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Abstract: Cyclooxygenase-2 (COX-2) is overexpressed in most human cancers, but its precise regulatory mechanism 
in cancer cells remains unclear. The aims of this study are to discover and identify the new regulatory factors which 
bind to the COX-2 promoter and regulate COX-2 expression and cancer cell growth, and to elucidate the mechanisms 
of action of these factors in lung cancer. In this study, the COX-2 promoter-binding protein BPTF (bromodomain 
PHD finger transcription factor) was detected, identified and verified by biotin-streptavidin-agarose pulldown, mass 
spectrum analysis and chromatin immunoprecipitation (ChIP) in lung cancer cells, respectively. The expressions 
of COX-2 and BPTF in lung cancer cell lines, mouse tumor tissues and human clinical samples were detected by 
RT-PCR, Western blot and immunohistochemistry assays. The interaction of BPTF with NF-kB was analyzed by im-
munoprecipitation and confocal immunofluorescence assays. We discovered and identified BPTF as a new COX-2 
promoter-binding protein in human lung cancer cells. Knockdown of BPTF inhibited COX-2 promoter activity and 
COX-2 expression in lung cancer cells in vitro and in vivo. We also found that BPTF functioned as a transcriptional 
regulator through its interaction with the p50 subunit of NF-kB. Knockdown of BPTF abrogated the binding of p50 
to the COX-2 promoter, while the inhibition of p50 activity abolished the decreased trend of COX-2 expression and 
lung cancer cell proliferation caused by BPTF silencing. Moreover, we showed that the expressions of BPTF and 
COX-2 in tumor tissues of lung cancer patients were positively correlated, and high co-expression of BPTF and COX-2 
predicted poor prognosis in lung cancer patients. Collectively, our results indicated that BPTF cooperated with p50 
NF-κB to regulate COX-2 expression and lung cancer growth, suggesting that the BPTF/p50/COX-2 axis could be a 
potential therapeutic target for lung cancer.
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Introduction

Inflammation is a hallmark of cancer [1]. As an 
important inflammatory factor, COX-2 (cyclooxy-
genase-2) has been demonstrated to play an 
important role in regulating the growth of can-
cer, including colon cancer, stomach cancer, 
esophageal cancer, lung cancer, breast cancer 
and skin cancer [2-10]. Inhibition of COX-2 
expression by aspirin has been shown to sup-
press tumor growth [11-14]. COX-2 functions as 
an important cellular factor to regulate tumor 
growth via multiple molecular mechanisms [15-
23]. It catalyzes the production of PGE2, which 
stimulates the EGFR-ERK pathway to promote 
tumor growth. It can also inhibit apoptosis of 

tumor cells by upregulating BCL-2 expression 
and downregulating the cleavage of caspases. 
In addition, COX-2 can restrain the immune sys-
tem by controlling neutrophil infiltration and 
activation of macrophage. Although previous 
studies have indicated that COX-2 is highly 
expressed in many tumors and plays an impor-
tant role in tumor growth, the precise regulatory 
mechanism of COX-2 in cancer cells remains 
unclear. The transcriptional factors such as 
SP1, AP-2, CBP and NF-κB have been shown to 
be involved in the regulation of COX-2 expres-
sion [24-28]. However, it is reasonable that 
besides these known transcriptional factors, 
there must be some other new tumor-specific 
transcriptional factors that can also bind to the 
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promoter of COX-2 and regulate its expression 
in cancer cells to be further involved in cancer 
growth control. In this study, we identified BPTF 
(bromodomain PHD-finger transcription factor) 
as one of the new COX-2 promoter-binding pro-
teins in human lung cancer cells using biotin-
streptavidin agarose pulldown assay and pro-
teomic technique.

