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Upregulation of sphingosine kinase 1 is associated with
recurrence and poor prognosis in papillary thyroid carcinoma
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Abstract. Sphingosine kinase 1 (SPHK1), an ATP-dependent
protein, has previously been demonstrated to be upregulated
in several types of human cancer and to play an important
role in tumor development and progression. However, the
role of SPHKI1 in predicting long-term prognosis in patients
with papillary thyroid carcinoma (PTC) remains unclear. The
purpose of the present study was to assess the significance
of SPHK1 expression and its associations with clinicopatho-
logical characteristics and prognostic outcome in patients with
PTC. Immunohistochemistry staining was retrospectively
performed to investigate the expression levels of SPHKI1 in
92 PTC tumors. Statistical analyses revealed that high levels
of SPHKI1 expression were associated with tumor size, lymph
node metastasis and the Tumor-Node-Metastasis stage. The
disease-free survival (DFS) time of patients that exhibited
high levels of SPHK1 expression was shorter, whereas patients
with lower levels of SPHK1 expression survived longer.
Furthermore, multivariate analysis suggested that upregulated
SPHK1 was an independent prognostic factor for predicting
DFS of patients with PTC. The results of the Cell Counting
Kit-8 and invasion assays demonstrated that SPHK1 overex-
pression significantly enhanced the proliferation and invasion
of a PTC cell line, consistent with clinical findings. The results
from the present study provide evidence that elevated expres-
sion levels of SPHK1 may be involved in the development and
progression of PTC, indicating that this protein may act as a
potential prognostic marker for patients with this disease.

Introduction
Thyroid cancer is the most common malignancy of the endo-

crine system and accounted for ~1% of all human malignancies
in 2006 worldwide (1). In numerous countries, the incidence of
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thyroid cancer has been increasing faster than that of any other
malignancy (2). According to a 2015 report by the American
Cancer Society, the probability of being diagnosed with thyroid
cancer has tripled over the last three decades, making it the
most increasingly prevalent cancer in the USA (3). Thyroid
cancer consists of the following four histological types:
Papillary, follicular, medullary and anaplastic thyroid carci-
noma. Different surgical techniques according to the tumor
stage and carcinoma type are the primary modes of therapy for
thyroid cancer. Papillary thyroid carcinoma (PTC) is the most
common pathological type of this cancer, accounting for ~80%
of all cases between 1980 and 2005 in the USA (4). Although
thyroidectomy combined with radioactive iodine treatment
and chemotherapy has achieved good clinical outcomes,
recurrence and metastasis are the main causes of mortality
in patients with thyroid cancer (5,6). It is common for PTC
to metastasize to the lymph nodes (LNs) of the neck, occur-
ring in up to 50% of cases (7,8). Therefore, identifying protein
markers that are associated with the recurrence, metastasis
and prognosis of thyroid carcinoma is particularly important
for clinical practice. Such newly discovered markers may also
promote the continuous development of efficient treatments for
thyroid carcinoma.

Sphingosine kinase (SPHK), an ATP-dependent protein,
is expressed in various organisms such as mammals, insects,
invertebrates, yeast strains and plants. In mammals, SPHK
has been identified to consist of two isozymes, SPHK1 and
SPHK?2. SPHKI1 catalyzes the phosphorylation of sphingosine
to produce sphingosine-1-phosphate (S1P), which is a potent
lipid mediator involved in a variety of physiological processes,
including angiogenesis, cell proliferation, apoptosis, motility
and migration (9). Ceramides and sphingosine, the metabolic
precursors of SIP, are known to possess regulatory functions
in cell apoptosis (10). Thus, the balance between these precur-
sors and S1P within the cell has been suggested to function as
a switch that drives the decision between cell proliferation and
death (11). However, the key regulator of this switch is SPHK1,
which converts sphingosine into prosurvival S1P. Previous
studies have demonstrated that the activity of SPHK1 is associ-
ated with anti-phagocytosis, cell transformation, proliferation
and the survival of tumor cells (12,13). In addition, SPHK1
mRNA is overexpressed in a number of types of solid tumor,
including those of the stomach, rectum, kidney, breast, colon,
ovary, uterus and lung (14). Other studies have demonstrated
that high expression levels of SPHKI1 in breast cancer and
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glioblastoma are associated with poor patient prognosis,
suggesting that SPHK1 functions as a promoter of cancer in
human tumors (15,16). Furthermore, it has been reported that
high levels of SPHK1 expression were associated with clinical
stages, locoregional recurrence and distant metastasis of
nasopharyngeal carcinoma (17). Therefore, SPHK1 may serve
distinct roles in different tumor types.

