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BATF acts as an oncogene in non-small cell lung cancer
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Abstract. One of the main causes of cancer incidence and
mortality worldwide is lung cancer. This study focused on the
function of basic leucine zipper ATF-like transcription factor
(BATF) in non-small cell lung cancer (NSCLC). Using NSCLC
patient data from The Cancer Genome Atlas, the present study
demonstrated that BATF expression in NSCLC tissues was
significantly higher compared with that in adjacent non-tumor
tissues (P=6.56x107%). Lentivirus-mediated short hairpin
RNA (shRNA) was used to knock down BATF expression
in the human A549 NSCLC cell line and assessed by reverse
transcription-quantitative PCR and western blotting. Cell
proliferation was evaluated by MTT assay and Celigo imaging
cytometry. Apoptosis was detected by fluorescence-activated
cell sorting and caspase 3/7 activity analysis. The results
revealed that knockdown of BATF inhibited the proliferation
of A549 cells. Compared with that of the control group, the
apoptosis rate of the BATF-shRNA group was significantly
higher. In summary, knockdown of BATF inhibited the prolif-
eration of A549 cells and promoted apoptosis. These results
provide important information about the underlying mecha-
nism of the pathogenesis of NSCLC.

Introduction

One of the leading causes of cancer death worldwide is lung
cancer (1). There are 1.8 million new cases of lung cancer
each year, and 1.6 million people succumb to lung cancer (2).
Nearly 70% of patients with lung cancer are in an advanced
stage with localized spread and/or distant metastasis (3).
Among the types of diagnosed lung cancers, non-small cell
lung cancer (NSCLC) accounts for ~80% (4). Despite advances
in treatment, the 5-year survival rate of patients with lung
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cancer is still <15% (5). The presence of local recurrence of
tumors and distant metastasis may be the most common cause
of death (6). The carcinogenesis and progression of NSCLC
involve both environmental and genetic factors and are multi-
step processes (7-9). Although chemotherapy, radiotherapy,
surgery, molecular-targeted therapy and immunotherapy
have greatly improved the survival and prognosis of patients
with NSCLC to date, the underlying molecular mechanisms
remain unclear and require further study (10). Therefore, it
is important to study the genes involved in the metastasis,
tumor progression and invasion, as well as to determine the
molecular mechanisms underlying the effects of these genes in
the treatment and prediction of NSCLC prognosis.

The basic leucine zipper ATF-like transcription factor
(BATF) family comprises three members (BATF, BATF2 and
BATF?3) and belongs to the group of activator protein 1 (AP-1)
transcription factors (11). BATF is located on human chromo-
some 14q24.3; there is only one transcript (NM_006399) of
BATF (12). The protein encoded by this gene is a nuclear
alkaline leucine zipper protein, which belongs to the
AP-1/activating transcription factor (ATF) superfamily. The
BATF protein is a negative regulator of AP-1/ATF transcrip-
tion events, and AP-1 complexes activate or inhibit their target
genes (13). Regulation of the AP-1 gene effects cell survival,
differentiation and proliferation (14,15). An increasing number
of studies suggest that BATF may affect cancer develop-
ment (16-18). However, the functional mechanisms of BATF in
NSCLC are poorly understood.

The present study used The Cancer Genome Atlas (TCGA)
data to analyze BATF expression in NSCLC. Through a series
of experiments, the role of BATF in NSCLC was explored.
The results could provide important information to explain
the pathogenesis of NSCLC and reveal that BATF may be a
potential novel target for the treatment of non-small cell lung
cancer.

Materials and methods

BATF expression analysis in TCGA database. TCGA is a
publicly funded project and contains RNA expression data for
various types of cancer, including NSCLC (http://cancerge-
nome.nih.gov/). The mRNA expression profiling data of
NSCLC and matched adjacent mucosa was downloaded from
TCGA (datasets TCGA-38, TCGA-49 and TCGA-50) (19).

