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Abstract

Nasopharyngeal carcinoma (NPC) is a squamous epithelial cancer, arising from the
nasopharynx epithelium. It has high morbidity and mortality. PFKFB3 as a glycolytic activator
has been implicated in the progression of multiple types of tumor. PFKFB3 can be contributed
to the progression and metastasis of cancer. However, whether PFKFB3 is associated with the
progression of NPC remains unknown. We postulated that PFKFB3 promotes proliferation,
migration and angiogenesis in nasopharyngeal carcinoma. In this study, we found that PFKFB3
was significantly up-regulated in NPC tissues and cell lines compared with normal control.
Our study proved that PFKFB3 can regulate the proliferation, metastasis and apoptosis of
NPC. By the way, the NPC-derived exosomes come from and CNE2-derived exosomes are
enriched in PFKFB3. The enrichment of PFKFB3 played a crucial functional role in promotes
HUVEC:s proliferation, migration and angiogenesis. And tumor angiogenesis is closely related
to the proliferation and metastasis of tumor. In conclusion, our findings demonstrate that
PFKFB3 could act not only as a clinical biomarker for angiogenesis but also as a therapeutic
target to overcome angiogenesis, enhancing the clinical benefits of angiogenesis therapy in
NPC patients.
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Introduction
and distant

Nasopharyngeal carcinoma (NPC) is the most  for

common malignancies of the head and neck[1, 2].
NPC, a squamous epithelial cancer, is arising from the
nasopharynx epithelium[3, 4]. Within the boundaries
of the nasopharynx, the tumour epicentre is
frequently seen at the fossa of Rosenmidiller, and the
tumour invades adjacent anatomical spaces or organs
from this[1]. Distinct differences exist between NPC
and other epithelial tumours in the head and neck
region. Greater than 95% of NPCs are undifferentiated
carcinomas[5]. NPC has the highest preponderance

neck lymph node metastasis
metastases[6]. Local recurrence and distant metastasis
(especially neck lymph node) are the leading causes of
poor prognosis among NPC patients[7, 8]. However,
the molecular mechanisms of metastasis in NPC are
not very clear. Therefore, it is of great clinical value to
further reveal the underlying molecular mechanisms
of metastasis in NPC carcinogenesis.

Tumor angiogenesis is closely related to the
proliferation and metastasis of tumor[9-11]. This
could lead to a fast regrowth of the tumor with
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potentially enhanced metastasis as a likely reason of
vessel leakiness and tumor angiogenesis[12]. But, how
does tumor affect vascular endothelial cells
(HUVECs)? We found that exosomes may play an
important role in this processes.

Among the multiple factors underlying
metastasis, the adaptation of primary tumor
microenvironment by cancer to facilitate cancer cell
dissemination and distant engraftment plays an
important pro-metastatic role[13]. Exosome is closely
associated ~ with  the metastasis of tumor
micro-environment[14]. Tumor cells actively produce,
release, and utilize exosomes to promote the
proliferation, migration and angiogenesis of
tumor[15]. These exosomes worked as information
carriers, transporting genetic and molecular messages
from tumor cells to other cells residing at close or
distant sites[16]. Target cells absorb these exosome
and alter functional attributes and phenotypic. In this
article, we found that after taking this exosomes,
vascular endothelial cells was reprogrammed into
contributors to angiogenesis. However, it is still
unclear that which molecular or genetic factors in
exosomes play a role in angiogenesis. Therefore, it is
of great clinical value to further reveal the molecular
mechanisms of NPC carcinogenesis and develop
effective therapeutic strategies.

PFKFB-3 (Enzymes 6-phosphofructo-2-kinase/
fructose- 2,6- bisphosphatase-3), a member of PFKFB
[17], can encode for inducible 6-phosphofructo-
2-kinase. It is a glycolysis-regulatory enzyme. Some
studies have shown that PFKFB-3 play a significant
role in the regulation of glycolysis in cancer cells as
well as its proliferation and survival[18]. PFKFB3
increase the production of Fru-2,6- P2 and lactate, and
this glycolytic enhancement results in cell cycle active,
apoptosis decreased and addition of colony
formation[19], promoted vessel sprouting[20, 21], and
the growth of tumor[22, 23]. PFKFB3 has been
reported to be up-regulated and exhibit
tumor-promotive roles in pancreatic cancer gastric,
breast, lung, and colon malignant tumors[21, 24, 25].
PFKFB3 can change in their metabolism that
contribute to the proliferation and survival of cancer
cells[18]. Despite the implications of PFKFB3 have
been studied in many tumors, the role of PFKFB3 in
NPC proliferation, metastasis and angiogenesis
remains unexplored. Can PFKFB3 transferred by
exosomes from NPC to vascular endothelial cells?