However, to the best of our knowledge, few comprehen-
sive studies exist that have investigated the expression and
significance of SPHK1 with respect to the long-term prognosis
of patients with thyroid carcinoma. To date, whether SPHK1
is involved in the recurrence of thyroid carcinoma remains
unknown. Therefore, the aim of the present study was to inves-
tigate the expression of SPHK1 in human PTC tissue samples
using immunohistochemistry (IHC), and its association with
clinical characteristics and pathological parameters. In addi-
tion, the effect of SPHK1 positivity on the recurrence and
prognosis of patients with PTC was investigated, assessing its
effectiveness as a potential novel prognostic molecular marker
for the management of PTC in the clinical setting.

Materials and methods

Tissue specimens. The protocol and tissue specimen collection
from human participants for the present study was approved
by the Medical Institutional and Clinical Research Ethics
Committee of Cangzhou Central Hospital (Cangzhou, China).
Formalin-fixed paraffin-embedded tissue microarrays
consisting of 92 samples of PTC were used in this study. The
tissue specimens were collected during thyroidectomies from
Cangzhou Central Hospital, and the tissue microarrays with
these specimens were produced by the Alenabio and Shrbio
Biological Technology companies. The patients included
in the study met the following criteria: i) Histopathologic
diagnosis of PTC; ii) complete clinical data; and iii) patients
underwent a total or near-total thyroidectomy for PTC. Written
informed consent was previously obtained from the 92 patients
diagnosed with PTC who received surgical treatment. Patients
who had received radiotherapy or neoadjuvant therapy prior
to the surgery were excluded from the study. All patients were
followed up, and their clinicopathological parameters and
survival times were obtained. The follow-up was conducted
primarily via outpatient reviews, telephone, mail and home
visit for at least 120 months.

The PTC tumors were staged based on the current
Tumor-Node-Metastasis (TNM) classification system (18),
and the patients underwent post-operative radioactive iodine
ablation, according to the guidelines of the American Thyroid
Association (19). Clinical data, including sex, age, tumor
size, thyroid capsular invasion (TCI), extrathyroidal exten-
sion (ETE), histological type, LN status, distant metastasis,
vascular invasion and recurrence state, were retrieved for all
patients, as were complete follow-up details.

IHC. PTC tissue microarray slides were deparaffinized
in xylene and rehydrated with 70, 80, 90 and 100% graded
ethanol solutions, and then, the endogenous peroxidase
activity was inhibited by a 0.3% hydrogen peroxide solution.
The sections were immersed in sodium citrate buffer (10 mM
sodium citrate; 0.05% Tween-20; pH 6.0) at 105°C for the
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antigen retrieval. The sections were then incubated with
5% goat serum (Solarbio Biotechnology, Inc.) to block the
non-specific background peroxidase activity at room tempera-
ture for 10 min. Subsequently, the slides were incubated with a
rabbit polyclonal anti-human SPHK1 primary antibody (1:100;
cat. no. ab71700; Abcam) at 4°C overnight. The sections were
then incubated with goat anti-rabbit secondary antibody
(1:1,000; cat. no. ab7090; Abcam) at 37°C for 15 min, and
the results were visualized using a diaminobenzidine tetra-
hydrochloride detection kit (Santa Cruz Biotechnology, Inc.)
according to the manufacturer's protocol. Finally, the sections
were rinsed for 5 min in PBS, counterstained with 2.5% hema-
toxylin for 5 min at room temperature and rinsed again with
tap water. For negative controls, the antibody was replaced
by PBS. Images were captured with an Olympus BX42 light
microscope (Olympus Corporation; magnification, x40).

