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Abstract: Sphingosine kinase 1 (SphK1) expression is elevated in various cancers and is associated with shorter
survival times for patients. However, the effect of SphK1 in pancreatic cancer (PC) remains unclear. In this study, we
investigate the effect of SphK1 in human PC tissues and PC cells line, SW1990. The SphK1 expression in PC tissues
was measured by qRT-PCR and western blotting. The cultured SW1990 cells were divided into three groups: PMA
group, DMS group and control group. Cell proliferation was determined colony formation assay, and cell apoptosis
was detected by flow cytometry. RT-PCR and Western blot were used to evaluate the mRNA and protein expression of
Sphk1, respectively. The Sphk1 expression levels in PC tissues were significantly increased compared with adjacent
normal pancreatic tissues (P < 0.01). Sphk1 expression levels in PMA group was significantly increased compared
with these in the DMS group and control group (P < 0.05), and expression of Sphk1 in DMS group was significantly
lower than control group (P < 0.01). PMA significantly enhanced cell proliferation and suppressed cell apoptosis,
whereas DMS suppressed cell proliferation and enhanced cell apoptosis. Cell colony formation rate and apoptosis
rate for the control group, PMA group and DMS group were as follows: colony formation rate: 1.29% ± 0.27%, 2.12%
± 0.18% and 0.75% ± 0.16%; apoptosis rate: 16.7%, 9.7% and 31.7% (all P < 0.05 vs the control group). These data
suggest that SphK1 has an important role in PC and presents an attractive therapeutic target for the treatment for
PC.
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Introduction
Pancreatic cancer (PC) is a malignant tumor
with a very poor prognosis, and the 5-year survival is 1.2-6% [1]. Although surgical resection
of PC is the first-choice treatment, only 10%15% are eligible for surgery and about 80% of
patients have to undergo radiotherapy or chemotherapy [2]. Therefore, there is an urgent
need to identify a novel effective therapeutic
target.
Sphingosine kinase 1 (SphK1), the key enzyme
of sphingosine 1 phosphate (S1P) synthesis, is
a bioactive lipid with oncogenic functions that
promoting tumor cell growth and invasion [3].
There is mounting evidence from in vitro and in
vivo that SphK1 play an important role in oncogenesis, cell survival, proliferation, transformation, and angiogenesis [4]. SphK1 is considered
an oncogenic kinase which is overexpressed in

many human cancers, including breast cancer,
prostate cancer, ovarian cancer, and lung cancer [5]. SphK1 mRNA levels have been found
significantly higher in various tumor tissues
such as those of breast, colon, lung, and ovary,
than in normal tissues [6]. Moreover, the upregulation of SphK1 is associated with poor prognosis in many types of human cancers, such as
glioblastoma, breast cancer, and gastric cancer
[7]. A remarkable correlation between shorter
overall survival times and high SphK1 expression of gastric cancer suggested that SphK1
could be a prognostic marker in many cancers
[8].
SphK1 expression has been involved in the
resistance of chemotherapeutics, radiation
and targeted agents, which suggested that
SphK1 may be considered as a novel therapeutic target. Pharmacological or biological inhibitors of SphK1 decrease S1P levels led to
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increased chemotherapy and radiation sensitivity in malignant tumor cells, and then induce
tumor cell apoptosis [9]. Sphingosine Kinase
Inhibitor II (SKI-II) as an inhibitor of SphK1 has
anti-proliferative activity in various cancer cell
lines [10]. BML-258, a water-soluble sphingosine analogue, is a SphK1-selective inhibitor
that is effective for tumor cell both in vitro and
in vivo [11]. Moreover, FTY720 is a novel competitive SphK1 inhibitor which is an effective
orally bioavailable anti-cancer agent, and inhibits tumor cells proliferation and migration [12].
These results indicated that SphK1 is a novel
therapeutic target in many human cancers, and
inhibitors of SphK1 in combination with chemotherapeutic or radiation treatments can synergistically act to induce tumor cell apoptosis.

Cell culture
The human pancreatic cancer cells, SW1990,
were cultured in DMEM medium (Gibco, Carlsbad, CA) supplemented with streptomycin
(100 µg/ml) and penicillin (100 U/ml), and 10%
FBS. The cells were grown at 37°C with 5% CO2.
After 12 h, cells were stimulated by the addition
of 100 nM PMA (phorbol 12-myristate 13-acetate) or 50 μM DMS (N, N-dimethylsphingosine)
for 24 hours.
Colony formation assay

In the present study, we aimed to investigate
the clinical implications and prognostic significance of SphK1 expression and to investigate
the in vitro and in vivo effects of targeting
SphK1 with pharmacological inhibitors in PC.

