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SphK1 promotes tumor cell migration and invasion in colorectal
cancer
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Abstract Colorectal cancer (CRC) is one of the most com-
mon cancers worldwide. Sphingosine kinase 1 (SphK1),
which phosphorylates sphingosine to sphingosine-1-
phosphate (S1P), is overexpressed in various types of cancers
and may act as an oncogene in tumorigenesis. However, little
is known about the role of SphK1 in CRC patients. We studied
the expression of SphK1 in 85 cases of CRC tissues by im-
munohistochemistry, qRT-PCR, and western blot. We also
evaluated the effect of SphK1 on cell proliferation and inva-
sion by MTT and transwell invasion assay. SphK1 is
overexpressed in CRC tissues and cell lines, and upregulation
of SphK1 correlated significantly with the following parame-
ters: lymph node metastasis, liver metastasis, and advanced
TNM stage. SphK1 knockdown results in inhibition of cancer
cell proliferation. Inhibition of CRC cell migration and inva-
sion is also evident through reversal of EMT by increases in E-
cadherin expression and decreases in vimentin expression. In
conclusion, SphK1 is associated with the proliferation and
invasiveness of CRC cells and the SphK1 gene may contrib-
ute to a novel therapeutic approach against CRC.
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Colorectal cancer (CRC) is the third common form of cancer
in males and the second in females; it also remains the third
leading cause of cancer-related death [1]. The development of
CRC is a complex process determined by many factors which
promoted tumor progression. In its early stages, CRC is cur-
able by radical surgical and adjuvant therapies. Nevertheless,
treatment in many patients is often precluded by metastasis,
and the overall survival rate remains unfavorable [2–4].
Therefore, it is of urgent need to elucidate the potential mech-
anism that mediates the initiation and progression of CRC for
this disease diagnosis and treatment.

Sphingosine kinase 1 (SphK1) is a lipid kinase that con-
verts sphingosine to sphingosine-1-phosphate (S1P) by phos-
phorylation [5–8]. High SphK1 expression has been associat-
ed with a wide range of cellular processes in a variety of
cancer cells. However, little is known about the molecular
significance of SphK1 in CRC. In this study, we demonstrated
that SphK1 expression is upregulated in CRC. Inhibition of
SphK1 supresses CRC cell proliferation, migration, and inva-
sion in vitro, indicating that SphK1 may serve as a novel
therapeutic target for CRC.

Materials and methods

Tissue samples

A total of 85 CRC tissue sections and adjacent tissues of
cancer were collected from the first Affiliated Hospital of
Sun Yat-Sen University. The clinicopathologic characteristics
of the CRC patients were recorded. All tissue sections were
confirmed by the original histopathological and clinical diag-
nosis. None of our study patients had received preoperative
chemotherapy and/or radiotherapy. All these samples were
formalin-fixed and paraffin-embedded. Besides, freshly
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frozen tissue samples were available and snap-frozen in liquid
nitrogen immediately after surgery and stored at −80 °C until
use. This study was approved by the legislation and ethical
boards of the first Affiliated Hospital of Sun Yat-Sen
University. All subjects or their caregivers have written in-
formed consent.

Cell culture and transfection

Human colorectal cancer cell lines HCT116, SW480, SW620,
LoVo, CaCo-2, and HT-29 were purchased from the American
Type Culture Collection (Manassas, VA, USA). SW620 and
SW480 were cultured by Leibovitz’s L-15 supplemented with
10 % fetal bovine serum (FBS) (Sigma-Aldrich, St Louis,
MO, USA); Caco-2 and HT-29 were maintained in
RPMI1640 with 10 % FBS, and LoVo was cultured by
F-12K with 10 % FBS.