In this study, we recently identified a key role for
the glycolytic activator PFKFB3 in NPC by regulating
proliferation, migration and angiogenesis. Our
research shows that overexpression of PFKFB-3 is
observed in NPC. PFKFB3 suppression results in cell
cycle arrest, apoptosis and migration. The exosomes

from CNE2 cells can be transferred to vascular
endothelial cells and increase angiogenesis. This
process may be caused by PFKFB3 in exosomes. These
results suggested that PFKFB3 can promotes
proliferation, migration and angiogenesis in
nasopharyngeal carcinoma.

Materials and methods

Specimens and cell lines

After diagnosed via histopathological evidence,
Nasopharyngeal carcinoma tissue specimens were
obtained from the Affiliated hospital of Nantong
university and Nantong Tumor Hospital. The patients
didn’t receive antitumor therapy prior to biopsy.
Samples were frozen in liquid nitrogen immediately
after surgical removal. The control tissues were came
from nasal operation (without nasopharyngeal
carcinoma). All human tissues were collected using
the protocols approved by the Ethics Committee of
the Affiliated Hospital of Nantong university.

4 kinds of human NPC cell lines (CNE2, CNEI1,
5-8F, 6-18B) from our laboratory were cultured in
RPMI medium 1640 (GibCo BRL, Grand Islan, NY)
supplemented with 10% fetal bovine serum (FBS,
Gibco, Grand Islan, NY). CNE-2 (low differentiation),
CNE-1  (high  differentiation), 5-8F  (high
tumorigenesis and metastasis) and 6-10B (low
tumorigenesis and metastasis). 5-8F and 6-10B cells
were cultured in completed medium with penicillin
and streptomycin (Shanghai Genebase Gen-Tech Co.,
Ltd., Shanghai, China). The immortalized normal
nasopharyngeal epithelial cell line NP69 was cultured
in Keratinocyte-SFM medium supplemented with
epidermal growth facter (EGF) (Invitrogen, Carlsbad,
USA). Human umbilical vein endothelial cells
(HUVEC cells) were maintained in DMEM with low
glucose (DMEMLG, Gibco, Grand Islan, NY)
supplemented with 10% fetal bovine serum (FBS,
GibCo, Grand Islan, NY). All cells were cultured at
37°C under 5% COx.

Quantitative real-time PCR (qRT-PCR)

PFKFB3 expression in cells and tissues was
measured with qRT-PCR. Total RNA was isolated
from specimens or cell lines using TRIzol reagent
(Invitrogen, Shanghai, China). qRT-PCR analysis was
performed using SYBR Green. The primers were
designed and synthesized by Guangzhou RiboBio Co,
Ltd. (Guangzhou, China). The expression of each gene
was normalized by expression of GAPDH. Each assay
was performed in triplicate, and the average was
calculated.

Western blot analysis
Lysates were prepared from frozen samples and
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cultured cells using the RIPA lysis buffer (Beyotime
Institute of Biotechnology, Nantong, China).
Membranes were incubated with the primary
antibodies. For western blot analysis, we used the
following antibodies: anti-PFKFB3 (Abcam; 1:3,000
dilution), anti-AKT (Santa Cruz Biotechnology; 1:2000
dilution), anti-ERK (Santa Cruz Biotechnology; 1:500
dilution), anti-E-cadherin (Santa Cruz Biotechnology;
1:500 dilution), anti-N-cadherin (Santa Cruz
Biotechnology; 1:500 dilution),anti-Flotillin-1 (1:1000,
Santa Cruz Biotechnology), anti-CD63 (1:1000,
Sangon Biotech, Shanghai, China), and anti-CD9
(1:1000, Sangon Biotech, Shanghai, China), and mouse
anti-p-actin  (Santa Cruz Biotechnology; 1:2500
dilution) as a loading control. The expression levels of
each protein were normalized by p-actin. The
maximum intensity of each band was quantified
using Image J software. The values are representative
of at least three independent experiments.