BPTF is the largest unit of NURF (ATP-dependent 
nucleosome remodeling factor), which regu-
lates chromatin remodeling. BPTF can recog-
nize histone loci of methylation and acetylation 
[29, 30]. Its PHD finger structural domain can 
specifically identify and bind H3K4me2/3, 
while its bromodomain can specifically bind the 
acetylation peptides of H4K12/16/20, thereby 
increasing the transcriptional activity. BPTF has 
been shown to promote the growth of lung can-
cer and melanoma [31-33]. Furthermore, BPTF 
is required for the transcriptional activity and in 
vivo tumorigenesis of c-myc [34-36]. In addi-
tion, the depletion of BPTF can enhance T-cell-
mediated antitumor immunity [36-39]. In this 
study, we further investigated the roles of BPTF 
in the regulation of COX-2 expression and lung 
cancer cell growth, and also explored the 
molecular mechanism and the potential clinical 
significance of the BPTF/COX-2 signaling path-
way in lung cancer.

Material and methods

Cell lines and cell culture

HLF (human normal lung cell line), A549 (pul-
monary adenocarcinoma cell line), NCI-H460 
(large cell lung carcinoma cell line), H322 (pul-
monary adenocarcinoma cell line), and H1299 
(non-small cell lung cancer cell line) were ob- 
tained from the American Type Culture Coll- 
ection (ATCC, Manassas, VA). HLF was cultured 
in DMEM medium. A549 was cultured in DM- 
EM/F12 medium. H322, NCI-H460 and H1299 
were cultured in RPMI-1640 medium. All the 
mediums were supplied with 10% fetal bovine 
serum. All cells were maintained in a humidified 
atmosphere and 5% CO2 at 37°C.

Streptavidin-agarose pulldown assay

The biotin-labeled double-stranded oligonucle-
otide probe was purchased from TAKARA Bio 
Inc. (Shiga, Japan), which corresponded to the 
-30~-508 fragment of COX-2 promoter se- 
quence (sense: 5’-ACGTGACTTCCTCGACCCTC- 

3’; antisense: 5’-AAGACTGAAAACCAAGCCCA 
-3’). 400 μg nuclear protein, 4 μg double-
stranded oligonucleotide probe, 500 μl PBS 
with proteinase inhibitor and 50 μl streptavidin-
agarose beads solution were incubated on a 
rotating wheel at room temperature for 2 hours. 
Afterward, the DNA-protein complex was pre-
cipitated by centrifugation, and PBSI (PBS buf-
fer with protease inhibitor) was used to wash 
the complex. The precipitated proteins were 
then denatured by boiling in 30 μl 2× SDS-PAGE 
loading buffer at 95°C for 5 min before ana-
lyzed by Western blot.

Chromatin immunoprecipitation (ChIP) assay 

ChIP assay was performed using the ChIP IT 
Express kit (Active Motif Company). Briefly, cells 
were treated with formaldehyde to fix protein/
DNA interactions and then the fixed chromatin 
was sheared by sonication. The sheared chro-
matin was incubated with the antibody against 
BPTF, and antibody-bound protein/DNA com-
plexes were pulled down by protein G-coupled 
magnetic beads. The immunoprecipitated chro-
matin was eluted after reverse crosslinking. 
The recovered DNA was analyzed by PCR to 
identify the DNA fragment of COX-2 promoter 
region associated with BPTF using pertinent 
primers (Primer 1: 5’-ACGTGACTTCCTCGACCC- 
TC-3’, Primer 2: 5’-CAGGCGCACAGGTTTCCGCC- 
3’).

Luciferase assay

Cells were seeded in six-well plates and then 
BPTF siRNA and COX-2 promoter-driven lucifer-
ase plasmids were co-transfected into the cells 
by lipofectamine 3000 at the same time. 48 
hours after transfection, the Luciferase Assay 
kit was applied to examine the luciferase ex- 
pression in the cells according to the instru- 
ctions. 