Cell lines and culture conditions. The human NSCLC cell
line A549 was purchased from the Cell Bank of Type Culture
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Figure 1. Expression levels of BATF in lung cancer compared with adjacent non-tumor tissues in TCGA data. (A) Expression levels of BATF in lung cancer
compared with adjacent non-tumor tissues. (B) Log,FC of the expression level of BATF in lung cancer compared with adjacent non-tumor tissues. Normal,
adjacent non-tumor tissues; TCGA, The Cancer Genome Atlas; BATF, basic leucine zipper ATF-like transcription factor; FC, fold-change.
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Figure 2. Expression of BATF in A549 cell lines detected by RT-qPCR and western blot analysis following shBATF/shCtrl infection. (A) The mRNA expres-
sion level of BATF in the A549 cell line was detected by RT-qPCR analysis. (B) The protein expression level of BATF in the A549 cell line was detected by
western blot analysis. “P<0.05. BATF, basic leucine zipper ATF-like transcription factor; shBATF, short hairpin RNA targeting BATF; shCtrl, control short

hairpin RNA; RT-qPCR, reverse transcription-quantitative PCR.

Collection of the Chinese Academy of Sciences and cultured
in RPMI-1640 medium (Thermo Fisher Scientific, Inc) with
10% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.),
100 TU/ml penicillin (Sigma-Aldrich; Merck KGaA) and
100 ug/ml streptomycin (Sigma-Aldrich; Merck KGaA), at
37°C in a humidified incubator containing 5% CO,.

Reverse transcription-quantitative PCR (RT-qPCR). Total
RNA was extracted from tissue samples and cultured cells
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions. cDNA was
synthesized from total RNA (500 ng) in a 10 ul reaction volume
using a PrimeScript RT-PCR kit (Takara Bio, Inc.) using the
following conditions: 5 min at 25°C, 25 min at 52°C and 10 min
at 80°C. Then, gPCR was performed using the power SYBR
Green master mix (Thermo Fisher Scientific, Inc.). GAPDH
was used as an internal control. The primers used were: BATF
forward, 5'-AGAAGAGTTCAGAGGAGGGA-3' and reverse,
5'-CGTTCTGTTTCTCCAGGTCT-3'; GAPDH forward,
5"“TGACTTCAACAGCGACACCCA-3' and reverse, 5'-CAC
CCTGTTGCTGTAGCCAAA-3". qPCR was performed using
SYBR Premix Ex Taq II (Takara Biotechnology Co., Ltd.),

and the thermocycling conditions used were: 95°C for 10 min,
followed by 39 cycles of 95°C for 1 min, 55°C for 30 sec, and
72°C for 45 sec. The 2244 method was used to determine rela-
tive (BATF/GAPDH) mRNA expression (20).

Lentiviral shRNA vector construction and infection. For
knockdown of BATF, a lentiviral sShRNA vector targeting the
human BATF gene was constructed by Shanghai GeneChem
Co., Ltd. The targeting sequence of BATF was synthesized
and cloned into the lentiviral vector pGVX115-GFP (Shanghai
GeneChem Co., Ltd.) to produce pGV115-shBATF at 37°C for
2 h. For control cells, transfection was performed using an empty
vector carrying GFP. To establish stable cell lines, 2 pg/ml
puromycin was added to the medium for 1 week following
transfection with the lentiviral vectors. Knockdown efficiency
was verified using RT-qPCR and western blot analysis.

Western blot analysis. Cell lines were harvested 3 days post
transfection and washed twice with cold PBS, and then cell
lysates were prepared by adding radioimmunoprecipitation
assay lysis buffer (Beyotime Institute of Biotechnology)
containing 1 mM phenylmethanesulfonyl. The lysate was
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Figure 3. A549 cell proliferation following shBATF/shCtrl infection detected by the Celigo imaging cytometry system. (A) A549 cell proliferation following
shBATF/shCtrl infection between days 1 and 5. (B) Proliferation curves of A549 cells based on the Celigo imaging cytometry. "P<0.05; “"P<0.01. BATF, basic
leucine zipper ATF-like transcription factor; shBATF, short hairpin RNA targeting BATF; shCtrl, control short hairpin RNA; BATF, basic leucine zipper
ATF-like transcription factor; shBATF, short hairpin RNA targeting BATF; shCtrl, control short hairpin RNA.

