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ABSTRACT
Nasopharyngeal carcinoma (NPC) is the most prevailing malignancy of the head and neck with 
unique geographic distribution. Southern China has one of the highest incidence rates of NPC in 
the world. Although radiotherapy and chemotherapy are the most important treatment modal-
ities for NPC, recurrence, and metastasis severely interfere with the survival quality of patients. It is 
much-needed to find an effective method of NPC treatment with a good prognosis such as gene 
therapy. PFK1, a key regulatory enzyme of glycolysis, is frequently shown to be amplified and 
overexpressed in a variety of human cancers. However, the function of PFK1 and molecular 
mechanism in NPC is elusive. Here, we knockdown PFK1 expression by utilizing DNA vector- 
based RNA Interference. Western blotting and real-time PCR show that the expression of PFK1 is 
efficiently down-regulated in both protein and mRNA levels by stable transfection with PFK1 
siRNA expression vector. In addition, stable knockdown of PFK1 expression inhibits cell growth, 
induces apoptosis, decreases the invasive capability and metastasis in the CNE2 human NPC cell 
line. This present study finds the importance of PFK1 which can be worked as a novel target in 
NPC treatment and holds great potential to be extended to other malignant cancers.
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Introduction

Nasopharyngeal carcinoma (NPC), the most prevail-
ing malignancy of the head and neck, is particularly 
high in Southeast Asia and China, with an estimated 
incidence of 20–80 cases per 100,000 annually in 
endemic regions [1–4]. Due to a lack of specific bio-
markers and effective treatments, the 5-year survival 
rate of NPC patients is only 50% [5,6]. Therefore, 
revealing the molecular mechanisms of the tumori-
genesis, invasion, and metastasis in NPC is important 
for developing new effective therapeutic approaches. 
Recently, the glycolytic enzymes phosphofructokinase 
(PFK) family has been approved to be potential mole-
cular targets for the development and survival of 
human malignant tumors [7].

In oncology, the Warburg effect is a form of mod-
ified cellular metabolism based on aerobic fermenta-
tion found in cancer cells, which tend to favor anabolic 
glycolysis rather than the oxidative phosphorylation 

pathway which is the preference of most other cells of 
the body [8]. PFK1, a kinase that catalyzes the phos-
phorylation of fructose-6-phosphate to fructose- 
1,6-bisphosphate, is essential for glycolysis, and plays 
a significant role in the deviant energetic metabolism 
of cancer cells [9]. Amplification and overexpression 
of the PFK1 occur in a variety of cancers, including 
astroblastomas, oligodendrogliomas [10], ovarian 
cancer [11], cholangiocarcinoma [12], bladder [7], 
colorectal cancer [13], as well as for glioblastoma 
[14], which potentially promoting the carcinogenesis 
and maintenance of malignant tumors. Furthermore, 
aberrant expression of PFK1 is shown to be more 
frequently associated with multiple tumor progres-
sions including development, differentiation, migra-
tion, invasion, and metastasis, as well as the resistance 
to chemotherapy and radiation treatment [15]. Smerc 
et al. [16] recently demonstrated that blocking up- 
regulation and aberrant activation of PFK1 
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dramatically reduced cancer cell proliferation in vitro 
and impaired metastatic tumor formation in vivo.

Gene expression between normal cells and can-
cer cells often has a large difference, which pro-
vides potential targets. Thus, a specific antagonist 
PFK1, such as siRNA, may become a novel strat-
egy of molecular-targeted antitumor therapy. In 
our preliminary experiments, aberrant expression 
levels of PFK1 were significantly associated with 
the pathological differentiation, clinic stage, and 
lymph node metastases in obtained NPC tissues 
(data not have shown), implying PFK1 have an 
oncogenic function in tumorigenesis. In the pre-
sent study, we further detected the expression of 
PFK1 in NPC tissues and found that up-regulated 
expression of PFK1 correlated with the progres-
sion of nasopharyngeal carcinoma. The antitumor 
activity of PFK1 in CNE2 NPC cell line was stu-
died via knocking down expression by RNA inter-
ference (RNAi). We demonstrated that PFK1 
inhibited cell growth and induced apoptosis as 
well as retarded cell migration and invasion in 
NPC cancer cells. PFK1 is not only important for 
the NPC diagnosis and therapeutic advancement 
as a reliable biomarker but also for in-depth 
understanding of their effects on cellar processes.

