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Promotion of metastasis of thyroid cancer cells
via NRP-2-mediated induction
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Abstract. Tumor-node-metastasis is one of the leading causes
of morbidity and mortality in thyroid cancer patients. Upregu-
lation of vascular endothelial growth factor-C (VEGF-C)
increases the migratory ability of thyroid cancer cells to lymph
nodes. Expression of neuropilin-2 (NRP-2), the co-receptor of
VEGF-C, has been reported to be correlated with lymph node
metastasis in human thyroid cancer. The present study investi-
gated the role of VEGF-C/NRP-2 signaling in the regulation of
metastasis of two different types of human thyroid cancer cells.
The results indicated that the VEGF-C/NRP-2 axis signifi-
cantly promoted the metastatic activities of papillary thyroid
carcinoma cells through the activation of the mitogen-acti-
vated protein kinase (MAPK) kinase (MEK)/extracellular
signal-regulated kinase and p38 MAPK signaling cascades.
However, neither MEK or p38 MAPK inhibitors produced
significant inhibition of the migratory activity and invasiveness
regulated by the VEGF-C/NRP-2 axis in follicular thyroid
carcinoma cells. Finally, VEGF-C/NRP-2-mediated invasion
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and migration of thyroid cancer cells required the expression
of NRP-2. The present results demonstrate that the promotion
of metastasis by VEGF-C is mainly due to the upregulation
of NRP-2 in thyroid cancer cells, and this metastatic activity
regulated by the VEGF-C/NRP-2 axis provides further insight
into the process of tumor metastasis.

Introduction

The formation of metastasis requires multiple complex
processes, including local invasion by cancer cells into
lymphatic and blood vessels, trafficking and extravasation
of cancer cells to the lymph node and distant organs, and
development of small tumor nodules (1). Various factors
and signaling networks enhance the metastatic potential of
cancer cells by allowing tumor cells to survive, proliferate and
migrate (1). Vascular endothelial growth factor-C (VEGF-C),
a member of the VEGF family, has been reported to promote
tumor lymphangiogenesis (2). VEGF-C is a secreted homodi-
meric glycoprotein with a central VEGF homology domain
containing receptor binding sites for VEGF receptor-2
(VEGFR-2) and VEGFR-3 (2). Transgenic overexpression of
VEGF-C in keratocytes causes lymphatic, but not vascular,
endothelial proliferation and vessel enlargement in mouse
skin (3). Several studies have demonstrated that cancers with
lymph node metastasis usually express more VEGF-C than
the corresponding normal mucosa (4), but this correlation is
not universal (5), since VEGF-C expression is upregulated in
numerous, but not all, human cancers (6,7).

Neuropilin-2 (NRP-2) has been reported to function as
a co-receptor for class 3 semaphorins and several VEGFs,
including VEGF-C (8). NRP-2, a cell surface glycoprotein, is
crucial for repulsive axon guidance, vascularization and angio-
genesis (9,10). Since it lacks intracellular signaling motifs,
NRP-2 forms co-receptor complexes with plexins and VEGFRs
such as VEGFR-3 to mediate signal transduction (8,11).
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The role of NRP-2 in tumor pathogenesis has not been
completely clarified. Expression of NRP-2 has been detected in
breast (12) and pancreatic cancer (13). Furthermore, the expres-
sion levels of NRP-2 in lung lesions increased from dysplasia
to microinvasive carcinoma (14). In addition, non-small-cell
lung carcinoma patients with upregulated NRP-2 expression
had a significantly worse prognosis than those without expres-
sion of NRP-2 (15).

Thyroid carcinoma is the most frequent malignancy of
the endocrine system, mainly affecting women, with an
estimated 60,220 new cases and 1,850 mortalities in the USA
in 2013 (16). The majority of thyroid tumors follow an indo-
lent clinical course with favorable prognosis (17). However,
thyroid carcinoma has a tendency to spread into lymphatic
channels and metastasize to regional lymph nodes at a high
frequency (17-19). Vascular invasion may be an adverse prog-
nostic sign, and thyroid cancer cells can metastasize via the
bloodstream or the lymphatic vasculature (18,19).