Western blot analysis 

Protein samples with proteinase/phosphatase 
inhibitors (Thermofisher, USA.) were diluted in 
SDS sample loading buffer and resolved by 
PAGE. 30-40 μg total protein was transferred to 
0.22 μm or 0.45 μm PVDF (Millipore, Germany) 
overnight at 20-30 V. Membranes were blotted 
with antibodies of BPTF (Abcam, USA) at 
1:2000, β-actin (Proteintech, USA) at 1:5000, 
GAPDH (Proteintech, USA) at 1:5000, overnight 
at 4°C, and then with HRP-conjugated second-
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ary anti-rabbit or mouse antibodies (Proteintech, 
USA) at 1:5000-1:10000 dilutions for about 2 
hours at room temperature in TBST. The protein 
bands were detected by ECL (Advansta, USA) 
according to manufacturer’s instructions.

RT-PCR

Total RNA was extracted and reversely tran-
scribed into cDNA according to the instructions 
of RNAiso Plus kit and PrimeScript TM RT 
reagent Kit with gDNA Eraser (TaKaRa). The 
cDNA was amplified by PCR by the protocol of 
TaKaRa Taq TM Hot Start Version. The sequence 
of forward primer of BPTF was 5’-AATCGGAGA- 
AGTCCAACGGG-3’; the sequence of reverse 
primer of BPTF was 5’-TTGCCCTATGTGATGCC- 
CAG-3’. And the sequences of the primers of 
COX-2 were: 5’-TCACAGGCTTCATTGACCAG-3’ 
and 5’-CCGAGGCTTTCTACCAGA-3’. They were 
produced by life Technologies Company (Invi- 
trogen, Carlsbad, USA). 

Transient transfection of siRNA

siRNA was synthesized by Shanghai Gene- 
pharma Company (China). Their sequences 
were: nonspecific siRNA: 5’-UUCUCCGAACGU- 
GUCACGUTT-3’ and 5’-ACGUGACACGUUCGGA- 
GAATT-3’; BPTF-siRNA-1 (BPTF-homo-1550): 5’- 
GGUCCAACUUGCAGAAUUATT-3’ and 5’-UAAU- 
UCUGCAAGUUGGACCTT-3’; BPTFsiRNA-2 (BP- 
TF-homo-6959): 5’-GACCCAAACAACUGUUUCA- 
TT-3’ and 5’-UGAAACAGUUGUUUGGGUCTT-3’. 
The cells were cultured in six-well plate to 60% 
confluency when the mixture containing RNA- 
iMax (Invitrogen, Carlsbad, USA) and BPTF si- 
RNA were added. After 48 or 72 hours, cells 
were collected for analysis.

Immunohistochemistry (IHC) staining

The tissue microarray slides were deparaf-
finized in xylene and rehydrated through graded 
alcohol. Antigen retrieval was performed by 
incubating samples and with Target Retrieval 
Solution (pH 9; DakoCytomation) for 15 min-
utes using a pressure cooker. Then the slides 
were immersed in methanol containing 3% 
hydrogen peroxide for 20 minutes to block 
endogenous peroxidase activity. After preincu-
bation in 2.5% blocking serum to reduce non-
specific binding, the sections were incubated 
overnight using primary antibody anti-BPTF 
(Bethyl, 1:50 dilution) or anti-COX-2 (Abcam 
diluted to 1:50) in a humidified container at 

4°C. The tissue microarray slides were pro-
cessed with horseradish peroxidase immuno-
chemistry according to the manufacturer’s rec-
ommendations (DakoCytomation, CA). As a 
negative control, the staining procedure was 
performed with the primary antibody replaced 
by a normal rabbit IgG. Staining intensity was 
graded as: no staining as “-” for 0, weak as “+” 
for 1, moderate as “++” for 2, strong as “+++” 
for 3. Tissue staining percentage was calculat-
ed as follows: <25% positive cell staining 
scored for 1, 25%-50% positive cell staining for 
2, 50%-75% positive cells staining for 3, and 
over 75% positive cells staining for 4. The total 
score of each sample is calculated by tissue 
staining intensity value multiplied by tissue 
staining percentage value. Therefore, the high-
est score is 12. Tissue protein expression was 
defined as high with a score >7, and low with a 
score ≤6. The result was analyzed indepen-
dently by two senior pathologists.

