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Abstract. Nematode anticoagulant protein c2 (NAPc2) is an 
85-residue polypeptide originally isolated from the hema-
tophagous hookworm, Ancylostoma caninum. Several studies 
have shown that rNAPc2 inhibits the growth of primary and 
metastatic tumors in mice independently of its ability to initiate 
coagulation. We obtained bioactive recombinant rNAPc2 by 
splicing of the rNAPc2-intein-CBD fusion proteins expressed 
in E. coli ER2566. In the in vitro assay, rNAPc2 obviously 
inhibited the invasive ability of non-small cell lung cancer 
(NSCLC) cells in a dose-dependent manner. Furthermore, 
rNAPc2 suppressed tumor growth in vivo by daily intraperito-
neal injection of rNAPc2 in an NSCLC cell xenograft model of 
nude mice. Respectively, rNAPc2 downregulated the produc-
tion of urokinase plasminogen activator (uPA) (P<0.05) and 
suppressed nuclear factor-κB (NF-κB) activity. We also identi-
fied that inhibition of NF-κB activity impaired cell invasion 
and reduced the uPA production in NSCLC cells. Meanwhile, 
NF-κB was found to directly bind to the uPA promoter in vitro. 
These results demonstrated that rNAPc2 inhibits cell invasion 
at least in part through the downregulation of the NF-κB-
dependent metastasis-related gene expression in NSCLC. Our 

results also suggest that uPA, a known metastasis-promoting 
gene, is indirectly regulated by rNAPc2 through NF-κB activa-
tion. These results indicate that rNAPc2 may be a potent agent 
for the prevention of NSCLC progression.

Introduction

Lung cancer continues to be the leading cause of cancer‑related 
mortality worldwide. Non-small cell lung cancer (NSCLC) 
accounts for ~85% of all the cases of lung cancer (1). Lung 
cancer is a highly metastatic disease, and the mortality of this 
type of cancer is strongly associated with its high tendency 
to metastasize to specific organs. Most patients present 
locally advanced or metastatic disease at the time of diag-
nosis. Chemotherapy remains the mainstay of treatment for 
patients with metastatic NSCLC. The median survival time 
for advanced NSCLC patients remains poor. Therefore, it is 
necessary to develop new drugs to improve the survival rate of 
lung cancer patients (2,3).

Nematode anticoagulant protein c2 (NAPc2) is an 
85-residue polypeptide originally isolated from the hema-
tophagous hookworm, Ancylostoma caninum (3,4). NAPc2 is 
a potent inhibitor of factor X (FX) activation by the extrinsic 
Xase complex composed of VIIa and tissue factor (5-7). It 
targets a specific site in the primary stages of the coagula-
tion pathway; it binds to FX or activated factor X (FXa) prior 
to the formation of an inhibitory complex with activated 
factor VII/tissue factor (FVIIa/TF). This inhibits coagula-
tion and decreases the formation of fibrin. The high affinity 
interaction between NAPc2 and FX is decisive for its phar-
macokinetics. NAPc2 is potentially an attractive agent, for 
its elimination half-life was found to be longer than 50 h 
following subcutaneous and intravenous administration in 
healthy male volunteers (6). Recombinant rNAPc2 has been 
shown to be very effective in reducing the incidence of deep 
venous thrombosis without hemostatic compromise when 
administered prophylactically in patients (8). Furthermore, 
rNAPc2 inhibits the growth of primary and metastatic tumors 
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in mice independently of its ability to initiate coagulation (9). 
rNAPc2 can inhibit colorectal tumorigenesis, progression and 
metastasis in mice through a TF-dependent mechanism, indi-
cating that rNAPc2 is a potent anticancer agent when used in 
combination with chemotherapy or anti-angiogenic therapy in 
mouse models of colorectal cancer (10).

The urokinase plasminogen activator (uPA) system has 
been implicated in angiogenesis, growth factor activation, 
mobilization, ECM remodeling, invasion and metastasis in 
tumors (11,12). It is currently believed that the expression and 
activation of uPA play an important role in tumorigenicity, and 
high endogenous levels of uPA are associated with advanced 
metastatic cancers  (13,14). Therefore, uPA is increasingly 
being recognized as a candidate target for gene therapy in 
cancers (15-20).

