
Int J Clin Exp Pathol 2015;8(9):9990-10001
www.ijcep.com /ISSN:1936-2625/IJCEP0013464

Original Article 
Niflumic acid exhibits anti-tumor activity in  
nasopharyngeal carcinoma cells through  
affecting the expression of ERK1/2 and  
the activity of MMP2 and MMP9

Shengqun Luo*, Guoliang Huang*, Ziyou Wang, Zheng Wan, Hua Chen, Dan Liao, Chuyan Chen, Huahui Li, 
Binbin Li, Liyong Chen, Zunnan Huang, Zhiwei He 

Sino-American Cancer Research Institute, Key Laboratory for Medical Molecular Diagnostics of Guangdong 
Province, Guangdong Medical University, Dongguan 523808, P. R. China. *Equal contributors.

Received July 26, 2015; Accepted August 28, 2015; Epub September 1, 2015; Published September 15, 2015 

Abstract: Niflumic acid (NFA) was known to inhibit cell proliferation or migration in several types of cancer. However, 
the function of NFA in human nasopharyngeal carcinoma (NPC) cells was not clarified. The proliferation of NPC cell 
line CNE-2Z cells with NFA treatment was detected using the cell counting kit-8 method and transwell assay was 
employed to assess the effect of NFA on the CNE-2Z cell migration and invasion. The activity of MMP2 and MMP9 
was detected by Gelatin Zymography. Cell cycle distribution and apoptosis were detected using flow cytometry. In 
vitro pull-down assay, western blot, and computational technique were applied to investigate the NFA regulating 
signaling pathway. Our results indicated that the growth capacity and colony formation potential of CNE-2Z cells in 
soft agar were significantly suppressed by treatment with NFA. NFA inhibited the proliferation of CNE-2Z cells in a 
concentration and time-dependent manner. NFA exerted an S phase arrest on the CNE-2Z cells in a concentration-
dependent manner, while promoting apoptosis in a dose-dependent manner. Migration and invasion potential of 
CNE-2Z cells were decreased by NFA treatment in vitro. In vitro pull-down assay and molecular modeling indicated 
that NFA directly bound with early respond kinase 1 (ERK1). Finally, the anti-tumor effect of NFA was suggested to 
be mediated by inhibiting early respond kinases (ERK) expression and the MMP2 and MMP9 activities. NFA has 
proliferation-inhibiting, invasion-suppressing, cell cycle-blocking and apoptosis-promoting effects on CNE-2Z cells 
through regulation of ERK/MAPK and our results indicates that NFA may serve as a candidate of anticancer drug 
for NPC. 
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Introduction

Nasopharyngeal carcinoma (NPC) is a disease 
in which malignant cells develop in the tissues 
of the nasopharynx and it poses one of the seri-
ous health problems in Southern China, espe-
cially in Guangdong province as one of the most 
common tumors among Chinese or Asian 
ancestry [1]. NPC is widely suspected to be the 
result of genetic susceptibility, exposure to 
environmental factors and Epstein-Barr virus 
infection [2]. Primary treatment measures for 
NPC include radiotherapy and chemotherapy. 
However, these treatments have a tendency to 
cause serious adverse reactions and induce 
multidrug resistance (MDR). Therefore, it is 

necessary to identify highly effective anti-NPC 
drugs with less serious adverse effects.