Small interfering RNAs (siRNAs) and
transfection

Cells were transfected with specific siRNAs for
PFKFB3 or negative controls siRNA (RiboBio,
Guangzhou, Shanghai, China) by Lipofectamine 2000
(Invitrogen) following the manufacturer’s protocol.
Following culture with 48h, those siRNA changed the
phenotype of CNE2. Cells were collected for various
experiments.

Immunohistochemical staining

The slides dried at 60°C for 2h. Tissue sections
were deparaffinized by xylene, and re-hydrated with
sequential washes of 100%, 75%, and 50% ethanol,
and PBS. Firstly, slides epitope retrieval carried out
using citrate buffer (Vector Lab, CA) in 100°C, boiled
for 30 min. Endogenous peroxidase activity was
inhibited with 3% hydrogen peroxidase in PBS. The
sections were blocked with 10% goat serum for 1 h,
then incubated with primary antibody (anti- PFKFB3,
1 : 50, Abcam) overnight at 4°C. Secondly, incubated
with goat anti-rabbit secondary antibody (1 : 300,
Shenggong, Shanghai, China). Then the sections were
developed with 3,3’-diaminobenzidine
tetrahydrochloride (Shenggong, Shanghai, China) for
2 min and nuclei counterstained with hematoxylin
(Shenggong, Shanghai, China) for 2 min. PBS washes
were performed between all steps. After dehydration
with washes of 95% and 100% ethanol and xylene,
tissue sections with permanent mounting medium
were covered with glass coverslips, and viewed by
light microscope.

Immunofluorescence microscopy

Cells were cultured with 4% paraformaldehyde
and then blocked with 1% normal donkey serum.

After that, it incubated with primary antibodies
overnight at 4°C. Staining was visualized using
anti-mouse IgG Alexa Flour 488 (Molecular Probes,
USA), counterstained with Hoechst and observed
with a florescence microscope.

Cell viability assay (Cell Counting kit-8)

Cells were seeded into 96-well plates for 12h.
Then transfected with different siRNA and were
cultured for different time. 10ul per well of CCK-8 Kit
reagents were added and incubated for 2h incubation
at 37°C. The absorbance of each well was read at
450nm on a microplate reader. All of the experiments
were independently repeated at least three times.

Flow cytometric analysis of proliferation and
apoptosis

Cells, grown in plates, were transfected with
siRNA. After 48h, we collected those cells by
trypsinization. After cells double staining with an
Annexin V-FITC apoptosis detection kit (BD
Biosciences, Oxford, UK), cells were analyzed by flow
cytometry (FCM) analysis using BD CELL Quest
software (BD Biosciences, USA).

Cells were obtained by trypsinization and
pooled after 48h transfection. Then cells centrifuged at
2000 rpm for 5min. After that the cells were treated by
cell cycle detection kit (Key Gene). The samples were
analyzed by the FACS calibur flow cytometer (BD
Bioscience) and BD Cell Quest software.

Wound healing assay

Cells were seeded in 6-well plates and incubated
to confluence. A symmetrical wound was created on
the monolayer by a sterilized 200ul micropipette tip
when the cells reached 90% density. Then changed the
medium to 1640 containing 2% FBS. Duplicate wells
for each condition were examined, and each
experiment was repeated in triplicate.

Matrigel invasion and migration assays

After different treatment, cells were plated in a
serum-free medium in the top chamber. The
membrane without a coated (24-well insert; 8 pm pore
size; Millipore, USA) and a medium supplemented
with 10% serum with or without exosomes was in the
lower chamber. After 12 to 48 h, the bottom of the
chamber insert was stained with methanol and 0.1%
crystal violet, imaged. The Matrigel invasion assay
was done with the diluted BD biocoat Matrigel
Invasion Chamber (pore size, 8 mm, 24-well; BD
Biosciences, CA, USA). Each Matrigel invasion assay
was conducted in at least 3 replicates.