The purpose of the present study was to examine the 
effect of rNAPc2 treatment on the invasive ability of NSCLC 
cells. In the present study, we showed that rNAPc2 inhibited 
cell invasion and uPA protein production in NSCLC cells. Its 
inhibitory effect is possibly dependent on the nuclear factor-κB 
(NF-κB) activation pathway, indicating its potential use in 
cancer therapy.

Materials and methods

Materials. Isopropyl 1-thio-β-D-galactopyranoside (IPTG), 
penicillin and streptomycin were purchased from Sigma‑Aldrich 
(St. Louis, MO, USA). SN50 was purchased from Biomol 
(Plymouth Meeting, PA, USA). TRIzol, Dulbecco's modified 
Eagle's medium (DMEM) and fetal bovine serum (FBS) 
were obtained from Life Technologies (Carlsbad, CA, USA). 
Rabbit polyclonal NF-κB p65 antibody was purchased from 
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). Secondary 
antibodies for western blotting and immunofluorescence 
were obtained from Amersham Biosciences Corporation 
(Piscataway, NJ, USA). Other reagents were obtained from 
Sigma-Aldrich unless stated otherwise.

Generation of bioactive recombinant Ancylostoma caninum 
anticoagulant peptide c2. For the expression of high levels of 
rNAPc2 in E. coli, we designed and synthesized 14 oligonucle-
otides corresponding to the protein sequence of NAPc2 using 
the theoretically optimized codons in E. coli (21). These oligo-
nucleotides cover the full-length sense and antisense NAPc2 
gene with a 20-bp overlap. The NAPc2 cDNA was cloned into 
the pTWIN1, yielding pTWIN1-NAPc2. The NAPc2 cDNA 
was fused with the genes for the intein and chitin binding 
domain (CBD), which functions as an affinity tag for expres-
sion in E. coli and purification of rNAPc2 by pH-dependent 
cleavage. The plasmid was transformed into E. coli ER2566 
and was grown in LB media induced with 30 mM IPTG for 
3 h. The cell lysate was loaded onto a chitin column and the 
target protein was collected after triggered splicing with 
20 mM Tris-HCl, pH 7.2. The target protein rNAPc2 was 
sequenced from the N-terminus.

Cell culture. A549 and H1299 cells were purchased from the 
American Type Culture Collection (ATCC) and were main-
tained in DMEM supplemented with penicillin (50 U/ml), 
streptomycin (50 U/ml) and 10% FBS.

Cell invasion assay. A Transwell cell culture chamber (Merck 
Millipore, Bedford, MA, USA) was coated with Matrigel, dried 
and reconstituted at 37˚C with culture medium. rNAPc2 (0, 3, 
6 and 12 µg/ml) was added into the upper chamber. We placed 
culture medium containing 20% FBS in the lower chamber 
(24-well plates). Then the cells at 1x105 cells/chamber were 
added to the upper chamber in DMEM containing 10% FBS. 
After a 24-h incubation at 37˚C, the suspended media in the 
lower chamber were removed. The cells that had invaded to the 
lower side of the filter were fixed in 4% paraformaldehyde and 
stained with Giemsa solution. The number of cells that passed 
through the pores into the lower chamber were counted under 
a phase-contrast microscope. The invasion index is expressed 
as the ratio of the percent invasion of test cells over the percent 
invasion of the control cells.

Immunofluorescence. The cells were washed with phos-
phate‑buffered saline (PBS) twice and immediately fixed 
with 4% paraformaldehyde at 4˚C for 20 min. The cells were 
incubated with 3% BSA for 30 min and then with the primary 
antibody against NF-κB p65 overnight at 4˚C followed by 
incubation with the fluorescence-conjugated secondary anti-
bodies for 1 h at room temperature.