Several cellular proliferation pathways are 
upregulated in NPC, such as the Akt pathway, 
the Wnt pathway and mitogen-activated protein 
kinases (MAPKs) pathway [3]. The extracellular 
signal-regulated kinase (ERK) MAPK pathway 
(or Raf-MEK-ERK pathway) with each consisting 
of at least three components, a MAPK kinase 
(MAP3K), a MAPK kinase (MAP2K) and a MAPK, 
regulates a variety of cellular activities includ-
ing proliferation, survival and differentiation [4]. 
Clinical outcome in cancer was improved with 
the use of compounds targeting components of 
ERK/MAPK signaling, such as Raf or MEK inhib-
itors [5].
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Niflumic acid (NFA), which belongs to the Non-
steroidal anti-inflammatory drugs (NSAIDs), is 
widely used in the treatment for dysmenorrhea, 
rheumatoid, and osteoarthritis [6]. However, 
NFA was found to inhibit the proliferation of sev-
eral tumor cell types recently, including lung 
cancer, ovarian cancer, renal carcinoma, hepa-
toma and fibrosarcoma [6-11]. NFA induced 
apoptotic cell death, activated caspase-9 and 
caspase-3 [7]. Moreover, NFA was reported to 
regulate cell migration and invasion in ovarian 
cancer and breast cancer [9, 12]. Nevertheless, 
the biological function of NFA in nasopharyn-
geal carcinoma was not clarified. In this study, 
we elucidated that NFA has proliferation-inhibit-
ing, invasion-suppressing, cell cycle-blocking 
and apoptosis-promoting effects on CNE-2Z 
cells through regulation of MAPK/ERK signaling 
pathway and activity of MMP2 and MMP9.

Methods and materials

Reagents and materials

Niflumic acid (NFA, 98% purity) was purchased 
from LKT Laboratories, Inc. RPMI1640 medi-
um, fetal bovine serum (FBS) and 0.25% trypsin 
was from Gibco-BRL (Grand Island, NY, USA). 
The Cell Counting Kit-8 (CCK-8) was purchased 
from Dojindo Laboratories, Kumamoto (Japan). 
The AnnexinV-FITC Apoptosis Detection kit was 
obtained from Keygen Biotech (China). The aga-
rose and CNBr-activated SepharoseTM 4B were 
from Sigma-Aldrich (China) Trading Co. Ltd. 
Transwell Boyden chamber system containing a 
polycarbonate filter (6.5 mm in diameter, 8 μm 
pore size) was from Corning Life Sciences. The 
polyvinylidene fluoride (PVDF) membrane was 
from Millipore (USA). The antibody was pur-
chased from Cell Signaling Technology (CST).

Cell proliferation assay 

Nasopharyneal carcinoma cell line CNE-2Z was 
friendly provided by Dr Xiaoyi Chen (Guangdong 
Medical University, China). Cells were grown  
in RPMI-1640 medium containing 10% fetal 
bovine serum (FBS) and cultured at 37°C in an 
incubator with 5% CO2 and saturated humidity. 
Firstly, cells were collected and seeded into 96 
well plate and incubated for 24 h, and then 
treated with different concentrations of NFA 
(50, 100, 200 and 400 μM). Cell viability was 
measured by the CCK-8 assay after 24, 48 and 
72 h of culture. The OD values were measured 
by a spectrophotometric microtiter plate reader 
(Dynatech Laboratories, Alexandria, VA) at  

450 nm. Each experiment was performed in 
triplicate. 

Cell cycle assay

Cells in the logarithmic phase were digested 
with 0.25% trypsin and then centrifuged to 
remove residual medium and trypsin. Cells 
were then plated at 1 × 105 cells/well in 6-well 
flat-bottom plates. After adherent, the cells 
were starved with FBS-free RPMI-1640 medi-
um for 24 h, and then cultured in RPMI-1640 
medium containing 10% FBS. Concentrations 
of NFA at 0, 25 and 50 μM were respectively 
added. Cells were collected and washed with 
PBS for twice, than fixed with 70% ice-cold eth-
anol and were maintained overnight at 4°C. 
Next day, the cells were washed with ice-cold 
PBS and stained with propidium iodide (PI) 
(500 μl of PBS contained 1% PI and 1% RNase 
A) in the dark for 30 min at room temperature. 
The cell cycle phase distributions were detect-
ed by flow cytometer (BD Biosciences). 

Annexin V-FITC/PI double staining

Cells (1 × 105 cells/well) were seeded in 6-well 
plates. After incubating for 24 h, different con-
centrations of NFA (0, 50, 100 and 200 μM) 
were added. Then after culturing for another 48 
h, cells were trypsinized using trypsin without 
EDTA. Cells were collected and washed with 
PBS for twice and resuspended in binding buf-
fer. Subsequently, annexin V-FITC and PI was 
added. Finally, samples were incubated in the 
dark at room temperature for 15 min and ana-
lyzed by flow cytometry.