Human lung adenocarcinoma tissue microar-
ray

The human lung adenocarcinoma tissue micro-
array with 75 cases of lung adenocarcinoma 
and their adjacent non-malignant lung tissues 
was purchased from Shanghai Outdo Biotech 
(China). None of these cases got anticancer 
therapies before tumor resection. The detailed 
clinical and pathological information included 
age, sex, chief complaints, TNM stage, and 
overall survival (OS) duration.

Co-immunoprecipitation assay

The nuclear proteins were extracted. 500 μg 
nuclear proteins and 1-2 μg antibody were incu-
bated respectively with a specific rabbit poly-
clonal antibody against BPTF or p50 or a non-
specific rabbit IgG in 500 μl ice-cold PBSi (PBS 
with protease inhibitor cocktail) at 4°C on a 
rotator for 4-6 hours, before the addition of 50 
μl ProteinA/G agarose beads and further incu-
bation at 4°C on a rotator overnight. The beads 
were then washed 3-5 times with PBSi buffer 
and suspended in 50 μl 2× SDS-PAGE loading 
buffer. The mixtures were boiled at 95°C for 5 
min and centrifuged. The supernatant was col-
lected and analyzed by Western blot.

Confocal immunofluorescence

The cells were seeded onto the cover slips in 
six-well plates and cultivated overnight. The 
cells were fixed by 4% paraformaldehyde for 15 
minutes at room temperature, permeabilized 
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by 0.5% Triton X-100 for 5 minutes, and blocked 
by 10% BSA for 30 minutes. The primary anti-
body against p50 (diluted to 1:50) or BPTF 
(diluted to 1:100) was then added and incubat-
ed overnight at 4°C. PBS was used to wash 
away the unbound primary antibody before the 
incubation with the secondary antibody conju-
gated with fluorescein isothiocyanate or rhoda-
mine at room temperature for 1 hour in the 
dark room. After several washes with PBS, the 
slides were sealed by 20 μl anti-fade reagent, 
and the samples were observed using a Leica 
laser confocal microscope.

Xenograft mouse model and tumor processing

Animal experiments were conducted under the 
approval of APF laboratory Animal Center at 
Dalian Medical University according to the 
National Institute of Health Guide for the Care 
and Use of Laboratory Animal. A549 cells 
(5×106) were implanted subcutaneously in the 
left flank of nude mice. After 14 days, the 
tumors grew to approximately 5 mm×5 mm 
(length × width), and the nude mice were ran-
domly divided into two groups with five in each 
group. The two groups of mice had no differ-
ence in size and tumor volumes. The first group 
of mice was injected with control shRNA, while 

tical analysis. P<0.05 was considered to be sta-
tistically significant.

Results

BPTF was identified as a COX-2 promoter bind-
ing protein

In order to discover new specific regulatory fac-
tors of COX-2 transcription in lung cancer cells, 
streptavidin/biotin pull-down assay and mass 
spectrometry were used to identify the COX-2 
promoter binding proteins in lung cancer cells 
compared with human lung fibroblast (HLF). As 
shown in Figure 1A, we detected a specific pro-
tein band with a molecular weight of about 300 
kDa. Candidate targets were excised from gels 
and subjected to protein identification by un- 
dertaking the in-gel digestion approach and 
using mass spectrometric and proteomic tools. 
The identification result indicated that the pro-
tein band with the molecular weight of approxi-
mately 300 kDa is BPTF. We next verified BPTF 
as a COX-2 promoter-binding protein by immu-
noblot assay in the complex of the binding 
nuclear proteins pulled down by streptavidin-
agarose beads coated by the biotin-labeled 
COX-2 promoter probe (Figure 1B). High level of 
BPTF protein was detected in the complexes 