Preparation of cytoplasmic and nuclear extracts. Cytoplasmic 
and nuclear extracts were prepared according to the instruc-
tions of the Nuclear Extract kit from Active Motif (Carlsbad, 
CA, USA). Briefly, the cells were scraped, washed with 
phosphate-buffered saline (pH 7.4), resuspended in hypotonic 
buffer (10 mM HEPES, 1.5 mM MgCl2, 10 mM KCl, 0.2 mM 
phenylmethylsulfonyl fluoride and 0.5 mM dithiothreitol) and 
allowed to swell on ice for 10 min. The cells were homogenized 
in a Dounce homogenizer. The nuclei were separated by spin-
ning at 3,300 x g for 5 min at 4˚C. The supernatant was used 
as the cytoplasmic extract. The nuclear pellet was extracted 
in nuclear extraction buffer [20 mM HEPES (pH 7.9), 0.4 M 
NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 25% glycerol, 0.5 mM 
phenylmethylsulfonyl fluoride and 0.5  mM dithiothreitol 
(DTT)] for 30 min on ice and centrifuged at 12,000 x g for 
30 min. The supernatant was used as the nuclear extract. The 
protein concentrations in the supernatants of both the nuclear 
and cytoplasmic extracts were measured by the Bio-Rad 
protein assay. The nuclear and cytoplasmic extracts (30 µg) 
were resolved by SDS-PAGE, and the levels of phosphorylated 
IκBα were detected by western blot analysis.

NF-κB transcription factor assay. NF-κB transcription factor 
assay was performed according to the instructions of the 
TransAM NF-κB Family Transcription Factor Assay kit from 
Active Motif.

Total RNA extraction and real-time PCR analysis. Total 
cellular RNA was isolated using a single step method with 
TRIzol (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer's instructions. Real-time PCR was performed in 
a final volume of 20 µl containing 3 µl of cDNA sample, 
20 pmol of each primer and 2X IQ™ SYBR®-Green Supermix 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The 
following oligonucleotide primers were used: uPA-FP, 5'-CAG 
GGCATCTCCTGTGCATG-3'; uPA-RP, 5'-AGCCCTGCCC 
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TGAAGTCGTTA-3'; human GAPDH-FP, 5'-ACATGTTCC 
AATATGATTCCA-3'; human GAPDH-RP, 5'-AGCCCTG 
CCCTGAAGTCGTTA-3'. We used a denaturing step at 95˚C 
for 3 min and 40 cycles of 95˚C for 30 sec, 60˚C for 30 sec and 
72˚C for 30 sec. Each reaction was run in duplicate, and fluo-
rescence data were collected at the end of the extension step in 
every cycle.

uPA ELISA. Cells were treated with various concentrations 
(0, 3, 6 and 12 µg/ml) of rNAPc2 for 24 h. Levels of uPA in 
the conditioned medium were measured using commercially 
available uPA ELISA kits (American Diagnostica, Greenwich, 
CT, USA) according to the manufacturer's instructions.

Chromatin immunoprecipitation (ChIP). An ChIP assay was 
performed according to the instructions of the ChIP Assay kit 
from Active Motif. Sequences of promoter-specific primers 
5'-GAG GGG GCG GAA GGG GAG AA-3' and 5'-TGT GGT 
CAG TTT TGT TTG GAT TTG-3' were used to amplify the 
region of the uPA promoter containing the NF-κB element.

Nude mouse xenograft model. All experimental proce-
dures were conducted in accordance with the Principles of 
Laboratory Animal Care (Law on Animal Experiments in 
Denmark, publication 1306, November 23, 2007) and were 
approved by the West China Second University Hospital 
Animal Care and Use Committee. Female BALB/c nu/nu 
mice (4-5 weeks of age) were purchased from the Institute of 
Experimental Animals, Sichuan University (Chengdu, China). 
A549 or H1299 cells (1x106) were suspended in 100 µl PBS 
and injected subcutaneously in the right posterior flank region 
of the nude mice. After 10 days, when the tumors reached 
5-10 mm in diameter, the mice were randomly divided into 
3 groups (5 mice/group). Animals received rNAPc2 as daily 
intravenous injections of 400 µg/kg or PBS, respectively. 
Tumor dimensions were measured twice every 5 days by a 
linear caliper. Tumor volume (mm3) was calculated using 
the formula: length x width2/2. All the mice were sacrificed 

humanely on day 35 after implantation and the extirpated 
tumors were weighed.

Statistical analysis. Continuous variables are expressed as 
mean ± SD. Statistical differences were performed using t-test 
or Mann-Whitney U test. The results are the mean ± SD of 
values obtained from at least 3  separate experiments. All 
statistical analyses were performed by the software SPSS for 
Windows (version 13.0). Differences described as significant 
in the text correspond to P<0.05.