Foci-formation assay

For foci-formation assay, CNE-2Z cells (500 
cells/well) were cultured in 6-well cluster over-
night, they were treated with different concen-
trations of NFA (0, 25 and 50 μM). The culture 
medium was replaced every 3 days. After 14 
days of incubation, the cells were gently wash- 
ed with PBS for twice. After fixed with methanol  
for 15 min, the cells were stained with 0.5% of 
crystal violet. Colonies were manually counted. 

Soft-agar colony formation assay

The soft agar colony formation assay is a tech-
nique widely used to evaluate cellular transfor-
mation in vitro [13]. Cells were plated in 0.4% 
semi-solid agar in growth medium (with the 
same volume of 1 × RPMI-1640 medium, 2 × 
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RPMI-1640 medium and 1.2% agarose) con-
taining NFA at different concentrations (0, 25 
and 50 μM) after the lower gel which is of 0.6% 
semi-solid agar in growth medium were solidi-
fied. Colonies including more than 100 cells in 
soft agar were scored under an inverted micro-
scope after two weeks of incubation at 37°C.

Gelatin zymography

The activities of MMP-9 in medium were mea-
sured by gelatin zymography. CNE-2Z cells to be 
tested were grown to approximately 80% in 6 
cm dishes in complete RPMI-1640 medium. 
Then cells were changed to serum-free media 
and incubate for 24 h. NFA at different concen-
trations (0, 25, 50, 100 and 200 μM) were 
added to the dishes respectively. Collected 
media after 24 and 48 h of an appropriate vol-
ume were subjected to 0.1% gelatin-8% SDS-
PAGE electrophoresis. After electrophoresis, 
gels were washed with 2.5% Triton X-100 and 
incubated in developing buffer (0.5 M Tris-HCl, 
PH 7.8, 2 M NaCl, 0.05 M CaCl2, and 0.2% Brij 
35) overnight at 37°C. Then the gels were 
stained with Coomassie Brilliant Blue G250 
(Beyotime, China) for 2 h. After that, the gels 
were washed with destaining solution (5% 
methanol and 10% acetic acid in ddH2O).

Invasion and migration assay

The ability of the cells to pass through filters 
was measured using a Transwell Boyden cham-
ber system containing a polycarbonate filter 
(6.5 mm in diameter, 8 μm pore size). For cell 
invasion assay, the cell culture inserts were 
pre-coated with 60 μl of Matrigel which was 
diluted by FBS free RPMI-1640 medium at a 
proportion of 1:3; whereas the filters without 
pre-coated matrigel were used for migration 
assay. Firstly, cells were resuspended in serum-
deprived medium. Subsequently, 200 μl of the 
cell suspension (1 × 105 cells/well for invasion, 
3 × 104 cells/well for migration) containing NFA 
at different concentrations (50 and 100 μM) 
were added to the upper chamber, 800 μl RPMI-
1640 medium containing 10% FBS served as  
a chemo attractant were added to the lower 
chamber. The system was incubated for 48 h at 
37°C in an incubator with 5% CO2 and saturat-
ed humidity. Cells that did not migrate or invade 
after 48 h were removed with cotton swab. 
Then the membranes were fixed with methanol 
for 15 min at room temperature and stained 
with 0.5% crystal violet for 2 h. Finally, 5 visual 

fields were randomly selected from each mem-
brane and photographed under a light micro-
scope at 200 × magnification. The number of 
migrating or invading cells were then counted 
and analyzed to determine statistically signifi-
cant differences.

Preparation of NFA-Sepharose beads

CNBr-Sepharose 4B beads were washed with 1 
mM HCl medium for 3-5 times and mixed with 
NFA or DMSO (DMSO as a control) in coupling 
buffer (0.1 M NaHCO3, pH 8.3, 0.5 M NaCl) and 
then slowly rotated overnight at 4°C. Excess 
NFA was washed away with coupling buffer, fol-
lowed by blocking any remaining active groups 
with 0.1 M Tris-HCl buffer (pH 8.0) for 2 h. The 
medium was then washed with 0.1 Macetate 
buffer (pH 4.0) containing 0.5 M NaCl and 0.1 
M Tris-HCl containing 0.5 M NaCl (pH 8.0) for 
three times. Till then the NFA Sepharose 4B 
beads were now ready for use in the pull-down 
assay.