At the time of transfection, cells were seeded on six-well
plates at 2×105 cells per well. Small interfering RNA (siRNA)
was used to knock down endogenous SphK1 gene expression
in CRC cells. Cells were transfected with SphK1-specific
siRNA or negative control siRNA (Qiagen, Valencia, CA,
USA) using Lipofectamine™ 2000 (Invitrogen, Carlsbad,
CA, USA) for 48 h. SphK1 knockdown (SphK1-KO) was
checked by RT-PCR and western blotting.

Immunohistochemistry

Paraffin sections from clinical specimens were deparaffinized
in xylene and rehydrated in a descending ethanol series (100,
95, 90, 80, and 70 % ethanol) and double-distilled water ac-
cording to standard protocols. Endogenous peroxidase activi-
ty was blocked with 0.3 % hydrogen peroxide for 10 min.
After antigen retrieval by microwaving, the sections were in-
cubated with SphK1 antibody (Abcam, dilution 1:200) over-
night at 4 °C. After phosphate-buffered saline washing, the
tissue sections were incubated with the biotinylated secondary
antibody and streptavidin-horseradish peroxidase complex,
each for 20 min at room temperature. Diaminobenzidine was

used as the chromogen, and tissue sections were counter-
stained with hematoxylin and then viewed under a bright-
field microscope. Samples incubated with PBS instead of the
primary antibody served as negative controls.

Evaluation of staining

The stained slides were evaluated independently by two in-
vestigators who were unaware of the clinical parameters.
Breast tissue was used a positive control for SphK1.
Semiquantitative scoring of intensity (0, no staining; 1, weak
staining; 2, strong staining) and fraction of positive cancer
cells (0, no staining; 1, less than half; 2, more than half) was
undertaken [9]. Combining intensity and percentage staining
resulted in the final staining score (0–6). Final staining scores
of 0–3 and 4–6 were, respectively, considered to be low and
high expressions.

Real-time reverse transcription PCR

Expressions of SphK1 in CRC tissues and paired adjacent
normal tissues were detected. Total RNA was prepared by
Qiazol extraction (Qiagen) and reverse-transcribed into
cDNA with the Transcriptor cDNA Synthesis System
(Roche, Indianapolis, IN, USA). Real-time qPCR was per-
formed with SYBR Green Master mix system (Roche). The
primers were as follows: for human SphK1, forward 5′-
CTTGCAGCTCTTCCGGAGTC-3 ′ and reverse 5 ′-
GCTCAGTGAGCATCAGCGTG-3′; for human GAPDH,
forward 5′-GACTCATGACCACAGTCCATGC-3′ and re-
verse 5′-AGAGGCAGGGATGATGTTCTG-3′. The relative
expression of SphK1 was calculated and normalized using
the 2−ΔΔCt method relative to GAPDH. Independent experi-
ments were done in triplicate.

Western blot

The cel ls or t i ssues were lysed using modif ied
radioimmunoprecipitation assay buffer (50 mM Tris–HCl

Fig. 1 a qRT-PCR showing
expression level of SphK1
mRNA in a series of CRC tissues
and adjacent normal mucosa
tissues; b western blot assay
showing expression level of
SphK1 protein in CRC tissues
and adjacent normal mucosa
tissues
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(pH 7.4), 1 % NP-40, 0.25 % sodium deoxycholate, 150 mM
NaCl, 1 mM ethylene diamine tetraacetic acid (EDTA), pro-
tease inhibitor cocktail complete). Amounts of total protein
extracts were determined using BCA assay and samples were
stored at −80 °C until use. Proteins were separated by sodium
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-
PAGE). Probing and detection of specific proteins was per-
formed with enhanced chemiluminescence after antibody
binding. The following antibodies were used: anti-SphK1
(1:1000; Abcam), anti-E-cadherin (1:1000; Abcam), anti-
Vimentin (1:1000; Abcam), and anti-β-actin (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). The membranes were
then incubated with a horseradish peroxidase-conjugated sec-
ondary antibody (Sigma-Aldrich, St. Louis, MO, USA). The
proteins were detected by an enhanced chemiluminescence
detection system.