Evaluation of staining. IHC was performed as aforemen-
tioned (20). A total of five high-power fields of view of the
tumor sections were randomly selected, and 500 cells in each
field were counted to determine the labeling index, which
represents the estimated percentage of positive cells relative to
the total cells. Sections with <5% labeled cells were scored as
0; sections with 5-30% labeled cells were scored as 1; 31-70%
labeled cells were scored as 2; and sections with =71% labeled
cells were scored as 3. Staining intensity was evaluated simi-
larly, with a score of O for negative staining; 1 for weak positive;
2 for moderate positive; and 3 for strong positive staining. The
scores of the percentage and intensity were added, and final
scores of 0-1 indicated negative expression (-), 2-3 indicated
weak expression (+), 4-5 indicated moderate expression (++)
and 6 indicated strong expression (+++). The sections were
evaluated by two pathologists from Cangzhou Central Hospital
blinded to the study. For the statistical analysis, staining was
classified into high-(score, 4-6) and low-(score, 0-3) expression
groups.

Cell culture and transfection. The human PTC TPC-1 cell line
was purchased from the Cell Bank of the Chinese Academy of
Science. The TPC-1 cells were cultured in Dulbecco's modi-
fied Eagle's medium (DMEM; Hyclone; GE Healthcare Life
Sciences) supplemented with 10% fetal bovine serum (FBS)
(Gibco; Thermo Fisher Scientific, Inc.), and were maintained in
an incubator at 37°C with a humidified atmosphere containing
5% CO,.

For overexpression of the SPHK1 gene, pcDNA3.1
vector was purchased from Thermo Fisher Scientific
(cat. no. V79020) and pcDNA3.1-SphK1 was purchased from
Shanghai GenePharma Co., Ltd. The pcDNA3.1-SPHK1
plasmid was constructed as previously described (21). The
empty vector pcDNA3.1 plasmid was transfected into the cells
as a negative control. The PTC TPC-1 cells were seeded in
6-well plates at density of 5x10* cells per well. The cells were
transfected with the pcDNA3.1-SPHK1 plasmid once they had
reached ~80% confluence. To transfect the cells, 2 ug plasmid
and 6 ul Lipofectamine® 3000 solution (Invitrogen; Thermo
Fisher Scientific, Inc.) were briefly mixed and incubated with
the cells for 5 min at room temperature. The overexpres-
sion experiment was conducted in OptiMEM (Invitrogen)
for 48 h at 37°C and 2 ml DMEM was then added to the
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cell culture. The transfection efficiency was confirmed by
western blotting.

For SPHK1 knockdown, small interfering RNA (siRNA)
targeting SPHK1 and negative control scrambled siRNA were
designed and synthesized by Guangzhou RiboBio Co., Ltd.
(SPHK1-siRNA, forward, 5-GGGCAAGGCCUUGCAGCU
Cd(TT)-3' and reverse, 5'-GAGCUGCAAGGCCUUGCC
Cd(TT)-3"; and scrambled siRNA, forward, 5'-UUCUCCGAA
CGUGUCACGUA(TT)-3' and reverse, 5'-ACGUGACACGUU
CGGAGAAA(TT)-3"). The TPC-1 cells were seeded on 6-well
plates at an initial density of 5x10* cells per well and were
then transfected using 50 nM Lipofectamine® RNAIMAX
(Invitrogen; Thermo Fisher Scientific, Inc.) reagent for 5 min
at room temperature, according to the manufacturer's protocol.
The concentration of siRNA duplexes was 100 nmol/l. The
cells were cultured in OptiMEM (Invitrogen) for 24 h at 37°C
and 2 ml DMEM was then added to the cell culture. The trans-
fection efficiency was confirmed with western blotting.

Western blotting. To detect protein expression, TPC-1 cells
that had been transfected for 24 h were washed in PBS and
lysed with radioimmunoprecipitation assay buffer (50 mM
TrisHCI pH 7.4; 150 mM NaCl; 2 mM EDTA; 1% NP-40;
0.1% SDS). The protein concentrations were determined
using a bicinchoninic acid protein quantitation assay kit
(Beyotime Institute of Biotechnology). Protein (20 ug)
were separated by 10% SDS-PAGE and transferred onto a
PVDF nylon membrane (Merck KGaA) at 4°C. Membranes
were blocked for 30 min in 5% non-fat powdered milk at
room temperature. After washing with TBS/Tween-20
(TBST) three times for 5 min each, the membranes were
incubated with the anti-SPHK1 primary antibody (1:100;
cat. no. ab71700; Abcam) for 8 h at 4°C. The membranes
were then washed three times with TBST for 10 min each to
remove free primary antibody. Mouse anti-GAPDH antibody
(1:1,000 dilution; cat. no. ab8245; Abcam) was used as the
loading control. After further washing, the membranes were
incubated in a horseradish peroxidase-conjugated anti-rabbit
IgG secondary antibody (1:1,000; cat. no. sc2004; Santa Cruz
Biotechnology, Inc.) solution for 1 h at room temperature.
All blots were visualized using an enhanced chemilumines-
cence solution (Merck KGaA) and analyzed using Quantity
One Protein Analysis software version 4.6.7 (Bio-Rad
Laboratories, Inc.).