Methods

Tissue samples and cell culture

Nasopharyngeal tissues were obtained from 61 
patients who were revealed to have 
a nasopharyngeal neoplasm through nasal endo-
scopic examination between January 2011 and 
December 2012 at the Department of 
Otorhinolaryngology, Huazhong University of 
Science and Technology Union Shenzhen 
Hospital (Previously known as Nanshan People’s 
Hospital), under an approved protocol of our 
University. The patients had not received any can-
cer therapy before admission. Tissues obtained 
from patients were preserved in liquid nitrogen 
within 5 min and stored at −80°C. Human NPC 
cell line CNE2 was obtained from Cell Lines Bank, 
Shanghai Institute of Biological Sciences. The cells 
were cultured in RPMI-1640 medium (Gibico, 

USA) supplemented with 1% Penn/Strep and 
10% fetal bovine serum and incubated at 37°C in 
a humidified atmosphere of 5% CO2/95% air.

siRNA preparation and transfection

PFK1 siRNA was synthesized by Wuhan Google 
Bioengineering Co., Ltd, Hubei, China, and their 
sequences are listed in Table 1. All the oligonu-
cleotides were purified by PAGE. The cells were 
incubated with a mixture of Lipofectamine 2000 
(Invitrogen, USA) and PFK1 shRNAs following 
the instructions.

Western blotting analysis

Total protein from tissues and cell lines were obtained 
using RIPA buffer containing protease inhibitors fol-
lowed by centrifugation at 12,000 × g for 10 min. For 
western blot analysis, 30 μg of proteins were resolved 
on SDS-PAGE, transferred onto PVDF membranes, 
and probed by anti-PFK1 antibodies (diluted 1:200, 
Abcam, USA) anti- active caspase-3, 9 antibodies 
(diluted 1:200, Santa Cruz Biotechnology, USA), anti- 
Bcl-2 antibody (diluted 1:200, Santa Cruz 
Biotechnology, USA), anti-Bax antibody (diluted 
1:200, Santa Cruz Biotechnology, USA), or anti- 
PCNA antibody (diluted 1:200, Santa Cruz 
Biotechnology, USA) at 4°C overnight. The mem-
branes were incubated with horseradish peroxidase- 
conjugated antibodies (Santa Cruz Biotechnology, 

Table 1. The sequence of the oligonucleotides in this work.
Name Sequence (5’-3’)

si-H-PFK1- 
442-F

CACC GCTCTGCACAGCAGTCAAA ttcaagacg 
TTTGACTGCTGTGCAGAGC TTTTTT G

si-H-PFK1- 
442-R

AGCTC AAAAAA GCTCTGCACAGCAGTCAAA cgtcttgaa 
TTTGACTGCTGTGCAGAGC

si-H-PFK1- 
507-F

CACC GCATTGCTGGTTCTACCAA ttcaagacg 
TTGGTAGAACCAGCAATGC TTTTTT G

si-H-PFK1- 
507-R

AGCTC AAAAAA GCATTGCTGGTTCTACCAA cgtcttgaa 
TTGGTAGAACCAGCAATGC

si-H-PFK1- 
698-F

CACC GGATCTTCCAACATCGATT ttcaagacg 
AATCGATGTTGGAAGATCC TTTTTT G

si-H-PFK1- 
698-R

AGCTC AAAAAA GGATCTTCCAACATCGATT cgtcttgaa 
AATCGATGTTGGAAGATCC

si-H-PFK1- 
1102-F

CACC GGTCTACGGAGGGATATTT ttcaagacg 
AAATATCCCTCCGTAGACC TTTTTT G

si-H-PFK1- 
1102-R

AGCTC AAAAAA GGTCTACGGAGGGATATTT cgtcttgaa 
AAATATCCCTCCGTAGACC
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USA) for 2 h. Bands on blots were visualized using 
chemiluminescence with Pierce ECL kits (Millipore, 
USA). β-Actin was used as an internal control.