The mechanisms that determine the route of metastatic
spread remain largely unknown. Several studies have reported
that the expression of VEGF-C is correlated with metas-
tasis in papillary thyroid carcinoma (PTC) (18,19). These
results indicate that VEGF-C expression may play a role in
lymphangiogenesis of thyroid carcinoma and participate in the
molecular regulation of tumor metastasis. In addition, NRP-2
expression was observed in 64.3% of PTC patients (20), and
was reported to correlate with lymph node metastasis and
VEGF-D expression in human PTC tissues (20). These data
indicate that NRP-2 may contribute to the regulation of inva-
sion and motility of thyroid cancer cells. Taken together, these
studies suggest that VEGF-C and its co-receptor NRP-2 may
be involved in the regulation of the metastatic potential of
thyroid cancer cells.

In the present study, the role of VEGF-C/NRP-2 signaling
in metastasis was characterized in two types of thyroid cancer
cells, including PTC and follicular thyroid carcinoma (FTC),
which represent >90% of all thyroid malignancies (21). The
results demonstrate that the activation of the VEGF-C/NRP-2
axis is mediated at least through the mitogen-activated protein
kinase (MAPK) kinase (MEK)/extracellular signal-regulated
kinase (ERK) and p38 MAPK signaling cascades in PTC
cells. The VEGF-C/NRP-2 axis promotes the invasiveness
and migration of thyroid cancer cells, and this axis critically
requires NRP-2 for tumor invasion.

Materials and methods

Cell lines. The human K1 papillary thyroid cell line was
purchased from the European Collection of Authenticated Cell
Cultures (Salisbury, UK) and maintained in a 2:1:1 mixture
medium of Dulbecco's modified Eagle's medium:Ham's
F12: molecular cell developmental biology 105 medium
(Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10%
(v/v) fetal bovine serum (FBS), 2 mM glutamine, 100 IU/ml
penicillin and 100 pgg/ml streptomycin (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). The human thyroid
cancer WRO cell line (provided by Dr Jen-Der Lin, Chang
Gung Memorial Hospital, Taoyuan, Taiwan) was cultured
in RPMI medium (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% (v/v) FBS (Gibco; Thermo Fisher
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Scientific, Inc.), 100 IU/ml penicillin and 100 pg/ml strepto-
mycin (Gibco; Thermo Fisher Scientific, Inc.). Both cell lines
were maintained at 37°C in a humidified 5% CO,/95% air
atmosphere.

Overexpression of NRP-2. Expression plasmid of human
NRP-2 (GenBank: NM_201266; http:/www.ncbi.nlm.
nih.gov/nuccore/41872561) was purchased from OriGene
Technologies, Inc. (Rockville, MD, USA). Transfection was
performed using Geneln™ transfection reagent according to
the manufacturer's protocol (MTI-GlobalStem, Gaithersburg,
MD, USA). In brief, cells were seeded in 6-well culture
plates (0.5-1.0x10° cells/ml/well) and transfected with 8 ug
expression plasmid for 36 h. Transfected cells were starved
in 4% (v/v) FBS medium for the next 16 h. To stimulate the
VEGF-C/NRP-2 axis, the cells were treated with 100 ng/ml
human recombinant VEGF-C (PeproTech Inc., Rocky Hill, NJ,
USA) for the indicated times. To block the VEGF-C/NRP-2
interaction, the cells were pre-incubated with an NRP-2
function-blocking antibody (0.2 ug/ml; R&D Systems, Inc.,
Minneapolis, MN, USA) for 1.5 h before being stimulated
with VEGF-C (22). To determine the signaling pathways, the
transfected cells were pre-incubated with PD98059 (25 uM),
SB203580 (10 #uM) or SB202190 (20 M) (Sigma-Aldrich)
alone for 0.5 h, followed by VEGF-C stimulation, as
mentioned above. After incubation, the cells were collected
and subjected to western blot analysis as described previ-
ously (23). The antibodies used were directed against the Myc
epitope tag (cat. no. 2276; 1:1,000), phosphorylated (p)-ERK
(cat. no. 4376; 1:2,000), ERK (cat. no. 4695; 1:2,000), p-p38
MAPK (cat. no. 9215; 1:2,000) and p38 MAPK (cat. no. 9212;
1:2,000) (Cell Signaling Technology, Inc., Danvers, MA,
USA). All assays were performed in triplicate.