Proliferation and invasion assay. Cell proliferation
was assessed using a Cell Counting Kit-8 (CCK-8§;
MedChemExpress) according to the manufacturer's protocol.
Briefly, the TPC-1 cells were seeded into 96-well plates at a
density of 1x10° cells per well (200 pl per well). Transfected
TPC-1 cells were cultured for 24 h and used for proliferation
assay. In order to detect the relative cell proliferation rate,
CCK-8 reagent was added to the medium and incubated for
3 hat37°C in 5% CO,. Then, a microplate reader was utilized
to measure the absorbance at 450 nm. Each experiment was
performed at least three times.

Transwell inserts were used to assess the cell invasion
ability. The extent of cell invasion was assessed using a BD
BioCoat™ Matrigel™ invasion chamber with 8-ym pores
(BD Biosciences), according to the manufacturer's protocol.
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In brief, for the invasion assay, 3x10* transfected cells in
200 ul serum-free DMEM were seeded in the upper cham-
bers of Matrigel-coated Transwell plates. Complete DMEM
containing 10% FBS was added to the lower chambers. The
Transwell chambers were then incubated at 37°C for 48 h. The
upper chamber was washed with PBS and cells were fixed with
pure methanol for 15 min at room temperature. Subsequently,
the cells were stained with 0.1% crystal violet for 30 min at
room temperature. The stained cells were viewed under a light
microscope (magnification, x40), images were captured and
the cell number was counted in five random sights.

Colony-formation assay. Cells in the logarithmic growth phase
(1x10? cells/well) were plated into 6-well plates. Transfected
TPC-1 cells were culture for 24 h before colony-formation
assay. Following incubation in DMEM with 10% FBS at 37°C
for 2 weeks, the cells were washed with PBS and fixed with
pure methanol for 30 min at room temperature, and colonies
were stained with 0.1% crystal violet at room temperature for
10 min. Images were captured with an Olympus BX42 light
microscope (magnification, x40). The number of clones (=50
cells were considered to be a colony) was recorded using
Image J software version 1.4 (National Institutes of Health).

Statistical analysis. Statistical analysis was performed using
the SPSS statistical software package (version 20.0; IBM
Corp.). The SPHK1 protein relative expression levels, PTC cell
proliferation rate, invasion cell numbers and colony numbers
were analyzed using a one-way ANOVA followed by a
Fisher's least significant difference post-hoc test. A x> test was
performed to analyze the association between SPHK1 expres-
sion and the clinicopathological characteristics of patients.
Univariate and multivariate regression analysis was performed
using the Cox proportional hazards regression model to deter-
mine the effects of potential risk factors on survival. Survival
analysis was carried out using the Kaplan-Meier method and
tested with the log-rank test. P<0.05 was considered to indicate
a statistically significant difference.

Results

Patient characteristics. The present study included samples
from 92 patients with PTC. A total of 66 patients (71.7%)
were female, and the mean age of the cohort was 49.2 years
(range, 19-77 years). The characteristics of the patients
are presented in Table I. A total of 53 patients (57.6%) had
tumors <2 cm in diameter, and the mean tumor size was
1.9 cm (range, 0.1-4.4 cm). More patients presented without
TCI than with it (69.6% vs. 30.4%) and nearly half presented
with ETE (48.9%). Regional LN metastasis was reported
as absent in the majority of patients (73.9%; 68/92). A total
of 65 individuals were diagnosed with stage I-11 (70.7%),
and 27 (29.3%) with more advanced stages of the disease.
The proportions of patients positive for distant metastasis,
vascular invasion and recurrence were 13.0, 28.3 and 14.1%,
respectively.