Exosome isolation and purification

Exosomes were obtained after 300xg for 5mins,
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3,000xg for 20 mins, 6,000%g for 40 mins and 10,000xg
for 60 mins. Cell-free supernatants were
ultracentrifuged at 100,000xg for 1h at 4°C (Beckman
90 Ti rotor). After washed by PBS, exosomes
submitted to a second ultracentrifugation in the same
conditions. Then quantify the protein content of
exosomes by BCA protein assay kit (PIERCE,
Rockford, IL, USA). Eosomes were stored at -80°C.

Statistical analysis

Data are presented as mean * SE, the Student’s
t-test was used for assessing the difference between
individual groups and P < 0.05 was considered
significant.

Results

PFKFB3 overexpression in human NPC tissues
and cell lines

PFKFB3 is overexpression in several cancers
have been implicated by some researches. The
immunohistochemical analysis was used to detect the
expression of PFKFB3 in NPC and non-cancerous
nasopharyngeal tissues. The positive expression of
PFKFB3 in NPC was higher than that in the
non-tumor tissue (Figure 1). Both low differentiation
and high differentiation NPC tissues are all
overexpression (Figure 1). To confirm these results,
we examined the expression of PFKFB3 in NPC
tissues and non-tumor nasopharyngeal tissues by

Low differentiation

non-tumor lesion

qRT-PCR and western blot. In 6 pairs of freshly
obtained samples, we found that the expression of
PFKFB3 was higher in cancerous tissues compared
with the normal tissues (Figure 2a). To confirm the
findings in cells, we examined the expression of
PFKFB3 in NPC cells (CNE2, CNE1, 5-8F, 6-10B) and
normal nasopharyngeal epithelial cell line (NP69).
The gqRT-PCR and western blot results show that
PFKFB3 level was markedly increased in NPC cells
(Figure 2b). Taken together, these findings suggested
that PFKFB3 was overexpression in NPC.

In four different NPC cell lines, the highest
expression level of PFKFB3 was appeared in CNE2.
Thus, CNE2 was selected for subsequent experiments.
To investigate the role of PFKFB3 in NPC, NPC cells
were transfected with siRNA (target to PFKFB3).
After that the effect of siRNA was confirmed by
gRT-PCR and western blot (Fig. 2c). As we expected,
the level of PFKFB3 was markedly reduced after
transcribed with siRNA PFKFB3 compared with the
scrambled negative controls. Between 4 kinds of
siRNA, siRNA-1 was chosen as the most effective
siRNA because of the result of fig 2c.
Immunofluorescence microscopy was also used to
detect the expression of PFKFB3 in CNE2 and NP69.
Researches showed that PFKFB3 level was higher in
CNE2 than NP69 and CNE2 transfected with siRNA-1
(Fig. 2d).

High differentiation

Figure 1. PFKFB3 is highly expressed in NPC. The immunohistochemical analysis was used to detect the expression of PFKFB3 in NPC and non-cancerous
nasopharyngeal tissues. The positive expression of PFKFB3 in NPC was higher than that in the non-tumor tissue. Both low differentiation and high differentiation NPC

tissues are all overexpression.
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PFKFB3 promotes proliferation and reduces
apoptosis of NPC

To assess the effects of PFKFB3 on proliferation,
we performed a CCK8 experiment firstly. Our results
indicated that silencing PFKFB3 expression decreased
cell proliferation in CNE2 (Fig. 3a). Flow cytometer
was carried out to further confirm the effect of
PFKFB3 on cell proliferation. As shown in figure 3b,
Inhibiting the expression of PFKFB3 in CNE2
increased the proportion of G1 phase (from 38.24% to
67.17%), and decreased the proportion of S phase and
G2 phase population (from 61.76% to 32.83%). These
results may indicate that PFKFB3 had significant
effects on cell cycle. To research the mechanism of this
process, we detected the expression of PCNA and
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clearly reduced the expression of PCNA and cyclin a
compared to control (Fig. 3c). These results suggested
that PFKFB3 can promote cell proliferation through
regulating cell cycle pathway in NPC.