In vitro pull down assay

Either NFA-Sepharose 4B or DMSO (the solvent 
of NFA) Sepharose 4B was combined with CNE-
2Z cellular supernatant fraction (600 μg) in 
reaction buffer (50 mM Tris, pH 7.5, 5 mM 
EDTA, 150 mM NaCl, 1 mM DTT, 0.01% NP-40, 
2 μg/mL of BSA, 0.02 mM PMSF, 1 × protease 
inhibitor cocktail). After incubating with gentle 
rocking overnight at 4°C, the beads were 
washed five times with washing buffer (50 mM 
Tris, pH 7.5, 5 mM EDTA, 150 mM NaCl, 1 mM 
DTT, 0.01% NP-40, and 0.02 mM PMSF) and 
proteins bound to the beads were analyzed by 
western blot (WB).

Western blot assay

In accordance with our previous study [14], sim-
ilar procedures of western blot assay were con-
ducted to determine whether NFA might have 
effect on MAPK signaling pathway. Cells were 
cultured in 6 cm dishes. After being incubated 
for 24 h, cells were directly treated with differ-
ent concentrations (0, 25, 50, 100 and 200 
μM) of NFA for 48 h. The cells were then dis-
rupted in 150 μl lyses buffer (RIPA buffer) sup-
plemented with 1% protease inhibitor (Millipore) 
and 1% phosphates inhibitor (Millipore). Protein 
concentration was measured by the PierceTM 
BCA protein assay kit (Thermo Scientific) and 
equalized with the extraction reagent. Equal 
amount of the extracts were loaded and sepa-
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rated in a 8% or 10% polyacrylamide gel, then 
proteins were transferred onto a PVDF mem-
brane, blocking by 5% non-fat milk in TBST for 2 
hours. After then membranes were incubated 
with the primary antibody 1:500 or 1:1000 
diluted in primary antibody diluents overnight 
at 4°C. Next day, the membranes were washed 
with TBST at room temperature thrice, 10 min 
every time. Membranes were then incubated 
with secondary antibody for 1-2 h. Protein 
expression level was analyzed by LI-COR 
Odyssey Infrared Imaging System. In this exper-
iment, β-actin was used as internal control.

Flexible protein docking between compound 
NFA and ERK1

The crystal structure of ERK1 (Protein Data 
Bank code 4QTB [15] was used as the receptor 
model structure and the 3D coordinates of NFA 
from PubChem compound database (http://
pubchem.ncbi.nlm.nih.gov/) was used as the 
ligand structure. Protein-ligand docking was 
run using Schrödinger Glide [16, 17] in XP (Extra 
Precision) mode [18]. The final binding model 
structure of compound NFA-ERK1 was gener-
ated from Induced Fit Docking module [19], 
which combines the predictive force of Prime 
with the docking and scoring abilities of Glide 
for accommodating the possible protein struc-
tural change upon ligand binding. During 
induced fit docking, the grid box and center 
were settled default by using the co-crystal 
ligand in its active binding site. The binding 
pose with the lowest XP GScore was consid-
ered as the correct binding structure and used 
as the representative docking structure for  
NFA and ERK1. 

Statistical analysis

All values in this article are expressed as the 
mean ± standard deviation (SD). The Graphpad 
Prism (GraphPad Software, Inc. USA) was used 
for all statistical analyses and graph drawing. 
Twotailed Student’s t test was conducted to 
compare measurements of pairs of samples if 
appropriate.

Results

NFA inhibits the proliferation of CNE-2Z cells

The cell proliferation assay showed a signifi-
cant inhibition of CNE-2Z cells proliferation by 
NFA in a time and concentration-dependent 
manners (Figure 1). At a concentration of 50 
μM for 24 h, NFA had slight inhibition (P= 
0.4112) on the proliferation of CNE-2Z cells. At 
48 h, the inhibitory effect became significant 
(*P<0.05). At the concentration of 200 μM, the 
inhibitory effect became significant (*P<0.05) 
at 24 h. As the time gone on and drug concen-
tration increased, the inhibitory effects became 
obvious. When the drug concentration was 
added up to 400 μM, cell proliferation was 
completely inhibited. The NFA showed the effect 
of cell-growth inhibition in CNE-2Z with the IC50 
of 377.7, 133.7 and 83.7 μM at 24 h, 48 h and 
72 h respectively.