The cells were seeded in new 6-well plates in
triplicate and cultured in medium with 100 nM
PMA or 50 DMS μM, grown for one week, fixed
with 10% methanol for 15 min and stained with
0.5% crystal violet for 20 min. The dishes were
washed and dried, and the number of colonies
with more than 50 cells was counted to obtain
a cloning efficiency for 100 nM PMA or 50 DMS
μM.

Materials and methods

Analysis of cell apoptosis

Clinical tissue samples and pancreatic cancer
cell lines

Flow cytometric analysis was performed by
staining the cells with Annexin V-FITC and propidium iodide (PI). Cells (2×105/well) were plated
in 6-well plates and incubated overnight. 100
nM PMA or 50 DMS μM was added and the control group was supplemented with equal volumes of PBS. After cultured 24 h, the control or
treated cells were resuspended in Annexin
V-binding buffer, stained with fluorescein-conjugated Annexin V and PI (Annexin V-FITC kit;
Becton Dickinson, Franklin Lakes, NJ, USA) and
incubated at room temperature for 15 min. The
cells were analyzed by BD FACSCanto II flow
cytometer (BD Biosciences). The results were
obtained from at least three independent
experiments with triplicated wells each time.

A total of 20 freshly-frozen primary PC and
matched adjacent non-tumor tissues were collected from patients who underwent pancreatic
surgical resection at the First Affiliated Hospital
of Hainan Medical University between January
2015 and December 2015. All the PC tissue
specimens were identified as pancreatic ductal
adenocarcinoma, and the pathological information was retrieved from the Pathology Department. All cases are not receiving any previous
cancer-associated treatment, and had a history
of any other types of cancer before surgery. All
patients underwent pretreatment evaluation,
including chest X-ray, magnetic resonance
imaging (MRI) and pelvis to evaluate the tumor
stage. All the samples were stored at ‑80°C following surgery until RNA extraction. The study
protocol was approved by the Ethics Committee
of the First Affiliated Hospital of Hainan Medical
University, and informed consent was signed
from all patients prior to tissue collection. Human pancreatic cancer cell lines SW1990 were
purchased from Chinese Academy of Sciences
(Shanghai, China) and were cultured in DMEM
(Gibco, Carlsbad, CA) containing 10% fetal
bovine serum (FBS) (Wisent Biotec, Co. Ltd) in a
humidified 5% CO2 atmosphere at 37°C.
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Quantitative RT-PCR (qRT-PCR)
Total RNA of cells and tissue samples were isolated using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s
instructions. The extracted RNA was reverse
transcribed into cDNA using PrimeScript™ RT
Master Mix (TaKaRa, Kyoto, Japan) according to
the manufacturer’s instructions. The PCR components were set up as follows: 1 µl cDNA product, 12.5 µl master mix, 10 pmol/µl forward
primer, 10 pmol/µl reverse primer and DEPC
added to a final volume of 25 µl. PCR was perInt J Clin Exp Pathol 2017;10(5):5573-5579
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min and protein concentration were determined
by the BCA method. The proteins were separated by 12% SDS-PAGE and then transferred
onto PVDF membranes (Millipore, Bedford, MA,
USA). The blots were blocked with 5% non-fat
milk and then probed with primary antibodies
(1:1,000 dilution) against the SphK1 and β-actin protein at 4°C overnight. After washing, the
membranes were incubated with secondary
antibody (1:10,000 dilution) at room temperature. Antibodies were diluted in TBS containing
0.05% (v/v) Tween-20 and 5% BSA. Proteins
were analyzed using the near infrared laser
imaging system.
Figure 1. SphK1 expression in PC and normal tissues
by western blot and RT-PCR analysis. The results
demonstrated that the expression levels of SphK1
were significantly increased in human PC tissues
compared with the adjacent normal pancreatic tissues (P < 0.01).

Statistical analysis
Data are presented as the mean ± standard
deviation. The differences were analyzed using
the Student’s t-test. All the analyses were performed using SPSS software, version 17.0
(SPSS Inc., Chicago, IL, USA). P < 0.05 was considered to indicate a statistically significant
difference.
Results
SphK1 expression in PC and normal tissues

Figure 2. The effect of DMS and PMA on human
pancreatic cancer SW1990 cell colony formation.
Compared with control group, treatment with DMS
suppressed colony formation, but PMA treatment
promoted colony formation. There were significant
differences among these groups (P < 0.05).