Quantitative real-time reverse transcription PCR

Total RNA was extracted with Trizol (Invitrogen, CA, 
USA) agent. After obtaining RNAs, reverse transcrip-
tion was carried on to produce cDNA by using the 
PrimeScript™ RT-PCR Kit (Takara, Shiga, Japan). Real 
time-PCR was performed as described [17]. The pri-
mers for PFK1 were as follows: forward primer: 5'- 
CTACAGTCTCCAACAATGTCCC-3'; reverse pri-
mer: 5'- CCACCCATAGTCTCAATGATAAAC −3'; 
Primers for β-Actin: forward primer: 5'- 
GGGAAACTGTGGCGTGAT-3'; reverse primer: 5'- 
GGGTGTCGCTGTTGAAGT- 3'.

Enzyme assays

Activity assays for PFK1 were performed via an 
auxiliary enzyme assay. PFK1 activity was deter-
mined by a coupled reaction system by spectro-
photometer at 340 nm (Lambda25 UV/VIS 
spectrophotometer, Perkin Elmer) [18].

MTT assay

CNE2 cells were seeded in 96-well plates at a density of 
5 × 103 cells/well for overnight. To evaluate the poten-
tiation of cytotoxicity by RNA oligonucleotides or 
plasmids for different time periods. About 10 mL 
MTT solution (0.5 mg/ml) was added to medium 
and incubated with cells for 4 h in a 5% CO2 atmo-
sphere at 37°C. The supernatant was removed fol-
lowed by added 100 mL DMSO and then the OD at 
490 nm was measured using a Quant Universal 
Microplate Spectrophotometer (Bio-Tek 
Instruments, Winooski, USA).

Flow cytometry analysis of apoptosis

Annexin V and PI fluorescein staining kit (Bender 
MedSystems, Austria) was utilized to measure 
CNE2 cell apoptosis. Briefly, 5 × 105 cells were 
suspended in 500 μL 1 × binding buffer (10 mM 

HEPES pH 7.4, 140 mM NaCl, 2.5 mM CaCl2). 
Cells were incubated with Annexin V (1:20) for 
5 min followed by incubation with propidium 
iodide (PI, 1 mg/mL) for 15 min at room tempera-
ture in the dark. Apoptosis rate was evaluated by 
a FACScalibur flow cytometer (BD, Franklin 
Lakes, NJ, USA).

Wound healing assay

CNE2 cells were transfected with sh-PFK1 or 
scrambled negative control. The cells were grown 
to 90% confluency for 24 h after transfection, 
created wounds with a sterile 100 μL pipette tip. 
The cells were rinsed with a medium to remove 
any free-floating cells and debris and then incu-
bated with fresh medium at 37°C. Wound healing 
was observed at different time points (0, 12, and 
24 h) within the scrape line-and representative 
scrape lines were imaged. Results are presented 
as the percentage of wound healing, which was 
calculated as follows: [Wound area (initial) – 
Wound area (final)]/Wound area (initial) × 100%.

Transwell assay

Cell invasion assay was performed in a Transwell 
(Corning, NY, USA) with a pore size of 8.0 μm. 
About 1 × 105 cells were seeded in serum-free med-
ium in the upper chamber, while medium contain-
ing 10% FBS in the lower chamber. After incubating 
for 48 h at 37°C, CNE2 cells in the upper chamber 
were carefully removed with a cotton swab. The cells 
traversed to the reverse face of the membrane were 
fixed with methanol and stained with crystal violet. 
Labeled invasive cells imaging was carried out on an 
inverted microscope.

Statistical analysis

All statistical analysis was performed by SPSS ver-
sion 19.0 (IBM, Chicago, IL, USA) statistical soft-
ware package. The data were described as mean± 
standard deviation (SD). The Student’s t-test was 
used to compare the means of two groups. 
Analysis of variance (ANOVA) and Tukey’s post 
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hoc test method was used to perform multiple 
comparisons of numerical variables. Results with 
p < 0.05 were considered statistically significant.

Results

PFK1 is overexpressed in NPC tissues
To investigate PFK1 expressions among nasophar-
yngeal tissue samples with different clinical stages, 
we explored three groups: chronic inflammatory 
tissue of nasopharyngeal (CNP), nasopharyngeal 
carcinoma without lymph node metastasis (CPN- 
NLM) and nasopharyngeal carcinoma lymph node 
metastasis (NPC-LM). As expected, the PFK1 
expression level was significantly higher in CNP- 
LM tissues than that in other groups (Figure 1(a– 
b)). Consistent with WB results, as shown in 
Figure 1(c), a significant increase in expression 
levels of the PFK1 mRNA was observed in CNP- 
LM and CNP-NLM group as compared to the 
control (P < 0.001). Both WB and qPCR analysis 
indicated that tumors with advanced clinical stages 
have a higher expression levels of PFK1. Moreover, 
the activity of the PFK1 enzyme and clinical-stage 

progression has a notable positive correlation, 
which suggested that PFK1 has effect on malignant 
biological behaviors as well (Figure 1(d)).