stored at -20°C until further experimentation. Proteins
(~30 pg each lane) were separated with 12% SDS-PAGE, and
transferred onto PVDF membranes (EMD Millipore; Merck
KGaA). Membranes were incubated with primary antibodies
to BATF (1:500; cat. no. ab236876; Abcam), and B-actin
(1:500; cat. no. sc-47778; Santa Cruz Biotechnology) over-
night at 4°C. Next, the membrane was washed and incubated
with the corresponding secondary antibodies [horseradish
peroxidase-conjugated (HRP) goat anti-rabbit; 1:5,000;
cat. no. P044801-2; Dako; Agilent Technologies or HRP goat
anti-mouse IgG H&L; 1:1,000; cat. no. ab6708; Abcam or goat
anti-rabbit IgG; 1:1,500; cat. no. bs-0295G; BIOSS] at room
temperature for 1 h. Protein bands were quantified using a
bio-imaging system (DNR Bio-Imaging Systems, Ltd.).

Cell proliferation and viability assays. Cell proliferation and
viability were analyzed by the Celigo imaging cytometry
system and MTT assay, respectively. The fluorescence inten-
sity of entire wells, of transfected A549 cells was detected,
and the number of cells was automatically calculated by the
Celigo imaging cytometry system (Nexcelom Bioscience
LLCQ). Cell viability was measured using a Cell Viability kit
(MTT; Roche Diagnostics) solubilized in 150 pl dimethyl
sulfoxide according to the manufacturer's instructions. The
absorption of the solution was measured at 570 nm at various
time points.
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Figure 4. A549 cell viability following shBATF and shCtrl infection exam-
ined by MTT assay between days 1 and 5. "P<0.05; “"P<0.01; *“P<0.001.
BATF, basic leucine zipper ATF-like transcription factor; shBATF, short
hairpin RNA targeting BATF; shCtrl, control short hairpin RNA; OD, optical
density.

Apoptosis assay. A total of 1x10° cells/well were incubated
in 6-well plates for 24 h and treated with shBATF and
shCtrl for 48 h, both at 37°C. The cells were washed, and the
Annexin V-APC Apoptosis Detection kit (eBioscience, Inc.)
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Figure 5. Apoptosis of A549 cells following shBATF and shCtrl infection was examined by flow cytometry. (A) Apoptosis analysis in A549 cells with shBATF
or shCtrl infection. (B) The percentage of apoptotic A549 cells. “P<0.01. BATF, basic leucine zipper ATF-like transcription factor; shBATF, short hairpin

RNA targeting BATF; shCtrl, control short hairpin RNA.

was used according to the manufacturer's instructions.
Cells were analyzed by flow cytometry (FACScalibur;
BD Biosciences), and the percentage of apoptotic cells was
determined using ModFit LT v5.0 software (Verity Software
House, Inc.). Each experiment was performed three times.
Caspase 3/7 activity was measured using a homogeneous
luminescence-based assay with a Caspase 3/7 Glo Assay
kit (Promega Corporation) according to the manufacturer's
instructions. Following transfection with shCtrl and shBATF,
AS549 cells were treated with 0,0.01,0.1 and 1.0 M cetuximab
for 24 h. For luminosity, the cells were analyzed by an Infinite
F500 multifunction microplate reader (Tecan Trading AG).

Statistical analysis. Statistical analysis was performed
using GraphPad Prism 5 software (GraphPad Software,
Inc.). Statistical differences were analyzed and calculated by
unpaired two-tailed Student's t-test or one-way analysis of
variance (ANOVA) followed by Bonferroni's post hoc test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

The expression levels of BATF in TCGA dataset. In TCGA
database, a total of 57 pairs of mRNA expression profiles
of NSCLC tissues and adjacent non-tumor tissues were
screened. The differences in the expression levels of NSCLC
and adjacent non-tumor tissues were analyzed and described
using a paired samples linear graph (Fig. 1A) and a bar graph
(Fig. 1B). Compared with that in adjacent non-tumor tissues,
BATF expression was significantly upregulated in NSCLC
(P=6.56x10%).