Results

Expression, purification and identification of rNAPc2. ER2566 
E. coli cells transformed with the pTWIN1-NAPc2 plasmid 
were grown in LB media at 37˚C and induced with 30 mM 
IPTG for expression of the rNAPc2-intein-CBD fusion protein. 
Fig. 1A shows that a large amount of rNAPc2 fusion proteins 
was detected in the supernatant and the cell lysate. As shown 
in Fig. 1B, western blot analysis revealed that a product with a 
molecular weight of 34 kDa was detected by the antibody against 
the CBD. As the C-terminal cleavage of the intein was favored 
at a pH 7.2, following splicing of the fusion proteins at a pH 7.2, 
the eluted rNAPc2 reached a concentration of 4 mg/ml with an 
expected 10-kDa molecular weight (Fig. 1A). The rNAPc2 was 
identified by N-terminal sequencing (data not shown).

rNAPc2 inhibits cell invasion and tumor growth in vivo. To 
provide insight into the possible mechanisms underlying the 
anticancer effect of rNAPc2, we examined whether rNAPc2 
impairs NSCLC cell invasion. In the in vitro invasion assay, 
rNAPc2 obviously inhibited the invasive ability of the NSCLC 
cells in a dose-dependent manner (Fig. 2). At doses of 3, 6 
and 12 µg/ml, treatment with rNAPc2 significantly (P<0.05) 
reduced the cell invasion, respectively, compared with the 
control group.

To further explore the effect of rNAPc2 on tumor growth 
in vivo, we investigated the ability of rNAPc2 to suppress tumor 

Figure 1. Expression, purification and identification of rNAPc2. (A) Analysis of rNAPc2 by SDS-PAGE. ER2566 cells transformed with the pTWIN1-NAPc2 
plasmid were grown in LB media at 37˚C and induced with 30 mM IPTG for expression of the rNAPc2-intein-CBD fusion protein. Lane 1, uninduced ER2566-
pTWIN1-NAPc2 lysate; lane 2, IPTG-induced ER2566 pTWIN1-NAPc2 lysate; lane 3, supernatant of IPTG-induced ER2566 pTWIN1-NAPc2 lysate; lane 4, 
purified rNAPc2; lane M, protein molecular weight standards. (B) Analysis of rNAPc2 by western blotting. The protein with a molecular weight of 34 kDa was 
detected by the antibody against the CBD. Lane 1, uninduced ER2566 cells; lane 2, IPTG-induced ER2566 cells. 
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growth in vivo by daily intraperitoneal injection of rNAPc2 at 
a dose of 400 µg/kg in A549 and H1299 xenograft models in 
nude mice. rNAPc2 at the dose of 400 µg/kg showed strong 
inhibition of tumor growth (Fig. 3A). The tumor volume in 
the mice injected with rNAPc2 was also significantly (P<0.05) 
smaller than the tumor volume in the mice injected with PBS 

from day 35 after implantation. The average tumor weight in 
the mice treated with rNAPc2 on day 35 after the implanta-
tion was significantly lower than the tumor weight in the mice 
treated with PBS alone (Fig. 3B). These results revealed that 
rNAPc2 significantly inhibited tumor growth in a nude mouse 
xenograft model.

rNAPc2 reduces cell invasion by inhibiting uPA expression 
in the NSCLC cells. We hypothesized that rNAPc2 inhibi-
tion of NSCLC cell invasion may be due to reduction in the 
uPA‑uPAR system. To test this hypothesis, we investigated 
uPA and uPAR mRNA expression levels in A549 and 
H1299 cells following the rNAPc2 treatment. As shown 
in Fig. 4A and B, rNAPc2 treatment significantly reduced 
the level of mRNA expression of uPA in cells in a dose-
dependent manner but not uPAR. Simultaneously, rNAPc2 
reduced uPA protein release in a dose-dependent manner 
in the supernatants of the A549 and H1299 cells (Fig. 4C). 
rNAPc2 at 3 µg/ml was sufficient to inhibit uPA protein 
release in the cell supernatants after rNAPc2 treatment for 
24 h (Fig. 4C). Treatment with uPA partially rescued the 
inhibition of cell invasion by rNAPc2 (P<0.05) (Fig. 4D). 
These results showed that rNAPc2 reduced cell invasion by 
inhibiting uPA expression in the NSCLC cells.