PFK1 is efficiently knocked-down by DNA 
vector-based RNAi

After comprehending the relative of PFK1 expres-
sion level and NPC stage progression, knockdown of 
PFK1 in CNE2 cells were carried on by DNA vector- 
based RNAi (Schematic illustration of the recombi-
nant pYr-1.1-hU6-EGFP vector is shown in Figure 2 
(a)). Here we tested four different PFK1 si-H-PFK1- 
442, sh-H-PFK1-507, si-H-PFK1-698, si-H-PFK1- 
1102, and RT-PCR analysis were carried on to eval-
uate the knockdown efficiencies. We demonstrated 
that vector-based RNAi could specifically and effi-
ciently down-regulate the expression of the PFK1 
gene, with knockdown efficiencies that might differ 
greatly between shRNAs (Figure 2(b)). As shown in 
Figure 2(c), compared with that in vector control or 
untreated transfectants, the PFK1 mRNA levels in 
cells transduced with sh-H-PFK1-507 significantly 
reduced by nearly 4.0-fold (p < 0.001), however, the 

Figure 1. Expression and activity of PFK1 in nasopharyngeal tissues. (a–b) Western blot of PFK1 in different tissues where β-actin 
protein was used as reference shows significant difference in PFK1 expression level. (c) Quantification of PFK1 mRNA expression in 
different nasopharyngeal tissues detected by qPCR. The expression of β-actin protein and mRNA was served as the controls for 
sample loading. (d) Analysis activity of PFK1 enzyme in different groups. All experiments were performed at least three times with 
consistent and repeatable results.
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CNE2-si-H-PFK1-698 and CNE2-si-H-PFK1-1102 
cells showed no marked reduction in the mRNA 
transcription (p > 0.05). Additionally, labeled cell 
imaging was recorded on an immunofluorescence 
microscope. As shown in Figure 2(d), more green 
fluorescence dots were observed in CNE2 cells trea-
ted with sh-H-PFK1-507, which were in agreement 
with the luciferase expression experiments.

Stable knockdown of PFK1 using sh-PFK1-507 in 
CNE2 cells

To further validate the roles of PFK1 in cancer 
development and the potentials of PFK1 down- 
regulation for NPC therapy, PFK1 stable knock-
down experiments were performed in the CNE2 
human NPC cell line. As shown in Figure 3, stable 
infectious clone sh-PFK1-507 was established from 
the CNE2 cells, with the greatest suppression by 
sh-PFK1-507 infected CNE2 cells in mRNA levels 
(P < 0.001). No obvious effects on PFK1 expres-
sion were found between the empty vector group 
and the untreated group (Figure 3(a)). Protein 

quantification demonstrated that levels of PFK1 
expression were down-regulated by nearly 
4.0-fold in sh-PFK1-507 cells; however, no signifi-
cant difference was found between empty vector- 
transduced clone and untreated group. (p > 0.05, 
Figure 3(b)). In line with the above results, signif-
icant decreases in expression levels of the PFK1 
mRNA were observed in sh-PFK1-507 cells as 
compared to the control (p < 0.001, Figure 3(c)). 
Furthermore, we also evaluated the effect of stable 
knockdown of PFK1 on its enzyme activity in NPC 
CNE2 cells. Moreover, the PFK1 activity was sig-
nificantly reduced by approximately 3.0-fold with 
sh-PFK1-507 transduced (p < 0.001, Figure 3(e)), 
speculating that the overexpression of PFK1 could 
increase its enzyme activity through activating 
some canonical pathway in NPC cancer cells.