Effects of NFA on the cell cycle and apoptosis 
of CNE-2Z cells 

NFA exerted an S phase cell cycle arrest on the 
CNE-2Z cells in a concentration-dependent 
manner (Figure 2A). The percentage of S phase 
cells increased slightly (P=0.0765) with the NFA 
treatment at a low concentration (25 μM)  
compared to the control. Whereas the percent-
age of S phase cells increased significantly 
(**P<0.01) with the NFA treatment at a high 
dose (50 μM). 

The apoptosis assays indicated that NFA 
induced CNE-2Z cells apoptosis at a high con-
centration (Figure 2B). In the low concentration 
group (50 μM), the effect of NFA on CNE-2Z 
cells apoptosis was insignificant. As the con-
centration increased (100 and 200 μM), the 
effect became obvious. At the concentration  
of 200 μM, the percentage of apoptosis cells 
increased greatly comparing to the control 
(*P<0.05). 

Figure 1. Effects of NFA with different concentrations 
on the proliferation of CNE-2Z cells at different time 
points.
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Effects of NFA on the colony formation of CNE-
2Z cells

To test the effects of NFA on the transformation 
ability of nasopharyngeal carcinoma cell line 
CNE-2Z, the foci-formation assay was per-
formed with different concentrations of NFA 
treated on CNE-2Z cells. Foci-formation assay 
showed that NFA significantly inhibited colony 
formation at the concentrations of both 25 and 
50 μM in a dose-dependent approach (*P<0.05, 
Figure 3A). Furthermore, the soft agar colony 
formation assay indicated that NFA inhibited 

the anchorage independent colony formation of 
CNE-2Z at higher concentrations (50 and 100 
μM) in a concentration-dependent approach 
(Figure 3B).

NFA has a decreased migration and invasion 
potential by affecting MMP9 and MMP2 activ-
ity

We investigated the migration and invasion 
effects of the NFA on CNE-2Z cells by Transwell 
Boyden chamber assays and Gelatin Zymo- 
graphy. The migration and invasion potential of 

Figure 2. Effects of NFA with different concentrations on cell cycle distribution and apoptosis of CNE-2Z. A. The cell 
cycle profile of CNE-2Z cells that were treated with 0, 25 and 50 μM of NFA in 1640 medium for 24 h were detected 
using flow cytometry. B. The apoptosis of CNE-2Z cells that were treated with 0, 50 and 100 μM of NFA in 1640 me-
dium for 48 h were detected using flow cytometry. C. Comparisons between the percentages of cell cycle distribution 
of CNE-2Z with the different concentrations of NFA. D. Comparisons between the apoptosis percentage of CNE-2Z 
with the different concentrations of NFA on CNE-2Z cell.



Niflumic acid exhibits anti-tumor activity in NPC through regulation of MAPK pathway

9995 Int J Clin Exp Pathol 2015;8(9):9990-10001

the CNE-2Z cells were notably decreased by 
NFA (Figure 4). At 50 μM, the cell number of 

migration were decreased (*P<0.05), while the 
cell number of invasion decreased significantly 

Figure 3. Effects of NFA on colony-forming ability of CNE-2Z cells. A. Foci-formation assay. B. Colony-forming ability 
of CNE-2Z cells in soft agar. C. Data are presented as the means ± SD for foci-formation experiments, *P<0.05; 
**P<0.001. D. Data are presented as the means ± SD for colony-forming ability of CNE-2Z cells in soft agar experi-
ments, **P<0.001.
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(**P<0.01). When the concentration was up to 
100 μM, the cell numbers of both were more 
significantly decreased (**P<0.01). 