rNAPc2 reduces expression and release of uPA by inhibiting 
NF-κB activation in the NSCLC cell lines. NF-κB is present in 

Figure 3. (A) Treatment of rNAPc2 results in a decreased growth rate of the A549 and the H1299 cell tumors in a nude mouse xenograft model. Mice were 
randomly divided into 2 groups (5 mice/group). Mice received rNAPc2 as a daily intravenous injection of 400 µg/kg or PBS, respectively. The growth of the 
tumors was observed from 10 to 35 days after implantation. *P<0.05; **P<0.01. (B) Effect of rNAPc2 on tumor growth in a nude mouse xenograft model. All the 
mice were sacrificed humanely on day 35 after implantation and the extirpated tumors were weighed. The tumor mass in the nude mice treated with rNAPc2 
was significantly smaller. *P<0.01. rNAPc2, nematode anticoagulant protein c2; NSCLC, non-small cell lung cancer; PBS, phosphate‑buffered saline.

Figure 2. rNAPc2 inhibits NSCLC cell invasion and tumor growth. rNAPc2 
obviously inhibited the invasive ability of the NSCLC cells in a dose‑depen-
dent manner. rNAPc2 (0, 3, 6 and 12 µg/ml) was added into the upper 
chamber. The invasion index is expressed as the ratio of the percent inva-
sion of the test cells over the percent invasion of the control cells. *P<0.05; 
**P<0.01. rNAPc2, nematode anticoagulant protein c2; NSCLC, non-small 
cell lung cancer.
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the cytoplasm in a resting state and translocates to the nucleus 
in an activated state. We found that absorbance, which repre-
sents the transcriptional activation of NF-κB, was decreased 
in the rNAPc2-treated cells (Fig. 5A). Incubation with 5 ng/ml 
TNF-α for 6 h led to nuclear translocation of P65, indicating 
activation of NF-κB. However, translocation of NF-κB to the 
nucleus was significantly abolished by rNAPc2 (Fig. 5B).

Phosphorylation and subsequent proteolytic degrada-
tion of IκBα liberates NF-κB for nuclear translocation and 
binding to consensus sequences on promoters and activates 
NF-κB‑regulated genes. We therefore examined cytoplasmic 
IκBα degradation by western blot analysis. As shown in 
Fig. 5C, there was notable inhibition in IκBα degradation in 
the cells following rNAPc2 treatment. We performed an chro-
matin immunoprecipitation assay to identify that NF-κB can 
directly bind to the uPA promoter (Fig. 5D).

Then, the level of uPA mRNA expression was analyzed 
after inhibiting NF-κB activity of the cells. As shown in 
Fig. 5E, blockage of NF-κB activity reduced the level of uPA 

mRNA expression in the NSCLC cells. Correspondingly, 
ELISA analysis revealed that inhibition of NF-κB activity 
decreased uPA release in the conditioned medium of the 
NSCLC cells.

Discussion

Cancer patients are highly susceptible to thrombosis, which 
accounts for a significant portion of the morbidity and 
mortality of the disease. Antithrombotic drugs including 
warfarin and low-molecular-weight heparin have been used 
to prevent deep vein thrombosis and pulmonary embolism 
in cancer patients (22,23). In addition to preventing venous 
thromboembolism, antithrombotic therapy inhibits experi-
mental metastasis and prolongs survival in patients with solid 
tumor malignancies (22). NAPc2 was initially identified as a 
specific inhibitor of the tissue factor (TF)/factor VIIa complex 
with novel antithrombotic activity (8). Previous studies have 
shown that NAPc2 can block angiogenesis, tumor growth and 