Knockdown efficiency of BATF by shRNA lentivirus infection
in A549 cells. Endogenous BATF expression in human
NSCLC A549 cells was detected by RT-qPCR. In the A549
cell line, BATF was moderately expressed, which indicated
that A549 cells were suitable for BATF knockdown analysis.
To investigate the role of BATF in A549 cells, lentiviruses
carrying shBATF and shCtrl were used to infect A549 cells;
the transfection efficiency was evaluated using RT-qPCR, and
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Figure 6. Caspase 3/7 activity of the A549 cell line was determined following
shBATF/shCtrl infection in the shBATF and shCtrl groups. “P<0.01. BATF,
basic leucine zipper ATF-like transcription factor; shBATF, short hairpin
RNA targeting BATF; shCtrl, control short hairpin RNA.

the results revealed that BATF mRNA levels were reduced by
50% in the shBATF group compared with the shCtrl group
(Fig. 2A). Western blot analysis demonstrated similar results
(Fig. 2B).

Knockdown of BATF inhibits the proliferation of A549 cells.
To generate the cell growth curve, a cell imaging system and
an MTT assay were used. As shown in Fig. 3, the proliferation
in the shBATF group was significantly inhibited compared
with that in the shCtrl group according to the Celigo imaging
cytometry system (P<0.01).

Cell viability was determined by MTT assay. The results
demonstrated that in the A549 cell line, the cell viability of
the shBATF group was significantly lower (P<0.001) between
days 3 and 5 compared with that of the shCtrl group (Fig. 4).

Knockdown of BATF induces apoptosis in A549 cells. The
effect of BATF knockdown on apoptosis was detected by
annexin V staining. Compared with the control group, the
apoptotic rate of the sShBATF group was significantly increased
in the A549 cell line (P<0.01; Fig. 5), suggesting that knock-
down of BATF promoted apoptosis in A549 cells.
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Knockdown of BATF increases caspase 3/7 activity in A549
cells. As shown in Fig. 6, in the A549 cell line, caspase 3/7
activity was significantly increased following shBATF infec-
tion compared with shCtrl infection (P<0.01).

Discussion

The main aims of this study were to investigate the biological
roles of BATF in human NSCLC cells and to elucidate the
role of BATF in the development of lung cancer. Lung cancer
is often a multifactorial process involving processes such
as ECM degradation, transmission, basement membrane,
cell adhesion, vascular production and movement (21-25).
Therefore, identification of novel biomarkers is crucial for the
improvement of clinical outcomes for NSCLC patients.

Dorsey et al (19) first described BATF as a modulator
of the AP-1 transcription complex in specific human tissues
following identification in a cDNA library from Epstein-Barr
virus-infected human B cells. Analysis of polyadenylated
mRNA from different human tissues and established cell lines
revealed a strong hybridization in Raji Burkitt's lymphoma cells
and in the healthy lung tissue (26). BATF knockout mice have
a defect in TH17 development based on its direct regulation of
both RORyt and of RORyt target genes such as IL-17A. (27).
BATF serves a crucial role in Th17 differentiation and exhibits
distinct DNA binding specificity and protein-protein interac-
tions with Thl17-specific factors (28). Th17 cells serve a key
role in the development of NSCLC (29).

In the present study, screening of TCGA database revealed
that BATF was expressed at significantly higher levels in
NSCLC tissues compared with adjacent non-tumor tissues. In
addition, BATF was moderately expressed in the A549 NSCLC
cell line. Therefore, lentivirus-mediated BATF shRNA
was constructed and transfected into A549 cells; the results
revealed that cell proliferation was inhibited in BATF-silenced
A549 cells. Compared with that of the control group, the apop-
totic rate of the BATF-shRNA group was significantly higher.
These results suggested that BATF may regulate NSCLC
cell proliferation and apoptosis in vitro. A number of studies
provide support that BATF may play an important role in
the development of different types of cancer, including colon
cancer, lymphoma and multiple myeloma (16-18).

There were certain limitations to the present study. Only
one lung cancer cell line was used; the results will be verified
in other lung cancer cell lines and normal cell lines in a future
study. In addition, a larger sample size is required to identify
the association between BATF expression and clinical features
of NSCLC in the future.

In conclusion, the results of the present study demonstrated
that BATF was upregulated in NSCLC tissues in TCGA data-
base. In the human NSCLC A549 cell line, BATF knockdown
inhibited cell proliferation and promoted apoptosis. Although
detailed mechanisms remain to be elucidated, these results
suggested that BATF may serve an oncogenic role in the
development of NSCLC. Therefore, BATF may be a potential
target for the treatment of NSCLC.
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