Association between SPHK1 expression and clinicopatho-
logical characteristics. The present study aimed to determine
the expression patterns of this protein in PTC tumors. First,
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Table I. Characteristics of the patients with papillary thyroid carcinoma and associations with high (n=35) and low (n=57)

SPHK1 expression level.

SPHK1 expression

Variable Cases, n (%) Low, n (%) High, n (%) P-value

Age, years 0.262
<46 41 (44.6) 28 (49.1) 13 (37.1)
>46 51(554) 29 (50.9) 22 (62.9)

Sex 0.138
Male 26 (28.3) 13 (22.8) 13 (37.1)
Female 66 (71.7) 44 (77.2) 22 (62.9)

Tumor size, cm 0.001
<2 53 (57.6) 47 (82.5) 6(17.1)
>2 38 (41.3) 10 (17.5) 29 (82.9)

TCI 0.118
Negative 64 (69.6) 43 (75.4) 21 (60.0)
Positive 28 (30.4) 14 (24.6) 14 (40.0)

ETE 0.096
Negative 47 (51.1) 33 (57.9) 14 (40.0)
Positive 45 (48.9) 24 (42.1) 21 (60.0)

LN metastasis 0.004
Negative 68 (73.9) 48 (84.2) 20 (57.1)
Positive 24 (26.1) 9(15.8) 15 (42.9)

Distant metastasis 0.005
Negative 80 (87.0) 54 (94.7) 26 (74.3)
Positive 12 (13.0) 3(5.3) 9(25.7)

TNM stage 0.001
I-11 65 (70.7) 48 (84.2) 17 (48.6)
II-1v 27 (29.3) 9 (15.8) 18 (51.4)

Vascular invasion 0.001
Negative 66 (71.7) 49 (86.0) 17 (48.6)
Positive 26 (28.3) 8 (14.0) 18 (51.4)

Recurrence 0.012
None 79 (85.9) 53 (93.0) 26 (74.3)
Local and distant 13 (14.1) 4(7.0) 9(25.7)

SPHK1, sphingosine kinase 1; TCI, thyroid carcinoma invasion; ETE, extrathyroidal extension; LN, lymph node; TNM, Tumor-Node-Metastasis.

the protein expression levels of SPHK1 in PTC tissues were
assessed using IHC on tissue microarrays that comprised of
a total of 92 clinical samples. Representative IHC images
exhibiting weak or strong staining for SPHK1 are presented
in Fig. 1. SPHKI1 protein was predominantly detected in the
cytoplasm of tumor cells.

According to the percentage of positively stained cells and
the staining intensity of the PTC sections, the samples were
classified into low- and high-expression groups (Table I). The
y* test was used to analyze the association between the char-
acteristics of the patients with PTC and SPHK1 expression.
Increased SPHK1 expression in PTC tissue was revealed to be
significantly associated with tumor size, LN metastasis, TNM
stage, distant metastasis, vascular invasion and recurrence
(all P<0.05). However, no association was observed between

SPHKI1 expression and age, sex, TCI or ETE occurrence
(all P>0.05).

SPHKI expression is associated with the prognosis of
patients with PTC. Since high expression levels of SPHK1
were associated with larger tumor size and advanced TNM
stage, it was hypothesized that this may play an important
role in predicting the clinical outcome of patients with PTC.
Therefore, the association between disease-free survival
(DFS) time of patients and SPHK1 expression was analyzed
using Kaplan-Meier analysis and the log-rank test. The results
revealed that the patients that exhibited high SPHK1 expres-
sion levels had significantly shorter DFS times than those
with low expression (mean DFS time, 80.3+6.9 months vs.
103.9+£3.7, P=0.003; Fig. 2H). The prognostic value of the
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Figure 1. Representative images of human PTC tissue samples stained for SPHK1 by immunohystochemistry. (A) Low and (B) high expression of SPHK1
protein in papillary thyroid carcinoma cells, particularly in the cytoplasm. Magnification, x100. Scale bar, 100 gm. SPHK1, sphingosine kinase 1.
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Figure 2. Kaplan-Meier curves for disease-free survival in patients with papillary thyroid carcinoma. (A) Age; (B) gender; (C) TCI; (D) ETE; (E) tumor
size; (F) lymph node metastasis; (G) TNM state; (H) SPHK1 expression; (I) distant metastasis; (J) vascular invasion; (K) recurrence. Statistical significance
was tested using the log-rank test. TCI, thyroid capsular invasion; ETE, extrathyroidal extension; TNM, Tumor-Node-Metastasis; SPHK1, sphingosine
kinase 1.