PFK1 knockdown induces apoptosis and inhibits 
proliferation of CNE2 cells

ShRNA-mediated down-regulation of PFK1 expres-
sion on CNE2 cell apoptosis was detected in order to 

Figure 2. Construction, identification and expression of PFK-1 shRNA recombinant plasmids. (a) Schematic diagram of the 
recombinant pYr-1.1-hU6-EGFP vector. (b) RT-PCR analysis identified the PFK-1 shRNA recombinant plasmids after digestion with 
restriction enzyme XhoI. The level of sh-PFK1-507 mRNA expression was higher compared with other RNA interference fragment. (c) 
RT-PCR analysis of PFK1 mRNA expression. The β-actin mRNA and protein expression served as controls for sample loading. (d) 
Immunofluorescence microscopy images (left: bright field, right: green fluorescence EGFP) of intracellular trafficking of different PFK1 
in CNE2 cells at optimal ratios.

158 S. LI ET AL.



research on the phenotypical changes. After 
obtained the most effective and specific sh-PFK1 
-507 transfectant, we following conducted Annexin 
V-FITC/PI assay to analyze cell apoptosis in CNE2 
transfectant cells. As shown in Figure 4(a and b), cell 
apoptotic rate of sh-PFK1-507-transduced treat-
ments induced cell increased from 13.69 ± 2.06% to 
39.01 ± 5.08% compared with the control group 
(p < 0.01). To further explore whether PFK1 knock-
down by sh-PFK1-507 also has an inhibitory effect 
on CNE2 cell proliferation, we accomplished deter-
mination of cell growth via MTT assay for 24 h, 48 h, 
and 72 h, respectively. The growths of sh-PFK1-507 
and control vector-transduced cells were obviously 
inhibited with increased incubation time from the 
cell growth curve (Figure 4(c)). Accordingly, PFK1 

promoted cell proliferation and suppressed apopto-
sis in NPC CNE2 cells. Furthermore, the sh-PFK1 
-507-transfected cells can significantly increase the 
expression of the active caspase-3, active caspase-9 
compared with other groups (Figure 4(d–e)). We 
also found an increased trend for Bax, and a reduced 
trend for Bcl-2 and PCNA in CNE2 cells transfected 
with sh-PFK1-507.

PFK1 Knockdown inhibits the migration of CNE2 
Cells

A wound healing assay was performed to confirm the 
PFK1 knockdown effect on migration of CNE2 cells. 
As shown in Figure 5(a and b), the wound healing 
ratio at 12 h of untreated, vector, and shPFK1-507 cells 

Figure 3. Effects on shRNA-mediated silencing of PFK1 at the mRNA and protein levels. The CNE2 cells were stably transduced with 
a sh-PFK1-507 plasmid or a control vector. The expression of PFK1 mRNA (a) and protein (b) in stable clones was examined by RT- 
PCR and Western blot analysis. β-actin served as an internal control. mRNA or Protein quantification was obtained by densitometric 
analysis of the mRNA (c) or protein (d). (e) Effects of PFK1 knockdown by sh-PFK1-507 on enzyme activity. All experiments were 
performed at least three times with consistent and repeatable results.
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was 0.69 ± 0.04, 0.43 ± 0.07, 0.33 ± 0.09, respectively. 
And 1 ± 0, 0.97 ± 0.06, 0.63 ± 0.08, respectively, at 24 h, 
ShPFK1-507 transduced CNE2 cells migration into 
the scratch wound area was significantly decelerated 
compared with control groups (P < 0.001), while there 
were no obvious differences between untreated and 
control vector cells (P > 0.05). Thus, PFK1 expres-
sion knockdown blocked the migratory ability of 
CNE2 cells.

PFK1 knockdown inhibits the invasion of CNE2 cells

CNE2 cells were transferred to Matrigel-coated 
transwell chambers for 48 h in order to explore the 
effect on invasion potential of PFK1 by vector-based 
shRNA-mediated suppression. The cells invaded 
through the membrane coated with Matrigel-and 
the amount of shPFK1-507 cells was significantly 
less than the untreated or control Vector cells 
(Figure 6(a)). The analysis of quantification implied 