Cell viability assay

Cell viability was determined using a 3-(4,5-dimethylthiazole-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as de-
scribed previously [10].

Transwell cell invasion assay

In vitro invasion assay was determined using Matrigel inva-
sion chambers (BD Bioscience). Living cells transfected with
SphK1 siRNA or negative control siRNA were seeded into

inserts at 5.0×104 per insert in serum-free medium and then
transferred to wells filled with the culture medium containing
10 % FBS as a chemoattractant. After 24 h of incubation,
noninvading cells on the top of the membrane were removed
with a cotton swab. The migrated cells on the underside of the
filter membrane were fixed and stained with 0.1 % crystal
violet. The number of migrated cells on the membrane was
counted in five randomly selected microscopic fields and
photographed. The protocol used for the invasion assay was
the same as that used for the migration assay, except that the
transwell insert was coated with Matrigel (BD Biosciences,
Heidelberg, Germany).

Statistical analysis

SPSS version 11.5 was used for all analyses. For continuous
variables, data are expressed as mean±standard deviation
(SD). The difference of SphK1 levels between tumor tissue
and normal colon mucosa was evaluated using Student’s t test.
Significance is displayed as *P<0.05, **P<0.01, or
***P<0.001.

Results

The PCR and western blot data demonstrated that SphK1
mRNA and protein were expressed in 85 pairs of human
CRC and adjacent normal colon mucosa tissue samples. The

Fig. 3 a qRT-PCR showing
expression level of SphK1
mRNA in CRC cell lines; b
western blots showing the
expression of SphK1 protein in
SW480/si or HCT116/si cells was
significantly decreased compared
with mock cells

Fig. 2 a High expression of
SphK1 in the CRC tissues; b low
expression of SphK1 in the
adjacent normal mucosa tissues

Tumor Biol. (2016) 37:6831–6836 6833



results demonstrated that SphK1mRNAwas overexpressed in
CRC samples compared with normal tissue (Fig. 1a), whereas
78.82 % (67 out of 85) cancer samples expressed higher
SphK1 protein level than adjacent normal tissue samples
(Fig. 1b). Then, we investigate the expression of nuclear
SphK1 protein in 85 CRC tissue samples by IHC analysis
(Fig. 2a, b). Nuclear SphK1 expression was significantly
higher in tumor tissues than in nontumor tissues (P<0.001).
Overexpression of nuclear SphK1 was observed in 65 of the
85 patients (76.47 %).

Quantitative RT-PCR analysis was used to determine the
levels of SphK1 mRNA in CRC cell lines. Results show that
SphK1 was highly expressed in SW480 and HCT116
(Fig. 3a), so SW480 and HCT116 cells were selected for
SphK1 gene silencing to study the effect of SphK1 knock-
down on oncogenic phenotypes. Our result showed that the
level of SphK1 protein was remarkably reduced in SW480/si
or HCT116/si cells compared with those transfected with con-
trol siRNA (Fig. 3b).

Therefore, we investigate the effect of inhibition of SphK1
on CRC cell proliferation and invasion, we evaluated cell
growth and invasion activity using SW480/si or HCT116/si
knockdown SphK1 cell. MTT assay showed that proliferation
rate of cells treated with SphK1-specific siRNA was signifi-
cantly decreased compared to cells transfected with control
vector or parental cells. As shown in Fig. 4a, b, cell growth
curve analysis results indicated that knockdown of SphK1 in

HCT116/si or SW480/si cells significantly inhibited cell pro-
liferation compared with control cells (P<0.001). These data
suggested that siRNA mediated knockdown of SphK1 could
lead to growth suppression of CRC cells. Transwell cell
migration/invasion assay results indicated that downregula-
tion of SphK1 in HCT116 and SW480 cells significantly de-
creased invasive activity compared with control cells (Fig. 5).
Therefore, siRNA-mediated knockdown of SphK1 could sig-
nificantly inhibit the ability of invasion of CRC in vitro.