other clinical characteristics were also analyzed. A tumor size ~ (P=0.044; Fig. 2I), vascular invasion (P=0.013; Fig. 2J) and
of =2 cm (P=0.009; Fig. 2E), LN metastasis (P=0.017; Fig. 2F),  recurrence (P=0.003; Fig. 2K) were all revealed to be unfavor-
advanced TNM stage (P=0.006; Fig. 2G), distant metastasis  able prognostic factors. However, no significant association
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Table II. Univariate and multivariate Cox regression analyses of disease-free survival in patients with papillary thyroid carcinoma.

Univariate analysis

Multivariate analysis

Characteristic HR 95% CI P-value HR 95% CI P-value
Age (<46 years vs. >46 years) 0.868 0.487-1.302 0441 - - -
Sex (male vs. female) 0.770 0.369-1.227 0.335 - - -
TCI (positive vs. negative) 1.562 0.937-2.210 0.148 - - -
ETE (positive vs. negative) 1.173 0.775-1.650 0.292 - - -
LN metastasis (positive vs. negative) 1.631 0.880-2.936 0.351 - - -
Tumor size (>2 cm vs. <2 cm) 4.148 2.134-6.279 0.002 2.568 1.224-5.387 0.013
TNM stage (I-II vs. II-1V) 3.539 1.763-5.195 0.003 2493 1.382-4.330 0.010
Distant metastasis (positive vs. negative) 2.448 1.639-3.760 0.013 1.636 1.275-2.994 0.037
Vascular invasion (positive vs. negative) 2918 1.720-4.889 0.001 2.330 1.378-4.195 0.008
Recurrence (local and distant vs. none) 2.483 1.704-3.955 0.005 1.878 1.135-3.014 0012
SPHK1 (high vs. low) 4.980 2.156-9.562 0.001 3.649 1.584-7.371 0.004

HR, hazard ratio; CI, confidence interval; TCI, thyroid carcinoma invasion; ETE, extrathyroidal extension; LN, lymph node;

TNM, Tumor-Node-Metastasis; SPHK1, sphingosine kinase 1.

was observed between prognosis and age, sex, TCI or ETE
status (all P>0.05; Fig. 2A-D).

Subsequently, the independent hazard effect of each factor
was identified using a univariate and multivariate Cox regres-
sion analysis model (Table II). Univariate Cox regression
analysis indicated that tumor size, TNM stage, distant metas-
tasis, vascular invasion, recurrence state and SPHK 1 expression
were significantly associated with disease-free survival time of
patients with PTC (P<0.05; Table II). Furthermore, the multi-
variate Cox regression analysis demonstrated that tumor size,
TNM stage, distant metastasis, vascular invasion, recurrence
state and SPHK1 expression were all independent prognostic
factors for these patients (all P<0.05; Table II).

SPHK]1 directly promotes PTC cell proliferation and invasion.
In order to investigate the role of SPHK1 in PTC cell prolifera-
tion and invasion, SPHK1 was overexpressed and downregulated
in TPC-1 cells using the pcDNA3.1-SPHK1 plasmid and
SPHK1-siRNA transfection. As presented in Fig. 3A-C, the
protein level of SPHK1 was significantly higher in TPC-1 cells
transfected with the overexpression plasmid compared with the
corresponding empty vector-transfected TPC-1 cells (control),
and significantly lower in the cells transfected with the siRNA
compared with those transfected with the scrambled siRNA
control. A CCK-8 assay was performed to test cell prolifera-
tion, which demonstrated a significantly enhanced proliferation
pattern in SPHK1 overexpressing cells (Fig. 3D). In contrast,
TPC-1 cells transfected with SPHK1 siRNA exhibited a strong
decrease in cell viability (Fig. 3E). In addition, cell invasion
was evaluated using the Transwell Matrigel invasion assay
in vitro. Overexpression of SPHK1 significantly increased the
invasiveness of TPC-1 cells by ~2.9 times more than the control
group. Cells with SPHK1 inhibition exhibited a 53% decrease
in invasion capacity (Fig. 3F-H). Finally, colony-formation
assays were also used to investigate the role of SPHK1 in TPC-1
cell survival. Fig. 3I-K demonstrate that the ability of TPC-1
cells to form colonies was significantly altered in cells with