Figure 4. Effect of sh-PFK1-507 on apoptosis and proliferation of CNE2 cells. (a) Flow cytometry analysis of cell apoptosis. Cells were incubated 
in culture medium for 24 h after transfected with sh-PFK1-507. (b) The mean± SD (Standard deviation) percentage of apoptosis cells measured 
from Flow cytometry. Compared with control cells, the apoptotic rate of sh-PFK1-507 cells significantly increased (39.01 ± 5.08%; p < 0.001). (c) 
Detection of cell viability via MTT assay. Proliferation of CNE2 cells stably transfected with sh-PFK1-507, vector or untransfected CNE2 cells were 
evaluated. The highest inhibitory rate of sh-PFK1-507 transfected cells was 33.69 ± 3.47% (p < 0.05). (d–e) Apoptosis proteins (active caspase-3, 
active caspase-9, and Bax) were increased, and antiapoptosis (Bcl-2 and PCNA) were reduced in CNE2 cells transfected with sh-PFK1-507. All 
experiments were performed three times with consistent and repeatable results.
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Figure 5. Stable knockdown of PFK1 inhibited migration of CNE2 cells. (a) Migration of CNE2 cells into the scratch wound after 0, 12 
and 24 h of culture with ShPFK1-507 in the Wound healing assay. (b) Migration rate of CNE2 after incubation in 12 and 24 h.

Figure 6. Stable knockdown of PFK1 inhibited invasion of CNE2 cells. (a) Representative cells invade through Matrigel and 
membrane. (b) Amount of invaded cells in different groups. All experiments were performed at least three times with consistent 
and repeatable results.
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that invading cells of ShPFK1-507 were 2-folds 
decreased comparing with untreated and Vector 
cells (p < 0.001, Figure 6(b)). It is easy to say that 
stable silence for PFK1 evidently reduced the inva-
sive capability of CNE2 cells.

Discussion

Nasopharyngeal carcinoma which arises from squa-
mous epithelial cells is frequently diagnosed in 
advanced stages or after metastases due to the anato-
mical position and lack of specific prodromal sympto-
matology [5,19,20]. The prognosis of patients with 
NPC is relatively poor with a median survival period 
of about 31.30 months [21]. With the development of 
molecular inhibitors such as nivolumab, pembrolizu-
mab, and Bevacizumab, the prognosis of patients with 
recurrent and/or metastatic NPC has improved tre-
mendously [22]. It is needed to realize the function of 
a certain gene and the molecular mechanism of NPC.

The 6-phosphofructo-1-kinase (PFK1) is a key 
regulatory enzyme of glycolysis. The function of 
PFK1 is catalyzing the Mg-ATP-dependent phos-
phorylation of fructose-6-phosphate to converse 
into fructose 1, 6-bisphosphate, and the release 
of Mg-ADP as a byproduct [23]. Glycosylation 
inhibits PFK1 activity and redirects the flux of 
glucose from glycolysis through the pentose 
phosphate pathway (PPP) which provides 
a selective growth advantage to cancer cells. 
Blocking glycosylation of PFK1 at Ser529 could 
reduce cancer cell proliferation in vitro and 
impair tumor formation in vivo [23]. 
Moreover, Wang et al. has found that PITA 
interacts with p53 and specifically suppresses 
transcription of the glycolysis regulator TIGAR 
exhibited increased PFK1 activity and an ele-
vated glycolytic rate [24]. It has also showed 
that miR-135 accumulates specifically in 
response to glutamine deprivation and requires 
ROS-dependent activation of mutant p53, which 
directly promotes miR-135 expression to sup-
press aerobic glycolysis by targeting PFK1 [25]. 
PFKFB3 is one of the allosteric activators of 
PFK1 as well as the most potent stimulator of 
glycolysis which is believed to contribute to 
tumor progression of different types of cancer 

[15,26]. Thus, PFK1 has been confirmed to be 
strikingly overexpressed in several human can-
cers including Glioblastoma [14], cervical cancer 
[10], oligodendrogliomas [10], bladder cancer 
[18], and cholangiocarcinoma [12]. Altenberg 
et al. has shown that the expression of glycolysis 
genes were ubiquitously upregulated in 24 can-
cers [26], which including rate-limiting enzymes 
PFK1, concentration-dependent enzymes HK2, 
GAPDH, TPI, PGK1, and ENO1 [27]. 
Furthermore, other researchers [7,16] and our 
study (unpublished data) have revealed that 
PFK1 expression has a positive correlation with 
tumor stage, differential degree, tumor prolifera-
tion, and invasive ability. NPC patients with an 
extremely strong PFK1 overexpression have rela-
tively shorter survival rates than those with 
lower PFK1 expression, indicating that elevated 
expression level of PFK1 could be an indepen-
dent factor of bad prognosis (unpublished data). 
Additionally, the activity of PFK1 was remark-
ably increased in the primary sites of breast 
cancer patients by comparing para-cancer tissues 
or patients with breast benign lesions. Metastatic 
tumor tissues presented a two-fold increase in 
this particulate activity when compared to non-
metastatic tumor samples [28]. In the current 
study, we confirmed that the expression and 
activity of PFK1 were remarkably increasing 
both in NPC tissue samples and CNE2 cell 
lines. Thus, the mechanistic function and 
expression type of PFK1 suggests that PFK1 
may play a role in promoting carcinogenesis 
and malignant progression of NPC under certain 
pathological conditions. The correlation between 
the high expression level of PFK1 and the 
advanced stages of NPC or other cancers sug-
gests that PFK1 expression regulation could pro-
vide a new idea in gene therapy.