To investigate the underlying mechanisms by which
SphK1 promotes CRC cell proliferation and invasion, western
blotting was performed to show expression of EMT-relevant
markers, and the results indicated that knockdown of SphK1
in HCT116 and SW480 significantly decreased the expression
of vimentin compared with control cells, while E-cadherin
expression was significantly increased, indicating that
SphK1 is involved in the EMT process in CRC (Fig. 3b).

Discussion

CRC remains a major public health problem worldwide [11].
Greater knowledge of the molecular mechanisms underlying
the development of this deadly neoplasm is required. In recent
years, the clinical significance of SphK1 has gained more and
more attention. SphK1 overexpression in tumor cells has been
shown to be an independent prognostic factor in several types

Fig. 5 a Inhibition of migration
and invasion of SW480 cells by
siRNA treatment of SphK1; b
inhibition of migration and
invasion of HCT116 cells by
siRNA treatment of SphK1

Fig. 4 Cell number was
measured by MTT assay. a
SphK1 knockdown inhibited cell
proliferation of SW480 cells; b
SphK1 knockdown inhibited cell
proliferation of HCT116 cells
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of tumors [12–16]. However, the molecular mechanism by
which SphK1 exerts its activity in CRC progression and ag-
gressiveness remains poorly understood.

CRC is a complex neoplasm which results from several
factors such as genetic alteration, chromosomal instability,
and activity of growth factor pathways. In order to identify
the pathological roles of SphK1 in human cancers, we eval-
uated the status of SphK1 expression in CRC tissues and
cell lines. In this study, we detected the level of SphK1 in a
series of CRC tissues and adjacent normal mucosa tissues.
Our result showed that SphK1 has clinical significance and
plays a functional role in human CRC. SphK1 is frequently
increased in CRC tissues both at the transcriptional level
and at the translational level, suggesting that abnormal
SphK1 expression plays key roles in colorectal tumorigen-
esis. In addition, the levels of SphK1 were greatly elevated
in all human CRC cell lines but expression levels of SphK1
varied among them. The expression of SphK1 was highest
in SW480 and HCT116 cell lines.

Our study showed that knocked down SphK1 suppressed
tumor cell proliferation in CRC cells. The MTTassay showed
that SphK1 siRNA significantly reduced the proliferation rate
of HCT116 and SW480 cells compared with the control
siRNA-transfected cells. SphK1 appears to aggravate cell in-
vasiveness and migration. In our study, we found that down-
regulation of SphK1 could inhibit CRC cell migration and
invasion, indicating that SphK1 contributes to tumor progres-
sion and suggesting that SphK1 could be a useful target for the
treatment of CRC.

The mechanism by which SphK1 exerts its invasive and
metastatic activity remains unclear. The possible mechanism
of the role of SphK1 in inducing invasion of CRC is that EMT
is involved in tumor progress. EMT is a process implicated in
the conversion of early stage tumors to invasive malignancies
that downregulates epithelial gene expression and upregulates
mesenchymal gene expression [17, 18]. Induction of EMT
will result in weakened intercellular adhesion and enhanced
cell motility, thereby allowing tumor cells to metastasize. Loss
or disruption of tight junctions and E-cadherin/β-catenin com-
plexes at cell boundaries via upregulation of E-box repressors
such as ZEB-1, ZEB-2, Snail, and Twist1 is one of the hall-
marks of the EMT. SphK1may promote cancer cell metastasis
through the EMT process [19–23]. In our study, inhibition of
SphK1 expression is associated with significant upregulation
of E-cadherin, and expression of vimentin was reduced in the
SphK1-siRNA HCT116 and SW480 cells.

In summary, this study provided evidence for the clinical
significance of overexpressed SphK1 in patients with CRC.
Our findings indicate that targeting SphK1 might provide a
new therapeutic modality for the treatment of CRC.
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