To study the effects of PFKFB3 on apoptosis in
CNE2, flow cytometry was implemented. The results
showed that decreasing PFKFB3 increased the total
apoptosis rate of CNE2 cells from 15.89% to 38.57%
(Fig. 3d). These results suggested that PFKFB3
depress the apoptosis of CNE2. Our evidences
indicated that ERK and p-AKT were down-regulated
after transfected with siRNA-1 (Fig. 3e). This result
suggested that PFKFB3 may regulate the process of
apoptosis in NPC by activating ERK and p-AKT.
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Figure 2. PFKFB3 overexpression in human NPC tissues and cell lines (A) The expression levels of PFKFB3 in NPC and non-cancer tissue were measured
by qRT-PCR and western blot. T (human NPC tissues), N (non-cancer tissue). (B) qRT-PCR assays and western blot for the expression of PFKFB3 in NPC cell lines
(CNE2, CNEI, 5-8F and 6-10B) compared with the nasopharyngeal epithelia cell NP69 were detected. (C) CNE2 cells were transfected with none-siRNA (CNE2),
si-NC (scrambled siRNA) and siRNA PFKFB3. Then qRT-PCR and western blot for PFKFB3 was performed. (D) Immunofluorescence microscopy was used to detect
the expression of PFKFB3 in CNE2 , CNE2 transfected with siRNA-1 and NP69. Data are mean + SE. The same experiments were performed in triplicate. *P < 0.05.
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PFKFB3 promotes NPC migration and
invasion by influence the EMT program

Based on a series of experiments, we found that
PFKFB3 takes part in regulating the migration and
invasion in NPC cells. To evaluate the pathway of
regulation that PFKFB3 is was critical for the
migration and invasion of NPC, cell migration and
invasion assays were performed in CNE2 cells
transfected with different siRNAs. Further, the
wound healing assay showed that knocking down
PFKFB3 inhibited the migration of CNE2 cells (Fig.
4a). At the same time, transwell assay indicated that
transfected with siRNA-1 significantly reduced the
migration and invasion ability in CNE2 compare to
the negative control (Fig. 4b). To verify the
mechanism of invasion, the epithelial and
mesenchymal markers were detected by western blot.

As a result, the epithelial markers E-cadherin were
up-regulated after CNE2 transfected with siRNA-1.
And the mesenchymal markers vimentin and
N-cadherin were significantly down-regulated
(Figures 4c). Taken together, these results suggest that
PFKFB3 promotes NPC migration and invasion by
influence the EMT program.

NPC-derived exosomes and CNE2-derived
exosomes are enriched in PFKFB3 and
promoted HUVEC:s proliferation, migration
and angiogenesis

Exosomes, the microvesicles originate from
multivesicular bodies (MVBs), are released into the
extracellular environments and play an important role
in adjacent cells[26]. Particular populations of
proteins are selectively packaged in exosomes and
transferred to tissue fluid or blood[27]. First of all,
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exosomes were isolated by ultracentrifugation, and
our task group had successful ensure the isolation by
TEM (transmission electron microscope) in several
pages [28, 29]. Then, the collected exosomes were
examined by flow cytometry sorting (diameter
concentrated in the 50-120cm) (Figure 5a). CD63 and
CD9 were highly enriched in exosomes according to
the references. To ensure successful isolation, the
exosomal markers CD63 and CD9 were detected by
western blot. The exosomal markers (CD63 and CD9)
and flotillin-1 were highly experienced in isolated
exosomes than CNE-2 cells (Figure 5b). Based on pilot
researches, we found that PFKFB3 is enriched in
exosomes from NPC patients compared to healthy
volunteers. PFKFB3 is also highly enriched in
exosomes from CNE2 cells transfected with control
siRNA than transfected with siRNA-1 (Figure 5c). The
expression of PFKFB3 in HUVEC was highly