overexpressed or silenced SPHK1. Colony-formation number
increased significantly in TPC-1 cells overexpressing SPHK1
compared with the empty vector control group, and decreased
significantly on the knockdown of SPHKI.

Discussion

Thyroid cancer is one of the most common endocrine tumors
diagnosed worldwide, with an estimated annual incidence of
12.2 cases per 100,000 individuals in the USA (22). PTC is the
most common pathological type of thyroid carcinoma, and is
generally characterized by an improved prognosis compared
with other subtypes of thyroid carcinoma; however, the recur-
rence rate of PTC following the initial surgical treatment has
been reported to vary by 8-23% (23,24). Therefore, inves-
tigating the underlying molecular mechanisms and various
clinical factors associated with recurrence is essential in order
to develop more effective diagnosis and treatment strate-
gies for PTC. Cumulative data have revealed that SPHK1 is
involved in cell proliferation, cell survival and tumorigenesis,
and that it acts as a predictor of unfavorable prognosis in breast
and colorectal cancers (16,25). However, little is known about
its role in the pathophysiology and clinical practice of PTC.
In the present study, SPHK1 expression levels in human PTC
tissue were investigated, in addition to its association with
clinico- and histopathological features. The role of SPHK1 in
the proliferation and invasion of PTC cells was also identified.

SPHK1 has previously been demonstrated to be upregu-
lated in prostate and kidney cancers (12,26). Consistent
with these previous reports, the data from the present study
demonstrated that SPHK1 was upregulated in 38% of the
participating patients with PTC, according to tissue microar-
rays, and that it was significantly associated with tumor size,
LN metastasis and TNM stage. Furthermore, multivariate
analyses of DFS revealed that high SPHK1 expression levels,
a large tumor size and an advanced TNM stage were inde-
pendent predictive risk factors for DFS, indicating a higher
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Figure 3. SPHKI1 promotes PTC cell proliferation and invasion. (A) The pcDNA3.1-SPHK1 overexpression plasmid and SPHK1-siRNA were transfected into
TPC-1 cells, and a western blot assay was performed 24 h after transfection. Quantification of the relative levels of SPHK1 protein detected in the western blot

assay of the cells transfected with (B) overexpression plasmin and (C) siRNA

. A Cell Counting Kit-8 assay was performed to evaluate the effect of SPHK1

on the proliferation of TPC-1 cells transfected with (D) overexpression plasmin and (E) siRNA at the indicated time points. (F) Representative images of the
Matrigel invasion assay. Quantification of the Matrigel invasion assay results from TPC-1 cells transfected with. Magnification, x40, Scale bars=50 ym. (G) the
pcDNA3.1-SPHK1 plasmid or (H) SPHK1-siRNA. (I-K) (I) Representative images of the colony-formation assay, and quantification of colonies TPC-1 cells
transfected with (J) the pcDNA3.1-SPHK 1 plasmid or (K) SPHK1-siRNA. Magnification, x40. "P<0.05. SPHK 1, sphingosine kinase 1; PTC, papillary thyroid

carcinoma; siRNA, small interfering RNA.

disease recurrence risk. These results suggest that SPHK1
plays tumor-promoting roles in PTC. A previous study demon-
strated that SPHK1 is capable of promoting cell invasion and
proliferation in human hepatocellular carcinoma (27). Other
in vivo studies have also confirmed that SPHK1 is involved in
increasing sacral chordoma and esophageal carcinoma rapid
cell growth in addition to spontaneous metastasis (28,29).
Consistent with these results, the present study demonstrated
that heterogenous overexpression of SPHK1 could enhance
cell proliferation and invasion processes, while SPHK1
silencing impaired cell viability and invasion. These results

provide new direction for drug discovery and tumor clinical
therapy.