We detected the activity of MMP9 and MMP2 
by Gelatin Zymography. NFA significantly inhib-

ited MMP9 and MMP2 enzyme activity (Figure 
6B) in a dose-dependent manner. At 25 μM, the 
activity of MMP9 and MMP2 was slightly atten-
uated. Moreover, with the increase of concen-
tration of NFA, the activity of MMP9 and MMP2 
was gradually diminished. The results showed 

Figure 4. NFA inhibited the invasion and migration ability of CNE-2Z cells. A. Transwell Boyden chamber assays 
were performed to compare the invasion and migration potential of NFA at different concentrations. Cells after 48 h 
incubation at 200 × magnification. B. Quantitative results were shown as invasion and migration cells, which were 
calculated by 5 visual fields selected in the transwell migration and invasion assays (means ± SD, n=3, *P<0.05; 
**P<0.001). 
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that NFA induced remarkable reductions in the 
migration and invasion abilities of CNE-2Z cells 
in a dose-dependent approach. 

NFA regulates and binds directly with ERK

ERK is a key component of the MAPK signaling. 
The NFA in-vitro pull-down assay was applied to 

demonstrate that ERK1 bind directly with the 
NFA (Figure 5A, lane 3). The total protein was 
loaded as a control (Figure 5A, lane 1) and no 
binding was found in the solvent (Figure 5A, 
lane 2), whereas ERK2 was not found to be 
bounded with NFA. Furthermore, the western 
blot showed that NFA down-regulated the pro-
tein level of ERK1/2 (Figure 6A). 

Figure 5. The correlation between NFA and ERK1. A. NFA was bound with ERK1. Lanes 1 show on total protein, lanes 
2 and lanes 3 respectively show the solvent group and NFA group. B. The binding pose between NFA and ERK1. C. 
Hydrogen bonds between NFA and three residues of ASP123, MET125, and GLN122 in the ATP binding site of ERK1 
(for clarity, the backbone atoms of 8 protein residues: ILE48, TYR53, VAL56, LYS71, GLU88, GLN122, LEU173 and 
CYS183 to form the hydrophobic interactions with NFA are not shown). Note: the α-helices are drawn as cylinders 
and the β-strands as arrows. NFA is shown in stick model and protein residues are shown in line model. 
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Molecular modeling of the binding of NFA in-
side ERK1 binding site 

To assess the possible binding mode between 
NFA and ERK1, the hierarchical docking algo-
rithm Glide [16, 17] in the Schrödinger package 
was used for docking experiments. To capture 
the ligand-induced conformational changes in 
the receptor binding site, we performed flexi-
ble-ligand flexible-protein docking by using the 
induced fit docking module [19]. The binding 
pose of compound NFA-ERK1 obtained from 
the induced fit docking results suggested that 
compound NFA bound inside the ATP binding 
pocket of ERK1 (Figure 5B and 5C). NFA formed 
three hydrogen-bonds with ERK1: Two involved 
in the backbone atoms of two hinge loop resi-
dues (ASP123 and MET125) and the other one 
engaged with the side-chain atom of GLN122. 
In addition, 9 residues around the binding 
pocket, including ILE48, TYR53, VAL56, LYS71, 
CYS183, GLU88, GLN122, LEU124 and LEU173 
formed hydrophobic interactions with the car-
bons of compound NFA (Figure 5C). The compu-
tational results indicate that NFA could show 
ATP-competitive inhibitory effects to ERK1. The 
figures were generated by using Maestro [20].

Discussion

There were an estimated 
80,000 new cases of NPC 
and 50,000 deaths in 
2008 worldwide [21]. 
Although it may be regard-
ed as a rare cancer global-
ly, it is notable for its high 
incident rate in special geo-
graphic and ethnic popula-
tions. With the improve-
ment and extensive appli-
cation of the intensity mod-
ulated radiotherapy, image 
guided radiotherapy tech-
niques and other new ther-
apeutic strategies, this sur-
vival rate is increasing [22-
24]. However, recurrence or 
metastasis is still a prob-
lem for NPC patients within 
five years. Radiation toler-
ance of tumors [25-28] and 
MDR [29-31] are the chief 
culprits for treatment fail-
ure. Therefore, the identifi-

Figure 6. NFA influenced the proteins expression of ERK1/2 and the activity of 
MMP9 and MMP2 in a dose-dependent manner. A. NFA at different concentra-
tions (0, 25, 50, 100 and 200 μM) acted on CNE-2Z cells for 48 h, the expres-
sion of ERK1/2 was detected. B. CNE-2Z cells were treated with NFA (0, 25, 50, 
100 and 200 μM) for 24 h in serum-free medium and then subjected to gelatin 
zymography to analyze the activity of MMP9 and MMP2.

cation of highly effective and low toxicity drugs 
is currently a research focus.