Figure 1. BPTF was identified as a COX-2 promoter binding protein. A. The 
COX-2 promoter-binding proteins were pulled down, separated by the SDS-
PAGE, and stained with Coomassie Brilliant Blue. A tumor specific protein of 
~300 kDa was indicated by arrow. B. The biotinylated COX-2 promoter probe 
was used to pull down its binding proteins. BPTF was identified to be one 
of the proteins by Western blot. C. Chromatin immunoprecipitation assay of 
COX-2 promoter in lung cancer cells.

the other group was injected 
with BPTF shRNA. The shRNA 
plasmids were transfected in- 
to tumors using lipofectamine 
3000. 25 μg shRNA in 100 μl 
mixture liquid was injected 
once every 4 days for 28 days. 
The tumor volume was mea-
sured with digital calipers and 
calculated as volume = (width2 
× length)/2. In the end, the 
mice were humanely sacri-
ficed for further analysis of 
related proteins by Western 
blot. 

Statistical analysis

To study the correlation be- 
tween BPTF and COX-2 expres-
sion, χ2 test was used in the 
analysis of lung adenocarci-
noma samples. The survival 
curves were generated by 
Kaplan-Meier method and 
analyzed by log rank test. 
SPSS 17.0 was used for statis-
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pulled down from A549, H322, NCI-H460 and 
H1299 cell lines, whereas nearly no BPTF pro-
tein was found in the complexes from HLF cells. 
ChIP assay also validated that BPTF could bind 
to COX-2 promoter in lung cancer cells specifi-
cally (Figure 1C). These results show that BPTF 
can bind to COX-2 promoter in lung cancer cells 
and might further affect the expression of 
COX-2.

BPTF regulated COX-2 expression transcrip-
tionally 

To consolidate the effect of BPTF on COX-2 pro-
moter activity in lung cancer cells, we investi-

gated the effect of BPTF on COX-2 promoter-
driven luciferase and found that BPTF knock-
down significantly inhibited COX-2 promoter 
driven luciferase expression, verifying the 
direct transcriptional activation of COX-2 by 
BPTF via anchoring at its promoter as transcrip-
tional factor (Figure 2A, 2B). Next, we detected 
that BPTF knockdown considerably inhibited 
the expression of COX-2 at both mRNA (Figure 
2C) and protein levels (Figure 2D). In addition, 
we validated the regulation of COX-2 expres-
sion by BPTF in a lung cancer mouse model in 
vivo. Ten nude mice were injected with A549 
cells and the mice were randomly divided into 2 

Figure 2. BPTF knockdown inhibited COX-2 promoter activity and COX-2 expression. A. A549 cells were co-transfect-
ed with BPTF siRNA and COX-2 promoter driven luciferase plasmid for 48 hours. Then the luciferase expression was 
analyzed by a microplate reader (***P<0.001). B. NCI-H460 cells were also co-transfected with BPTF siRNA and 
COX-2 promoter driven luciferase plasmid, and then analyzed by the microplate reader (*P<0.1). C. A549 and NCI-
H460 cells were transfected with BPTF specific siRNA and the mRNA expression of BPTF and COX-2 was analyzed 
by RT-PCR. D. BPTF was knocked down by BPTF siRNA, and the protein expression of BPTF and COX-2 was detected 
by Western blot in A549 and NCI-H460 cells. E. Ten nude mice were injected with A549 cells and tumors grew to 
5 mm×5 mm (length × width) after 2 weeks. Nude mice were randomly divided into 2 groups. BPTF shRNA and 
control shRNA were respectively injected into the tumors once every 4 days. After 28 days, the mice were sacrificed 
to examine the expression of BPTF and COX-2. Representative results from two pairs of nude mice were shown. F. 
Image Lab software was used to analyze the protein bands of BPTF and COX-2 in the two groups of nude mice. Bars 
represent the mean (*P<0.05).
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Figure 3. BPTF and COX-2 were highly expressed in lung adenocarcinoma tissues and correlated with clinicopathological features. A. BPTF and COX-2 expression was 
detected in human normal lung cell line and NSCLC cell lines by Western blot. B. The expression of BPTF and COX-2 was analyzed by RT-PCR in normal lung cell line 
and NSCLC cell lines. C. IHC staining of BPTF and COX-2 was carried out in the tissue microarray of lung adenocarcinoma and adjacent non-malignant lung tissues.
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groups (BPTF shRNA group and control shRNA 
control) when the tumors grew to 5 mm×5 mm 
(length × width) after 2 weeks. The shRNAs 
were injected into the tumor tissue of the nude 
mice every 4 days. After 28 days, the nude 
mice were sacrificed and the levels of BPTF and 
COX-2 proteins in tumor tissues were detected 
by Western blot. As shown in Figure 2E, BPTF 
knockdown dramatically inhibited COX-2 ex- 
pression in the mice treated with BPTF shRNA 
compared to the mice treated with the control 
shRNA. We also quantitatively analyzed the 
COX-2 levels in the tumor tissues of the mice, 
and the expression of COX-2 was significantly 
lower in the sh-BPTF group (Figure 2F). To- 
gether, BPTF could directly regulate COX-2 ex- 
pression by binding to its promoter in lung can-
cer cells.