SPHKI1 can be activated by a variety of growth factors,
cytokines and mitogens, such as platelet-derived growth factor
(PDGF), tumor necrosis factor-a, and vascular endothelial
growth factor (VEGF) (30,31). Pitson et al (32) reported that
the phosphorylation of SPHK1 and its translocation from
the cytoplasm to the cell membrane may be the key process
responsible for inducing the malignant phenotype of cells.
This process not only promotes the proliferation of malig-
nant cells, but also protects the apoptotic pathway from being
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destroyed, thereby producing carcinogenic effects. Altering
the subcellular location of SPHK1 exerts marked effects
on cell function, with cell membrane-translocated SPHK1
exhibiting a potent inhibitory effect on the G,-S phase transi-
tion in 3T3-L1 fibroblasts, suggesting that the localization of
SPHKI1 in cells may have an effect on tumor cell apoptosis.
Ogretmen (33) determined the metabolism of ceramide for
S1P biosynthesis, which is mediated by SPHK1 and -2, and
its role in influencing cancer cell growth, drug resistance and
tumor metastasis through S1PR-dependent or receptor-inde-
pendent signaling. In the present study, it was observed that
overexpression of SPHK1 promotes the malignant biological
behavior of TPC-1 cells. Recently, increasing evidence
has indicated that SPHKI1 acts as an enzyme involved in
carcinogenesis (34,35). The potential underlying molecular
mechanisms of SPHK1 in the pathogenesis of PTC may
include its enzymatic activity of upregulating S1P. S1P, a
bioactive lipid, potentially contributes to tumorigenesis. S1P
can bind to a family of G protein-coupled receptors (S1PRs)
to induce cellular responses such as the survival, prolifera-
tion, apoptosis and migration of cancer cells (35).

SPHK1 overexpression functions as a prognostic marker
for judging the survival time of patients with different types
of cancer (36). However, the roles of SPHK1 have not been
extensively investigated, particularly in the long-term DFS
time of patients with PTC. To this effect, the present study
investigated the associations between SPHKI1 expression
levels and the clinical characteristics of patients with PTC, and
the results revealed a significant association between SPHK1
expression and tumor size, clinical stage and LN metastasis.
Notably, there was a significant association between a shorter
DFS time of patients with PTC and high SPHK1 expression,
suggesting that SPHK1 may be a useful prognostic marker for
patients with PTC. The prognostic role of SPHK1 has also
been revealed in numerous types of cancer, including astrocy-
toma, breast cancer and gastric cancer, suggesting that patients
with low levels of SPHK1 expression have longer overall
survival time, while those with higher SPHK1 expression
levels survived for shorter durations (16,37,38). In addition,
Rosa et al (39) reported that SPHK1 overexpression contrib-
utes to cetuximab resistance in human colorectal cancer
models. Furthermore, multivariate analysis of the results from
the present study confirmed that SPHK1 expression was an
independent factor for predicting DFS of patients with PTC.
Consistent with the observations in the present study, addi-
tional studies demonstrated that SPHK1 upregulation was an
independent prognostic factor for nasopharyngeal carcinoma,
salivary gland carcinoma, breast cancer and hepatocellular
carcinoma (16,17,40). However, the present study had certain
limitations, including a lack of an intensive investigation of the
molecular mechanisms underlying the associations between
SPHK1 expression and tumor occurrence and metastasis in
patients with PTC. Another limitation of the present study
is the lack of investigation of S1P, which is released by
SPHKI1 activity and binds to SIP receptors, which has been
demonstrated to participate in the epithelial-to-mesenchymal
transition of a number of different types of tumor (41). Future
studies must elucidate the potential molecular mechanisms
underlying SPHK1 in PTC, using a much larger sample size
and longer follow-up times.

5381

In summary, the present study demonstrated that
increased SPHK1 expression levels were significantly asso-
ciated with the progression and poor prognosis of patients
with PTC, indicating that SPHK1 may represent a novel and
valuable predictor for the prognosis of patients with PTC. In
addition, the present study demonstrated that overexpression
of SPHK1 with the pcDNA3.1-SPHK1 plasmid results in the
enhanced malignant behavior of PTC cells in vitro. Further
studies on the possible molecular mechanisms of SPHK1
participation in PTC tumor progression may ultimately lead
to the development of a new potent anti-PTC strategy.
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