Figure 4. rNAPc2 reduces cell invasion by inhibiting uPA expression in NSCLC cells. (A) rNAPc2 decreased the expression level of uPA mRNA in NSCLC 
cells in a dose-dependent manner. Cells were treated with various concentrations (0, 3, 6 and 12 µg/ml) of rNAPc2 for 24 h. The relative levels of uPA mRNA 
were determined by real-time PCR. *P<0.05 and **P<0.01. (B) Effect of rNAPc2 on the expression of uPAR mRNA in the NSCLC cells. The cells were treated 
with various concentrations (0, 3, 6 and 12 µg/ml) of rNAPc2 for 24 h. The relative level of uPAR mRNA was determined by real-time PCR. The expression 
level of uPAR mRNA was not significantly different between the rNAPc2 treatment group and the control (P>0.05). (C) rNAPc2 reduces uPA protein release in 
a dose-dependent manner in the supernatants of the NSCLC cells. The cells were treated with various concentrations (0, 3, 6 and 12 µg/ml) of rNAPc2 for 24 h. 
The level of uPA in conditioned medium was measured by ELISA. *P<0.05; **P<0.01. (D) Treatment with uPA partially rescued the inhibition of cell invasion 
by rNAPc2. rNAPc2 (6 µg/ml) was added into the upper chamber after the cells were pre-incubated with the recombinant uPA (100 nmol/l) for 1 h. The cells 
were allowed to migrate for 24 h at 37˚C. Invasion index was measured. Compared with control, the treatment with the uPA increased the invasion index of the 
NSCLC cells. *P<0.05 and **P<0.01. rNAPc2, nematode anticoagulant protein c2; NSCLC, non-small cell lung cancer; uPA, urokinase plasminogen activator; 
NSCLC, non-small cell lung cancer. PBS, phosphate‑buffered saline.
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metastasis by decreasing TF/FVIIa activity in experimental 
mouse models of melanoma and colorectal cancer  (8). In 
contrast, rNAP5, a second nematode anticoagulant protein that 
specifically inhibits fXa, does not exhibit antitumor activity. 
Since the hemostatic activity of TF/fVIIa is mediated through 
activation of fXa, these data suggest that proteolytic activity 
of TF/fVIIa promotes tumor growth and angiogenesis through 
an independent novel mechanism (9). In the present study, 
we employed a novel system to generate high-purity native 
NAPc2 in high yield by synthesizing the gene for NAPc2 with 
overlapping oligonucleotides and the IMPACT-TWIN system 
in E. coli. In fact, the generation of native rNAPc2 by tradi-
tional expression and purification systems has been difficult. 
Expression of recombinant protein in E. coli usually contains 
a permanent methionine or another tag that interferes with 
the bioactivity of the recombinant molecules. Expression of 
the recombinant protein in yeast and other eukaryotic cells 
commonly results in a low yield of products. The IMPACT™-
TWIN protein fusion and purification system utilizes the 
inducible self-cleavage activity of engineered protein splicing 
elements for protein purification and manipulation. The gene 

for rNAPc22 was fused with the genes for the intein and CBD, 
allowing us to purify the expressed rNAPc2 with a chitin 
column and pH-dependent cleavage.

Therefore, we obtained a high yield of rNAPc2 and 
observed that rNAPc2 obviously inhibited the invasive 
ability of A549 and H1299 cells in a dose-dependent manner 
and impaired tumor growth in a xenograft model of nude 
mice. Recent studies have demonstrated that patients with 
lung cancer express high levels of the uPA/uPAR system (13). 
The uPA/uPAR system induces cancer cell proliferation and 
migration. Inhibition of the uPA/uPAR system function 
with specific inhibitors significantly decreases cancer inva-
sion and metastasis (24). In fact, plasma levels of uPA were 
elevated in patients with bladder carcinoma and were associ-
ated with features of biologically aggressive disease (14). We 
showed that rNAPc2 downregulates the expression of uPA 
mRNA and decreases uPA release.