BPTF and COX-2 were highly expressed and 
positively correlated in lung tumor cells and 
human lung adenocarcinoma tissue samples

Firstly, we examined the expression of BPTF 
and COX-2 in NSCLC cell lines by Western blot 
and RT-PCR, and found that BPTF and COX-2 
were both highly expressed in A549 and NCI-
H460 lung cancer cell lines but not in normal 
HLF cells (Figure 3A, 3B). Moreover, to further 
confirm the regulation of COX-2 expression by 
BPTF, we analyzed their expression relationship 
in the tissue samples of patients with lung ade-
nocarcinoma. A microarray with 75 paired lung 
adenocarcinoma tissues and their adjacent 
normal lung tissues was used, and the expres-
sion of BPTF and COX-2 was analyzed by immu-
nohistochemistry. The result revealed that both 
BPTF and COX-2 had increased expression in 

between BPTF and COX-2 was 0.371 (P=0.001, 
χ2 test) (Figure 4B). In addition, we determined 
the relationship between the overall survival of 
the 75 patients and their BPTF/COX-2 expres-
sion by Kaplan-Meier analysis. The result dem-
onstrated that patients with low expression of 
BPTF and COX-2 live longer than those with 
high expression (Figure 4C). Collectively, the 
above results suggested that BPTF and COX-2 
were positively correlated in human lung ade-
nocarcinoma tissues.

BPTF interacted with P50 to co-regulate COX-2 
expression and lung cancer cell growth

It is well known that NF-κB functionalizes as the 
classic regulatory factors to control regulates 
COX-2 expression. Thus, we proposed that 
BPTF might interact with NF-κB p50/p65 to co-
regulated COX-2 expression. To obtain insights 
into the role of p50/p65 in BPTF-mediated 
COX-2 expression regulation in lung cancer 
cells, we applied immunoprecipitation assay 
first to detect the possible interaction between 
BPTF and p50/p65. The result showed that 
p50 was one of the potential factors precipi-
tated by BPTF antibody (Figure 5A), and revers-
ibly, BPTF was also precipitated by p50 anti-
body (Figure 5B). We then examined the co-
localization of BPTF and p50 in A549 and NCI-
H460 cell lines by immunofluorescence analy-
sis. As shown in Figure 5C, BPTF was mainly 
located in the nuclei of A549 and H460 cells, 
while p50 was mainly located in the nuclei of 
A549 cells, and in the cytoplasm of NCI-H460 
cells. However, the distribution of these two 
proteins in the nuclei was almost identical. 
Additionally, we knocked down BPTF in A549 

