for DNA methylation and genetic
variants in the promoter of the ATF3 gene

To determine whether DNA methylation status and genetic
variants in the promoter of ATF3 are associated with NSCLC,
we used the BSP method to detect methylation features of the
ATF3 gene for these five cell lines, and explored gene muta-
tion for 5′-flanking 1500 nucleotides of ATF3 DNA by direct
sequencing analysis. As a result, BSP analysis indicated that
the promoter regions of the ATF3 gene including -1175 to
-1039bp and -496 to -288bp were completely unmethylated
(Fig 2) in all detected cell lines, and no difference in sequence

Table 1 Primers used for amplification of promoter regions of the activating transcription factor 3 (ATF3) gene

Region Primer sequences (5′→3′) Product length (bp) Annealing temp. (°C)

-1522 to -932 FP TTACCAAACTGTGACCTTCGG 590 60.0
RP AATCAGAGGCAACCCGGT

-947 to -391 FP GGTTGCCTCTGATTCCTCCTG 556 65.0
RP GGCATCTGTCCCTCCGCT

-485 to +43 FP TTCCCAGCCTCACCTAGTC 528 64.0
RP GAGAGAAGAGAGCTGTGCAGT

Bp, base pair; FP, forward primer; RP, reverse primer.

Table 2 Primers used for amplification of coding sequence (CDS) regions of the activating transcription factor 3 (ATF3) gene and single strand confor-
mation polymorphism (SSCP) conditions

Region Primer sequence (5′→3′)
Product
length (bp)

Annealing
Temperature (°C)

Non-denaturing PAGE
gel conc. (%)

+6247 to +6523 FP GTTTCAATGTGTCTTTCAGC 276 61.0 8
RP TGATAGAACCCACCTCG

+9297 to +9515 FP TGGCAGTAAAAGGCAGTGTAT 218 62.0 8
RP CGAGAGGAAGGGTAAGGCT

+10262 to +10492 FP CTAAGCCACCATAAGTCTG 230 61.5 10
RP AGCTGCGAGAGGAAGAT

+10475 to +10805 FP ATCTTCCTCTCGCAGCT 330 54.0 8
RP GCTTAGCTCTGCAATGTT

Bp, base pair; CDS, coding sequence; FP, forward primer; PAGE, polyacrylamide gel electrophoresis; RP, reverse primer; SSCP, single-strand conformation
polymorphism.
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of the promoter region was found between HBEpiC cells and
NCSLC cell lines, according to the results of direct sequencing
analysis. We next extended our analysis in 60 lung cancer
tissues and their corresponding paracarcinoma tissues in an
attempt to validate the data from the cell lines, and the results
are consistent with those from the cell lines. This suggested
that the promoter methylation status and genetic variants in
the promoter of the ATF3 gene have no significant relation-
ship with NSCLC tumorigenesis.

DNA abnormality analysis in CDS regions of
the ATF3 gene

Although genetic variants in the promoter of the ATF3 gene
were not associated with NSCLC, variants in CDS regions of
the gene might be involved in the occurrence of NSCLC. To
verify this hypothesis, CDS regions of the ATF3 gene were
genetically screened by SSCP in 60 samples. As a result, no
active mutation was detected in the coding region of the ATF3
gene (Fig 3).

Discussion

NSCLC accounts for ~85% of all cases of lung cancer. Early
detection is the key to the treatment of NSCLC and under-

standing how NSCLC develops and progresses plays a critical
role in this early detection and treatment. In the present
study, we found that the expression of ATF3 in NSCLC cells
was higher than that in normal bronchial epithelial cells,
which is in accordance with previous evidence that the ATF3
expression is elevated in several other types of cancer, includ-
ing prostate cancer,20 Hodgkin Reed-Sternberg cells and non-
malignant tissue21 and breast cancer.22 Our finding for the first
time suggested that ATF3 might play an oncogenic role in the
process of NSCLC occurrence.

Transgenic ectopic expression of ATF3 in basal epithelial
cells causes basal cell carcinoma in mouse and mammary car-
cinomas.23,24 Based upon these findings, we raised a hypoth-
esis that up-regulated expression of ATF3 could be involved
in the tumorigenesis and development of NSCLC. Therefore,
we next tested whether the increased expression of ATF3 in
NSCLC cells was attributed to genetic and/or epigenetic vari-
ants in the promoter of the gene. However, the present study
failed to find any difference in the sequence of the ATF3 gene
promoter between HBEpic and NSCLC cell lines, which was
validated in lung tissue samples. These findings indicated that
the variants in the ATF3 gene promoter were not genetically
associated with the expression of the gene and could not
further alter the susceptibility to NSCLC. Furthermore, our
findings regarding methylation analysis indicated that pro-
moter regions in the ATF3 gene were completely devoid of
methylation, suggesting that the increased expression of
ATF3 in lung cancer was epigenetically associated with other
mechanisms (such as histone deacetylation) rather than DNA
methylation.25

Given the notion that the human ATF3 gene is mapped to
chromosome 1q32.3 region, which frequently shows genetic
aberration in many kinds of cancer, we consequently tried to
figure out if any genetic variant lies in the CDS region of the
ATF3 gene in NSCLC. After genetically screening for 60
NSCLC tissues and their corresponding paracarcinoma
tissues, we found that all the samples had the same sequence
of the CDS region of the ATF3 gene, suggesting the occur-
rence of NSCLC was not related to genetic variants in the CDS
region of the ATF3 gene. To the best of our knowledge, this is
the first study to detect the association of genetic variants in
the ATF3 gene with lung cancer risk. Although no significant
association was found in this study, we cannot rule out the
possibility that genetic variants in the ATF3 gene may modify
the risk of other types of cancer.

Conclusion

In summary, the present study showed that the expression of
ATF3 was increased in NSCLC cells compared with that in
normal bronchial epithelial cells, supporting the idea that
up-regulated expression of ATF3 contributes to the tumori-
genesis of NSCLC. Genetic and epigenetic analyses revealed

Figure 1 Western blot analysis for semi-quantitative expression levels of
activating transcription factor 3 (ATF3) protein in human bronchial epi-
thelial cell H(BEpiC) and non-small cell lung cancer (NSCLC) cell lines. (a)
Schematic western blot analysis for ATF3 expression. (b) Relative estimate
for ATF3 expression in cell lines. Quantity1.0 was used to evaluate the
gray value of ATF3 and b-actin, and the ratio of ATF3/b-actin was used as
relative expression. Significant difference was observed in ATF3 expres-
sion between each NSCLC cell line and HBEpiC. *, P < 0.01. , HBEpiC;

, A549; , NCI-H292; , 95C; , 95D.

ATF3 and NSCLC X. Song et al.

220 Thoracic Cancer 3 (2012) 217–223 © 2012 Tianjin Lung Cancer Institute and Blackwell Publishing Asia Pty. Ltd



Figure 2 (a) Schematic representative of bisulfite-sequencing (BSP) for the promoter region from site -1175 to -1039bp of the ATF3 gene; (b) Schematic
representative of BSP for the promoter region from site -496 to -288bp of the ATF3 gene. Red arrow: unmethylated CpG sites.
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that the increased ATF3 level was not attributed to aberrant
methylation or variants in the promoter of the gene. In addi-
tion, our findings suggested that the genetic variant in the
CDS region of the ATF3 gene was not associated with NSCLC.
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