Several transcription factors, such as NF-κB have 
been implicated in the regulation of expression of uPA and 
uPAR (25). NF-κB plays an important role in carcinogen-
esis. NF-κB induces the expression of diverse target genes 

Figure 5. rNAPc2 reduces expression and release of uPA by inhibiting NF-κB activation in NSCLC cells. (A) rNAPc2 inhibited TNF-α-induced NF-κB activa-
tion of NSCLC cells as determined by ELISA. Cells were treated with 5 ng/ml TNF-α after pre-incubation with various concentrations (0, 3, 6 and 12 µg/ml) 
of rNAPc2 for 1 h. After TNF-α treatment for 6 h, NF-κB transcription factor assay of nuclear extracts was performed. NF-κB activation was decreased by 
rNAPc2. *P<0.05 and **P<0.01. (B) rNAPc2 significantly abolished the translocation of NF-κB to the nucleus induced by TNF-α (magnification, x400). Cells 
were treated with 5 ng/ml TNF-α after pre-incubation with rNAPc2 (12 µg/ml) for 1 h. After TNF-α treatment for 6 h, translocation of P65 to the nucleus was 
measured by immunofluorescence. The number of cells with nuclear NF-κB staining was quantified by per image frame. *P<0.05 and **P<0.01. (C) rNAPc2 
decreased the IκBα degradation in the NSCLC cell lines. Cytoplasmic IκBα degradation was examined by western blot analysis. Lane 1 (A549) and lane 2 
(H1299), controls; lane 3 (A549) and lane 4 (H1299), treated with 3 µg/ml rNAPc2; lane 5 (A549) and lane 6 (H1299), treated with 6 µg/ml rNAPc2; lane 7 
(A549) and lane 8 (H1299), treated with 12 µg/ml rNAPc2. Equal protein loading was confirmed using the GAPDH antibody. (D) NF-κB binds to the uPA 
promoter in the A549 and H1299 cells. ChIP assays were performed to identify uPA promoter sequences containing the putative NF-κB binding sites from 
chromatin complexes before (input) or after immunoprecipitation (anti-p65 or IgG control). (E) Inhibition of NF-κB activation decreased the level of mRNA 
expression and release of uPA in conditioned medium from A549 and H1299 cells. Cells were treated with TNF-α (5 ng/ml) after pre-incubation with SN50 
(100 µmol/l) for 1 h. The relative levels of uPAR mRNA were determined by real-time PCR. Levels of uPA in conditioned medium were measured by ELISA. 
SN50 reduced the level of mRNA expression and release of uPA. *P<0.05; **P<0.01, compared with the control (0 µg/ml rNAPc2). rNAPc2, nematode antico-
agulant protein c2; NSCLC, non-small cell lung cancer; uPA, urokinase plasminogen activator; NF-κB, nuclear factor-κB; NSCLC, non-small cell lung cancer.
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that promote cell proliferation, regulate apoptosis, facilitate 
angiogenesis and stimulate invasion and metastasis (26,27). 
Furthermore, many cancer cells show aberrant or constitutive 
NF-κB activation which mediates resistance to chemotherapy 
and radiotherapy (28,29). To study the mechanisms respon-
sible for the observed low uPA release and expression in 
NSCLC cells after rNAPc2 treatment, we detected possible 
alterations of NF-κB activity. NF-κB is active in the nucleus 
and is inhibited through its sequestration in the cytoplasm 
by IκB. IκBs bind to NF-κB dimers and sterically block the 
function of their nuclear localization sequences, thereby 
causing their cytoplasmic retention. The NF-κB-IκB complex 
can also shuttle between the cytoplasm and the nucleus in 
unstimulated cells (30). We also observed that rNAPc2 caused 
inhibition of IκBα degradation in the cytoplasm in NSCLC 
cells. The results showed that activation of NF-κB was 
significantly abolished by rNAPc2. Furthermore, the results 
also showed that the blockage of NF-κB activity reduced 
the level of uPA mRNA expression and cell invasion in the 
NSCLC cells. Simultaneously, chromatin immunoprecipita-
tion further demonstrated that NF-κB binds to the promoter of 
uPA. Many signaling pathways activate transcription factors, 
such as ERK, hypoxia-inducible factor 1α that act on the uPA 
promoter, driving uPA expression in cancer (31,32). Here, we 
did not study whether rNAPc2 also modulates these signaling 
pathways and further research needs to be conducted.

In conclusion, rNAPc2 inhibits cell invasion by inhibiting 
uPA expression in NSCLC cells. Our results suggest that 
rNAPc2 may be a potent agent for the prevention of NSCLC 
progression. Additionally, the results demonstrated that NF-κB 
plays an important role in NAPc2-induced downregulation of 
uPA expression.
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