Migrationandinvasionassays.Toanalyze cell migrationusing
invitro scratch assay, NRP-2-overexpressing cells were seeded
in triplicate in 24-well plates (1.5-4.0x10° cells/ml/well) and
cultured in 4% (v/v) FBS medium overnight at 37°C (24,25).
Upon washing with phosphate-buffered saline, the cell
monolayer was scraped in a straight line with a pipette tip.
After incubation with culture medium (4% FBS) containing
VEGF-C plus or minus PD98059, SB203580 or SB202190
for 8 h, the cells were observed using a Nikon inverted
microscope (Nikon Corporation, Tokyo, Japan) and Image
Pro-Plus image analysis software (Media Cybernetics, Inc.,
Rockville, MD, USA). Images were obtained of =4 randomly
selected microscopic fields per well, and four randomly
selected gaps were calculated per photograph. The invasive
activity of NRP-2-overexpressing cells was examined using
the Corning® BioCoat™ Tumor Invasion System (Corning
Life Sciences, Tewksbury, MA, USA) according to the manu-
facturer's protocol (25). In brief, 5x10* cells were resuspended
in 200 ul 4% FBS medium and placed in the top chamber
(8-pm insert) in triplicate wells for each group (VEGF-C
plus or minus PD98059, SB203580 or SB202190), while the
lower chamber was coated with Matrigel. After incubation
for 24 h, the cells from the top chamber were removed using
a cotton swab, and the cells on the lower surface of the insert
were fixed and stained using Giemsa stain (Sigma-Aldrich).
The number of cells was counted using a Nikon inverted
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Figure 1. Sequential phosphorylation of ERK and p38 MAPK in response to VEGF-C stimulation in NRP-2-overexpressing thyroid cancer cells.
NRP-2-overexpressing (A-C) K1 and (D-F) WRO cells were treated with 100 ng/ml VEGF-C at different time intervals, as indicated. (A) The levels of p-ERK
and p-p38 MAPK in K1 cells were measured using western blot analysis. An anti-Myc tag antibody was used to detect the expression of NRP-2. Representative
western blots from three independent experiments are shown. (B and C) The results of the densitometric analysis from three independent western blot analyses
are shown. (B) p-ERK/total-ERK and (C) p-p38 MAPK/total-p38 MAPK ratios in K1 cells were expressed as the relative variation vs. the basal levels of each
single experiment. (D) The levels of p-ERK and p-p38 MAPK in WRO cells were measured using western blot analysis. An anti-Myc tag antibody was used
to detect the expression of NRP-2. Representative western blots from three independent experiments are shown. (E and F) The results of the densitometric
analysis from three independent western blot analyses are shown. (E) p-ERK/total-ERK and (F) p-p38 MAPK/total-p38 MAPK ratios in WRO cells were

expressed as the relative variation vs. the basal levels of each single experiment.

“*P<0.001. VEGF, vascular endothelial growth factor; NRP-2, neuropilin-2;

MAPK, mitogen-activated protein kinase; ERK, extracellular signal-regulated kinase; p-, phosphorylated.

microscope (Nikon Corporation). All assays were performed
in triplicate.

Statistical analysis.Data were expressed as the mean + standard
deviation. Group comparisons were performed using analysis
of variance with Tukey's comparison test. All statistical anal-
ysis was performed using GraphPad Prism software (version 6;
GraphPad Software Inc., San Diego, CA, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

The VEGF-C/NRP-2 axis activates ERK and p38 MAPK
in thyroid cancer cells. In order to test the aforementioned
hypothesis, the present study first examined whether NRP-2
could be expressed in different types of human thyroid cancer
cells, including K1 (PTC) and WRO (FTC). As indicated in
Fig. 1, overexpressed NRP-2, which had a C-terminal Myc tag,
was detected as a single major band in the two thyroid cell
lines.

Next, to study the VEGF-C/NRP-2 axis in the two thyroid
cancer cells, NRP-2-overexpressing cells were treated with
exogenous recombinant human VEGF-C, and the activities
of p-ERK and p-p38 MAPK were evaluated. In both K1 and
WRO cells, when NRP-2 was overexpressed, an early and tran-
sient activation of p-ERK was observed following VEGF-C
induction (100 ng/ml), which peaked at 10 min [2.29-fold for
the K1 cells (Fig.1A and B) and 1.51-fold for the WRO cells
(Fig.1D and E)] and remained elevated at 60 min compared
with the levels displayed by the vector-only-transfected cells.
Similarly, VEGF-C strongly activated p-p38 MAPK, which

was maximal at 10 min (1.54-fold for WRO cells) and was
sustained for <60 min in the NRP-2-overexpressing WRO cells
(Fig.1D and F), while p-p38 MAPK was markedly activated at
60 min in the NRP-2-overexpressing K1 cells compared with
the levels detected in the vector only-transfected cells, which
were declining toward basal levels (Fig. 1A and C). Consistent
with previous studies reporting that NRP-2 functions as a
co-receptor for VEGF (8), the present data demonstrated that
the VEGF-C/NRP-2 axis is activated with differential kinetics
of kinase activation in the two types of human thyroid cancer
cells evaluated.