Table 1. Case material
Total 

(n=53)
BPTF and COX-2 high 

expression (n=36)
BPTF and COX-2 low 
expression (n=17) P

Male 29 18 (33.96%) 11 (20.75%) 0.24
Female 24 18 (33.96%) 6 (11.32%)
Age <60 y 28 19 (35.85%) 9 (16.98%) 0.58
Age ≥60 y 25 17 (32.08%) 8 (15.09%)
T1+T2 46 30 (56.60%) 16 (30.19%) 0.269
T3+T4 7 6 (11.32%) 1 (1.89%)
N0+N1 41 22 (71%) 19 (30%) 0.05
N2+N3 6 6 (11.32%) 0 (0%)
Nx 6 2 (3.77%) 4 (7.55%)
The association of BPTF and COX-2 expression with the clinicopathological fea-
tures was analyzed in human lung adenocarcinoma samples.

tumor tissues (Figure 3C). 
Consistently, the summary of 
the clinicopathological fea-
tures in Table 1 indicated that 
simultaneously high expres-
sion of BPTF and COX-2 was 
closely related with the metas-
tasis to the lymph node, but 
not with age, sex or tumor vol-
ume. Moreover, among the 75 
patients, 35 showed high ex- 
pression of BPTF and COX-2, 
whereas 17 showed low ex- 
pression of both BPTF and 
COX-2 (Figure 4A). The Pear- 
son’s correlation coefficient 
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and NCI-H460 cells, and found that the binding 
of p50 to COX-2 promoter was also down-regu-
lated accordingly (Figure 5D, 5E). Next, we 
used QNZ, an inhibitor of the transcription fac-
tor NF-κB, to treat lung cancer cells. The 
decreased expression of COX-2 was dramati-
cally observed following QNZ treatment (Figure 
5F). Moreover, BPTF knockdown could not fur-
ther down-regulate COX-2 expression upon QNZ 
treatment. Similarly, BPTF silencing statistically 
led to significant suppression of proliferative 
capacity, whereas BPTF down-regulation could 
not further inhibit cell viability under the influ-
ence of QNZ (Figure 5G), indicating that NF-κB 
p50/p65 was pivotal for BPTF to regulate the 
expression of COX-2 and cancer cell prolifera-
tion. These results suggested that BPTF and 
p50 were co-localized in the nuclei of cells and 
interacted to co-regulate COX-2 expression in 
lung cancer cells. 

Discussion

COX-2, an inducible cyclooxygenase, can pro-
mote the occurrence and development of colon 

cancer, stomach cancer, esophageal cancer, 
lung cancer, breast cancer, skin cancer and so 
on [6-14]. In vitro studies showed that tumor 
was dampened when COX-2 was suppressed by 
RNA interference or drug intervention. Recently, 
accumulating researches have focused on the 
discovery of transcriptional factors that regu-
late COX-2 expression, such as SP1, AP-2, 
CPSF4, CBP/P300 and NF-κB [24-28]. To dis-
cover novel tumor specific transcriptional fac-
tors of COX-2, we used streptavidin-agarose 
pulldown assay coupled with mass spectrome-
try, and found that BPTF was one of the tran-
scriptional factors of COX-2 in lung cancers. It 
was found to specifically bind to COX-2 promot-
er region and regulated COX-2 promoter activity 
and its expression in vitro and in vivo. Notably, 
consistent with the expression of COX-2, BPTF 
was found to be lowly expressed in normal lung 
cells and tissues, but highly expressed in lung 
cancer cells and tissues. Furthermore, patients 
of lung adenocarcinomas with both high expres-
sion of BPTF and COX-2 embraced more metas-
tasis to the lymph node and shorter overall sur-

Figure 4. BPTF and COX-2 expression was positively correlated and highly co-expression of BPTF and COX-2 predict-
ed poor prognosis in lung adenocarcinoma patients. A. The correlation between the protein expression of BPTF and 
COX-2 in lung adenocarcinoma tissues (P=0.001, χ2 test). B. The correlation coefficient of BPTF and COX-2 is 0.371. 
C. Kaplan-Meier analysis of overall survival with high and low expression of both BPTF and COX-2.
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vival, implying again the transcriptional regula-
tion of COX-2 by BPTF in lung cancer and their 
significance in clinical diagnosis and therapy. 