A
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invasion
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E-cadherin
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improved after cultured with CNE2-exosome (Figure
5d). We knockdown the PFKFB3 in HUVEC, then
cultured with exosomes to prove that HUVEC can
absorb and take advantage of the PFKFB3 form
exosomes. CCK8 evaluate that the exosome from
CNE2 cells was critical for modulating the
proliferation of HUVECs (Figure 5e). The
proliferation of HUVECs was obviously promoted
after stimulated by exosomes from CNE2 cells. Flow
cytometer was also carried out to evaluate the effect
(Figure 5f). By the way, the migration of HUVECs was
increased after stimulated by exosomes from CNE2
cells (Figure 5g). The angiogenesis of HUVECs was
enhanced after stimulated by exosomes from CNE2
cells (Figure 5h). As a result, CNE2-derived exosomes
are enriched in PFKFB3 and promotes HUVECs
proliferation, migration and angiogenesis.
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Discussion

Mounting evidence indicates that the biological
processes of NPC is complicated and characterized by
uncontrolled proliferation and migration[1]. It is
crucial to identify the mechanisms of NPC’s biological
processes and to develop novel therapeutic strategies.
Neoplastic cells metabolize more glucose relative to

normal cells in order to satisfy the need of increased
energetic and anabolic[30, 31]. PFKFB3 has been
found as a glycolytic activator and highly expressed
in many tumors[32]. In this article, we found that
PFKFB3 is highly expressed in human NPC tissues
and cell lines. The immunohistochemical analysis
confirmed  that  PFKFB3 is  significantly
over-expressing in different types of NPC. This
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finding let us to surmise that PFKFB3 may play an
important role in the biological processes of NPC.
Both CCKS8 and flow cytometer found that inhibition
of PFKFB3 diminished CNE2 cells proliferation. This
result allowed us to further consider PFKFB3’s
specific mechanisms of proliferation in NPC. The cell
cycle marker of PCNA and cyclin a was detected to
try to explain the mechanisms that PFKFB3 had
significant effects on NPC proliferation by regulating
cell cycle. In addition, apoptosis also plays an
important role in these processes. Inhibition of
PFKFB3 diminished the migration and invasion of
CNE2 cells. The change of epithelial and
mesenchymal markers means EMT pathway take part
in the migration and invasion in CNE2 by PFKFB3.
Taking together, these results suggest that PFKFB3
may act as a tumor promoter through promoting cell
migration and invasion. Thus molecular parameters
suggested that PFKFB3 may be able to drive the CNE2
cells from an epithelial to mesenchymal status.
Together, these results suggest that PFKFB3 may be a
novel the epithelial-mesenchymal transition (EMT)
inducer, and it has a role in NPC progression. Some
researches recently identified that the glycolytic
activator PFKFB3 play a key role in vessel sprouting
by regulating cytoskeleton remodeling, migration and
tip cell competitiveness[33]. PFKFB3 has been
reported to regulated the proliferation, migration and
vessel sprouting of HUVECs[34]. Pathological
angiogenesis is a characteristic marker of cancer[35].
Pathological angiogenesis can carry tumor cells to
distant metastases by special pathway[36]. Exosomes
can be secreted from multiple types of cells and
participate in intercellular communication by
transmitting intracellular cargoes, such as proteins
and nucleic acids[37, 38]. In this report, we found that
NPC-derived exosomes and CNE2-derived exosomes
are enriched in PFKFB3. This means PFKFB3 in
exosomes can become a characteristic signs to NPC.
Recently, some studies have suggested that exosomes
could potentially affect therapeutic response though
the transfer of proteins [39, 40]. Knockdown the
expression of PFKFB3 in CNE2 can significantly
influence the expression of PFKFB3 in CNE2-derived
exosomes. By the way, even knockdown the
expression of PFKFB3 in HUVECs, they still can
absorb PFKFB3 by foreign exosomes. CNE2-derived
exosomes release PFKFB3 to HUVECs and promotes
HUVECs proliferation, migration and angiogenesis.
Flow cytometry sorting and exosomal markers were
detected to ensure successful isolation of exosomes.
In conclusion, our research demonstrated that
PFKFB3 has functions in regulating the proliferation,
migration and angiogenesis of NPC. It is more
important that PFKFB3 can be a crucial angiogenesis

site, and can reduce the migration of NPC. It may be
critical for the biological activity and to develop novel
therapeutic strategies. Therefore, this study extends
our knowledge on the oncogenesis of NPC.
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