To further investigate the downstream pathways of the
VEGF-C/NRP-2 axis in thyroid cancer cells, PD98059,
a potent and selective inhibitor of MEK activation, and
SB203580, a selective and potent inhibitor of p38 MAPK (26),
were used in NRP-2-overexpressing cells (Fig. 2). As expected,
treatment with PD98059 (25 M) strongly abolished the
stimulated ERK-mediated activation of the VEGF-C/NRP-2
axis in K1 cells (Fig. 2A), but barely exerted any effect on
the activated p-p38 (Fig. 2A). However, neither PD98059 nor
SB203580 (10 M) produced any inhibition of ERK and p38
MAPK phosphorylation on the VEGF-C/NRP-2 axis in WRO
cells (Fig. 2B and D). Unexpectedly, SB203580 inhibited both
p38 MAPK and ERK phosphorylation on the VEGF-C/NRP-2
axis in K1 cells (Fig. 2C).

To ascertain the effect of p38 MAPK inhibitors on the
VEGEF-C/NRP-2 axis, another cell permeable inhibitor of p38
MAPK, SB202190 (26), was used in NRP-2-overexpressing
cells. Similarly, the phosphorylation levels of p38 MAPK
and ERK on the VEGF-C/NRP-2 axis were suppressed
by SB202190 (20 uM) in K1 cells (Fig. 2E), whereas the
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Figure 2. Effect of PD, SB and SB2 on the VEGF-C/NRP-2 axis.
NRP-2-overexpressing K1 and WRO cells were either pretreated with
(A and B) PD (25 pM), (C and D) SB (10 uM), (E and F) SB2 (20 uM)
or DMSO for 30 min, and then stimulated with VEGF-C (100 ng/ml) for
10 min. The levels of p-ERK and p-p38 MAPK were measured using
western blot analysis. An anti-Myc tag antibody was used to detect the
expression of NRP-2. Representative western blots from three independent
experiments are shown. VEGF, vascular endothelial growth factor; NRP-2,
neuropilin-2; MAPK, mitogen-activated protein kinase; ERK, extracellular
signal-regulated kinase; p-, phosphorylated; PD, PD98059; SB, SB203580;
SB2, SB202190; DMSO, dimethyl sulfoxide.

phosphorylation levels of p38 MAPK and ERK were not
affected by SB202190 in WRO cells (Fig. 2F).

Consistent with previous studies reporting that the activa-
tion of ERK is an important kinase cascade in the regulation
of VEGF-C signaling in cancer cells (27,28), the present
data suggest that the activation of the VEGF-C/NRP-2 axis
is mediated at least through the MEK/ERK and p38 MAPK
signaling cascades in K1 cells. Furthermore, since the present
results did not reveal significant differences in the treatment
of WRO cells with inhibitors, other signaling cascades may be
regulated by the VEGF-C/NRP-2 axis in WRO cells.

The VEGF-CINRP-2 axis promotes migration and invasion of
thyroid cancer cells. Wound-healing assay and in vitro invasion
assay were used to examine the role of the VEGF-C/NRP-2
axis on the migration and invasiveness of thyroid cancer
cells (Fig. 3). Treatment with VEGF-C significantly increased
the migratory activities (Fig. 3A and C) and invasiveness
(Fig. 3B and D) of the two NRP-2-overexpressing thyroid
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Figure 3. Effect of the inhibition of the VEGF-C/NRP-2 axis on the
metastasis of thyroid cancer cells. NRP-2-overexpressing (A and B) K1
and (C and D) WRO cells were treated with VEGF-C (100 ng/ml) plus or
minus PD98059, SB203580 or SB202190. Bar graphs represent the results
from (A and C) scratch wound-healing assay (as the mean + SD of the
relative percentages of the wounds gap width) and (B and D) invasion assay
(as the mean + SD of the relative percentages of invading cells) for each
treatment from three independent experiments. There was no significant
difference in the suppression of VEGF-C/NRP-2-mediated metastasis in
NRP-2-overexpressing WRO cells treated with inhibitors plus VEGF-C.
“P<0.05; “P<0.01; “"P<0.001. VEGF, vascular endothelial growth factor;
NRP-2, neuropilin-2; PD, PD98059; SB, SB203580; SB2, SB202190; DMSO,
dimethyl sulfoxide; SD, standard deviation.

cancer cells compared with vector-transfected cells (P<0.05).
In addition, overexpression of NRP-2 did not significantly
affect the migratory ability or invasiveness of the two thyroid
cells compared with the vector-transfected cells (Fig. 3). These
results indicate that the VEGF-C/NRP-2 axis can promote the
invasiveness and migratory ability of thyroid cancer cells.