NFA is widely used in the treatment for dysmen-
orrhea, rheumatoid, and osteoarthritis [6]. In 
the management of rheumatoid and osteoar-
thritis, NFA was devoid of side effects and with 
excellent gastric tolerance [32]. Long-term use 
of NSAIDs is reported to be associated with a 
lower incidence risk of tumors, such as the 
colorectal, breast, lung, prostate, bladder, 
ovary, esophagus, and stomach [33]. NSAIDs 
have been shown to induce apoptosis and 
inhibit metastasis in various cancer cell lines 
[33]. As a non-steroidal anti-inflammatory drug, 
NFA was found to inhibit the proliferation of sev-
eral tumor cell types recently [7-12]. In our 
study, the results showed that NFA markedly 
inhibited the proliferation and colony formation 
of NPC CNE-2Z cells, arrested the cells in the S 
phase and promoted apoptosis. Metastasis is 
the major cause of cancer-associated mortali-
ty. The median survival time for NPC patients 
with distant metastasis is around 9 months 
[34]. NFA was reported to inhibit invasion in 
breast cancer cell and ovarian cancer cell [9, 
12]. Our results indicated that NFA decreased 
migration and invasion potential of NPC CNE-2Z 
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cells by attenuating the activity of MMP9 and 
MMP2. These data suggested that NFA could 
be a candidate for chemotherapy or adjuvant 
therapy of NPC. 

Most of NSAIDs exhibit strong inhibitory effects 
of cyclooxygenase COX-1 or COX-2. Inhibition of 
COX-2 is demonstrated to modulate tumorigen-
ic, angiogenic and apoptotic events of cancer 
[35]. However, the anti-tumor effect of NSAIDs 
may not solely be mediated by the inhibition of 
COX-2 activity based on the following observa-
tions. First, the concentrations of NSAIDs to 
induce apoptosis were significantly higher than 
those required for COX-2 inhibition [36]. 
Second, NSAIDs inhibited cell growth not only 
in COX-2-expressing cells, but also in COX-2-
deficient cell lines [37]. NFA is a selective inhibi-
tor of COX-2. The NFA inducing apoptosis is 
independent of COX-2 inhibition. The inhibitory 
effect of store-operated channels was found to 
play a major role in NFA-induced apoptosis in 
human erythroleukemic K562 cell line [6]. NFA-
induced apoptosis in human lung cancer cells 
was through the activation of caspase-9, cas-
pase-3 and caspase-3-mediated PARP cleav-
age [7]. Our study indicated that the anti-tumor 
effect of NFA was associated with MAPK/ERK 
signaling pathway. The upregulation of MAPK 
pathway was notable in NPC [3]. ERK1, a key 
component of the MAPK signaling, was found 
to bind directly with the NFA in our study. The 
signaling of ERK1/2 was thereby down-regulat-
ed by the NFA in NPC. Our study indicated that 
NFA might affect MMP2 and MMP9 activities. 
Suppression of the MAPK/ERK signaling path-
way causes reductions in MMP9 activities [38]. 
Our results indicated that NFA might affect 
MMP2 and MMP9 activities by regulating the 
expression of ERK1/2 in NPC.

In conclusion, our study suggested that NFA 
inhibited the proliferation, colony formation 
ability, migration and invasion potential of NPC 
CNE-2Z cells, arrested the cells in the S phase 
and promoted apoptosis by affecting the 
MAPK/ERK signaling pathway and activity of 
MMP2 and MMP9. These results suggested 
that NFA may serve as a candidate for chemo-
therapy or adjuvant therapy of NPC.
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