RNAi, a posttranscriptional gene-silencing 
mechanism in most eukaryotic cells that modu-
late a wide range of genetic regulatory pathways, 
was first discovered in Caenorhabditis elegans 
[29]. Recently, RNAi technology has been pro-
ven to be a newly advanced effective tool for 
target gene silencing which can therefore be 
used widely for analyzing the function of genes 
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and as a therapeutic target in cancer in vivo and 
in vitro [30–34]. Currently, knockdown of PFK1 
by vector-based RNAi as a therapeutic model for 
CNE2 treatment is not yet established. In the 
present study, we found that the expression 
level of PFK1 mRNA and protein was remark-
ably suppressed by RNAi according to RT-PCR 
and Western bolt analysis.

Next, we used RNAi as a strategy to specifically 
knockdown of PFK1 to explore that whether inhibi-
tion of PFK1 could regulate the biologic functions of 
CNE2 NPC cells. Based on our results, knockdown of 
PFK1 expression significantly inhibits cell prolifera-
tion of the CNE2 cell line via MTT assay. As 
expected, it can also induce apoptosis by flow cyto-
metry analysis, comparing to the rare in CNE2 cells 
transfected with mock siRNA. As it is well known, 
apoptosis is a physiological process controlled by 
multiple genes, in which various apoptosis-related 
proteins are implicated. Caspase-3 is known to be 
play an executioner role in cell apoptosis, which can 
be activated by both extrinsic (caspase-8 activation) 
and intrinsic (caspase-9 activation) pathways to 
induce cell shrinkage, nuclear condensation, and 
DNA fragmentation [35]. Moreover, the Bcl-2 family 
also has a great influence on tumor cell apoptosis. It is 
comprised of antiapoptotic members such as Bcl-2, 
Bcl-xL, and Mcl-1 and pro-apoptotic members such 
as Bax, Bad, and Bak [36]. As shown in Figure 4(d–e), 
the expression level of active caspase-3, active cas-
pase-9, and Bax was increased, while the expression 
levels of Bcl-2 and PCNA were steadily reduced in 
CNE2 cells transfected with sh-PFK1-507. These data 
demonstrating that PFK1 plays an important role in 
promoting antiapoptotic proteins and inhibiting 
pro-apoptotic proteins, which are consistent with 
those in a study [7] of PFK1 knockdown promotes 
apoptosis and inhibits cell proliferation in muscle- 
invasive bladder cancer cell.

In addition, some clinical studies indicate that 
PFK1 levels are closely associated with the degree 
of tumor cell invasion and PFK1 plays key roles in 
tumor progression and metastasis [7,16,28,37]. 
These clinical results prompted us to investigate 
whether stable silencing of PFK1 expression could 
inhibit CNE2 progression by altering tumor cell 

migration and invasion. Our cell wound healing 
experiments revealed that a long-term RNAi knock-
down of PFK1 could result in significant suppression 
of migration in CNE2 cells. The invasive capabilities 
of in vitro CNE2 cells, a hallmark of cancer progres-
sion and metastasis, also significantly reduced by 
vector-based PFK1-specific siRNA.

In summary, silencing the PFK1 gene with vector- 
based PFK1 siRNA can significantly promote apop-
totic effects and inhibit proliferation, migration, 
invasion in CNE2 cells. These, therefore, raise the 
possibility that PFK1 is a reliable biomarker for the 
molecular diagnosis of NPC and a promising candi-
date target for NPC therapy at least in CNE2 cells. 
Animal studies using vector-based PFK1-specific 
siRNA are currently on the way to evaluate their 
in vivo usefulness.
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