In K1 cells, western blot analysis revealed that the
MEK/ERK and p38 MAPK signaling cascades were activated
by the VEGF-C/NRP-2 axis (Fig. 2A-C). Accordingly, the
invasive activities of NRP-2-overexpressing K1 cells were
significantly suppressed by PD98059, SB203580 and SB202190
(Fig. 3B). Together with the results mentioned above, the
present data suggest that the activation of the VEGF-C/NRP-2
axis is mediated at least through the MEK/ERK and p38
MAPK signaling cascades, and further regulates the invasive
activities of K1 cells. As for WRO cells, the present results
did not reveal significant differences in the treatment of cells
with MEK or p38 MAPK inhibitors following the activa-
tion of the VEGF-C/NRP-2 axis (Fig. 2D-F). As a result,
these inhibitors did not produce a significant inhibition of
the migratory activity (Fig. 3C) or invasiveness (Fig. 3D) of
NRP-2-overexpressing WRO cells, which provides additional
evidence that other signaling cascades may be regulated by the
VEGF-C/NRP-2 axis in WRO cells.

To further rule out the possibility that the effect of the
VEGF-C/NRP-2 axis on invasiveness was caused by different
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Figure 4. Effect of the VEGF-C/NRP-2 axis on cell proliferation of thyroid
cancer cells. NRP-2-overexpressing (A and B) K1 and (C and D) WRO cells
were treated with VEGF-C (100 ng/ml) plus or minus PD98059, SB203580
or SB202190 for (A and C) 8 h or (B and D) 24 h. Bar graphs represent the
mean =+ standard deviation of the relative percentages of cell proliferation
for each treatment from three independent experiments. No significant dif-
ferences were observed between the different treatments. VEGF, vascular
endothelial growth factor; NRP-2, neuropilin-2; MAPK, mitogen-activated
protein kinase; PD, PD98059; SB, SB203580; SB2, SB202190; DMSO,
dimethyl sulfoxide.

proliferation rates, the growth rates of the NRP-2-overex-
pressing cells were compared (Fig. 4). The control cells and
the NRP-2-overexpressing cells had similar growth rates after
8 (Fig.4A and C) and 24 h (Fig. 4B and D) in culture. Therefore,
these results indicate that the increased mobility of thyroid
cancer cells was due to the activation of the VEGF-C/NRP-2
axis. Taken together, these data strongly support the finding
that the VEGF-C/NRP-2 axis is actively involved in regulating
the mobility and invasiveness of thyroid cancer cells.

VEGF-C/NRP-2 axis-mediated migration and inva-
sion of thyroid cancer cells require NRP-2 signaling. To
evaluate more rigorously the role of NRP-2 in the invasive-
ness of thyroid cancer cells following the activation of the
VEGF-C/NRP-2 axis, an NRP-2 function-blocking antibody
was used to selectively block the binding of the VEGF family
ligands to NRP-2 (29,30). In NRP-2-overexpressing K1 cells,
the VEGF-C/NRP-2 axis became defective due to the reduc-
tion in ERK and p38 MAPK phosphorylation (Fig. 5A). Of
note, the phosphorylation levels of ERK and p38 MAPK
were significantly suppressed in the NRP-2-overexpressing
WRO cells (Fig. 5B). Additionally, treatment with the NRP-2
function-blocking antibody in NRP-2-overexpressing thyroid
cancer cells also strongly impaired VEGF-C/NRP-2-induced
migratory activity (Fig. 5C) and invasiveness (Fig. 5D). Taken
together, the present data suggest that the VEGF-C/NRP-2
axis is important in the invasiveness of thyroid cancer cells,
and that this axis critically requires NRP-2 for cell invasion.
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Figure 5. NRP-2 blocking signals suppress VEGF-C-induced metastasis.
NRP-2-overexpressing (A) K1 and (B) WRO cells were pretreated with
an NRP-2 function-blocking antibody (0.5 ug/ml) for 1.5 h, and then
stimulated with VEGF-C (100 ng/ml) for 10 min. The levels of extracellular
signal-regulated kinase and p38 mitogen-activated protein kinase phosphory-
lation were measured using western blot analysis. An anti-Myc tag antibody
was used to detect the expression of NRP-2. Representative western blots
from three independent experiments are shown. (C) Scratch wound-healing
assay and (D) invasion assay were performed to evaluate the effect of NRP-2
blocking signals on cell migration and invasion. Bar graphs represent the
mean =+ standard deviation of the relative percentages for each treatment from
three independent experiments. “P<0.01; ““P<0.001. VEGF, vascular endo-
thelial growth factor; NRP-2, neuropilin-2; MAPK, mitogen-activated protein
kinase; ERK, extracellular signal-regulated kinase; p-, phosphorylated; PD,
PD98059; SB, SB203580; SB2, SB202190; Ctrl, control; AB, antibody.