As the largest subunit of NURF that participates 
in chromatin remodeling, BPTF has two inter-
esting structural components, the PHD finger 
and the bromodomain. The PHD finger domain 
can recognize and specifically bind dimethyl 
and trimethyl H3K4, while the adjacent bromo-
domain can mediate the acetylation of H4K- 
12/16/20. In vivo, BPTF is enriched at H3K4me 
and H4K16ac [29, 30]. CBP (CREB-binding pro-
tein) is a highly conservative transcriptional 
coactivator, which has a similar structure to 

p300. Both CBP and p300 can recruit various 
transcriptional factors to chromatin to regulate 
their binding to the promoter regions of differ-
ent genes. Moreover, CBP has acetyl transfer-
ase activity for histone acetylation, and thus 
can increase chromatin accessibility, allowing 
transcriptional factors to bind to open promot-
ers [38-40]. Interestingly, CBP also has PHD 
finger and bromodomain structures. Previous 
studies reported that BPTF was essential to the 
c-MYC-induced remodeling of target chromatin, 
and its silencing dampened the c-MYC tran-
scriptional program [34, 35] and/or modulate 
the activity of histone acetyltransferases (HATs) 
or histone deacetylases at gene promoters. A 

Figure 5. BPTF interacted with p50 to regulate COX-2 expression. A. Co-immunoprecipitation was performed to ana-
lyze the interaction between BPTF and p50/p65. BPTF antibody was used to precipitate p50/p65. B. P50 antibody 
was used to immunoprecipitate BPTF. C. The co-localization of BPTF and COX-2 was analyzed by Laser confocal mi-
croscope in A549 and NCI-H460 cells. D. BPFT was knocked down in A549. The nuclear proteins were pulled down 
by biotin-labeled COX-2 promoter probe and streptavidin agarose beads, and p50 was detected by Western blot. E. 
The NCI-H460 cells were transfected with BPTF siRNA. The biotin-streptavidin pulldown assay was used to evaluate 
the binding of p50 at the COX-2 promoter region. Normal IgG was used as a negative control. F. A549 and NCI-H460 
cells transfected with BPTF specific siRNA or control siRNA for 48 hours were treated with or without QNZ (10 µM), 
and then BPTF and COX-2 expression were detected by western blot. G. A549 and NCI-H460 cells transfected with 
BPTF specific siRNA or control siRNA were treated with or without QNZ (10 µM), and then the cell viability was deter-
mined by MTT assay. (Error bars represent mean ± SEM. **P<0.01; ***P<0.001; ns, not significant).
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similar regulation was found in Drosophila 
melanogaster, where Nurf301 was required for 
the histone acetyl-transferase ATAC to access 
chromatin and maintain the decondensed 
architecture of the male X chromosome [41, 
42]. Accordingly, in this study, we have demon-
strated a novel molecular mechanism by which 
BPTF regulates COX-2 and tumor growth via 
recruiting and interacting with NF-κB p50. BPTF 
silencing significantly suppressed the binding 
of p50 at COX-2 promoter region, illustrating 
the necessity of BPTF in the NF-κB-induced 
remodeling of target chromatin. Meanwhile, the 
activity inhibition of NF-κB not only remarkably 
suppressed COX-2 expression and cancer cell 
growth, but also abolished the significance of 
COX-2 expression decrease and cancer cell pro-
liferation inhibition mediated by BPTF knock-
down, from another perspective suggesting the 
important role of NF-κB activity in BPTF’s pro-
oncogenic role in lung cancer progression. 

Conclusion

BPTF cooperated with p50 NF-κB to regulate 
COX-2 expression and lung cancer growth. 
BPTF and COX-2 expression was positively cor-
related and highly co-expression of BPTF and 
COX-2 predicted poor prognosis in lung adeno-
carcinoma patients. These results indicated 
that the BPTF/p50/COX-2 axis might be a 
potential therapeutic target for lung cancer.
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