Discussion

As previously reported, regulation of tumor metastasis by
VEGF-C occurs by increasing the migratory ability of cancer
cells to lymph nodes (29). NRP-2 has been documented to be
a co-receptor for VEGF-C (8), and lymph node metastasis of
human PTC has been correlated to NRP-2 expression (12).
However, the roles of NRP-2 and its ligand, VEGF-C, in the
metastasis of thyroid cancer cells remain largely unknown. In
the present study, the activation of the VEGF-C/NRP-2 axis
was mediated at least through the MEK/ERK and p38 MAPK
signaling cascades, particularly in human PTC (K1) cells. The
migratory activity and invasiveness of thyroid cancer cells were
further upregulated by the activation of the VEGF-C/NRP-2
axis, and this cell invasion mediated by the VEGF-C/NRP-2
axis was observed to be NRP-2 dependent.

To the best of our knowledge, the present study is the only
detailed report on the effect of the VEGF-C/NRP-2 axis on the
migratory activities of follicular thyroid cell-derived tumors,
including PTC and FTC. The present report emphasizes that the
presence of VEGF-C has a complex association with clinico-
pathological factors such as NRP-2 in the metastasis of thyroid
cancer. Indeed, NRP-2 signaling has been reported to contribute
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to focal adhesion kinase (FAK)-mediated signaling cascade
activation, and is further involved in the initiation of tumori-
genesis (30). Inhibition of FAK activation also resulted in the
suppression of proliferation and migration of breast cancer cells
in vitro (31). These studies suggest that FAK activation may be
involved in the metastasis of thyroid cancer through the regula-
tion of the VEGF-C/NRP-2 axis. However, further experiments
are required to address this possibility.

Activation of nuclear factor-kB (NF-xB) has been demon-
strated to be involved in cell proliferation, resistance to
apoptosis, and promotion of tumor angiogenesis and metastasis,
including those reported in human FTC (32). In the present
study, neither MEK or p38 MAPK inhibitors exhibited a signifi-
cant inhibition of migratory activity and invasiveness in WRO
FTC cells. A possible explanation for this observation is that
the VEGF-C/NRP-2 axis activates not only the MEK/ERK and
p38 MAPK signaling cascades, but also the NF-kB signaling
cascade. Since NF-«xB activation was increased in VEGF or
NRP-mediated cell migration (33,34), whether activation of
NF-kB also contributes to VEGF-C/NRP-2 axis-mediated cell
migration requires further investigation.

The present study revealed that SB203580 and SB202190
inhibited both ERK and p38 MAPK phosphorylation on
the VEGF-C/NRP-2 axis in K1 cells. The proto-oncogene
c-Raf, an upstream serine/threonine kinase of the MEK/ERK
signaling cascade, was reported to be inhibited by SB203580
in vitro (35). Whether the activation of c-Raf is affected by
the VEGF-C/NRP-2 axis in thyroid cancer cells remains to be
determined.

Several studies have reported that the expression of VEGF-C
protein and its messenger RNA are correlated with metastasis
in PTC (18,19). These reports suggest that other factors are
likely to be involved in the regulation of VEGF-C-mediated
metastatic status of thyroid carcinomas. In the present study, it
was observed that NRP-2 was required for the VEGF-C/NRP-2
axis to promote cell migration and invasiveness of thyroid
cancer cells. In fact, NRP-2 expression was previously reported
to be correlated with VEGF expression and lymph node status
in PTC (20). Furthermore, the serum levels of VEGF factors
were reported to be promising diagnostic tools in patients with
lung cancer (36,37). These previous studies and the present find-
ings suggest that NRP-2 and VEGF-C may act as key analytic
markers for thyroid cancer metastases and prognosis. Future
experiments are required to evaluate the clinical application
of NRP-2 and VEGF-C expression in human thyroid cancer
specimens.
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