formed with 40 cycles of denaturation: 5 min at
94°C, 30 sec at 90°C, 40 sec at 52°C, and
extension 30 sec at 75°C. The primers were
designed using primer 5 software. Data analysis was conducted according to the 2-ΔΔCt methods using the threshold cycle (Ct) values for
target genes and GAPDH, as an endogenous
gene. All samples were performed in triplicate.
Western blot analysis
Cells and tissue samples were washed with
cold PBS, supplemented with 100 µl/well cell
lysis buffer (Beyotime Institute of Biotechnology) and placed on ice for 15 min. Samples were
formed by centrifugation at 14,000× g for 10
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SphK1 expression levels in human PC tissues
and adjacent normal pancreatic tissues were
examined by Western blot and RT-qPCR (Figure
1). The expression levels of SphK1 were significantly increased in human PC tissues compared with the adjacent normal pancreatic tissues (P < 0.01). The results indicated that the
up-regulation of SphK1 may be involved in
human pancreatic carcinogenesis.
Effect of DMS and PMA on cell colony formation
To determine the effects of DMS and PMA on
the ability of single cell proliferation, colony formation assay was performed. Colony formation
efficiency was calculated with the number of
visible colonies divided by the number of plated
cells. Compared with control group, treatment
with DMS suppressed colony formation, but
PMA treatment promoted colony formation
(Figure 2). There were significant differences
among these groups (P < 0.05).
Effect of DMS and PMA on cell apoptosis in
human pancreatic cancer SW1990 cell
The SW1990 cells were treated with 100 nM
PMA or 50 DMS μM for 24 h, stained with
Int J Clin Exp Pathol 2017;10(5):5573-5579
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Annexin V-FITC and PI, and
analyzed by flow cytometry
(Figure 3). FITC single-positive
cells represent early apoptotic cells, FITC/PI double-positive cells represent apoptotic
cells and PI single-positive
cells represent dead cells.
The percentages of apoptotic
cells increased with the DMS
treatment, but the percentages of apoptotic cells decreased with the PMA treatment.
The percentage of apoptotic
cells in DMS group was increased compared with the
control and PMA group (P <
0.01), and there was a significant reduction in the percentages of apoptotic cells in the
PMA group compared with
control (P < 0.05).

Figure 3. Effect of DMS and PMA on cell apoptosis in human pancreatic
cancer SW1990 cell. The percentage of apoptotic cells in DMS group was
increased compared with the control control and PMA group (P < 0.01), and
there was a significant reduction in the percentages of apoptotic cells in the
PMA group compared with control control (P < 0.05).

Effect of PMA and DMS on
SphK1 gene in human pancreatic cancer SW1990 cell

To investigate the effects of
DMS and PMA on SphK1 gene
expression, we analyzed the
mRNA and protein levels of
SphK1 in SW1990 cells by RT-PCR and Western
blot (Figure 4). The results revealed that the
mRNA and protein levels of SPHK1 were markedly downregulated following treatment with
DMS compared with PMA and control group (P
< 0.05). In addition, the mRNA and protein levels of SphK1 in PMA group were higher than
that control group (P < 0.01).
Discussion

Figure 4. Effect of PMA and DMS on SphK1 gene in
human pancreatic cancer SW1990 cell. The results
revealed that the mRNA and protein levels of SPHK1
were markedly downregulated following treatment
with DMS compared with PMA and control group (P
< 0.05). In addition, the mRNA and protein levels of
SphK1 in PMA group were higher than that control
group (P < 0.01).
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In this study, we determined the roles of SphK1
in PC pathogenesis and the underlying mechanisms. The SphK1 expression was overexpressed at the PC tissues, as we observed a
significant increased SphK1 mRNA and protein
levels in the PC group compared with the normal pancreatic tissues, which suggesting a
novel biomarker that contributes to PC pathogenesis and aggressive biology. We also demonstrated that the changes of SphK1 activity
with specific SphK1 inhibitor or with specific
SphK1 agonist might represent a novel strategy for the treatment of PC.

Int J Clin Exp Pathol 2017;10(5):5573-5579
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SphK1 as an oncogene in tumorigenesis is
over-expression in various types of cancers,
including breast cancer, ovarian cancer, prostate cancer, lung cancer, and stomach cancer.
It is reported that high expression of SphK1 is
related to poor prognosis in patients with certain cancers, such as glioblastoma, breast cancer, and gastric cancer [12, 13]. However, little
is known about the role of SphK1 in the development of PC. We found that SphK1 is upregulated in PC tissues, and the expression of
SphK1 in PC tissues was significantly higher
than that in normal pancreatic tissues. The
data showed that high expression of SphK1
might be involved in the development of PC.
Numerous studies have shown that SphK1 is
found to enhance the proliferation ability of
cancer cells. High expression of SphK1 inhibits
the apoptosis of tumor cells has been extensively demonstrated [14]. Gucluler et al. showed
that overexpression of SphK1 enhances tumor
formation of human breast cancer MCF-7 cells
in nude mice [15]. Over-expression of SphK1
contributes to cellular resistance to chemotherapy drugs was also observed [16]. In contrast,
inhibition of SphK1 could attenuate lung cancer cell growth in vitro as well as in vivo [17, 18].
We further demonstrated that blocking SphK1
with pharmacological inhibitors significantly
impaired PC cells survival and inhibited their
proliferation. DMS is an inhibitor of SphK1, and
the ability of DMS to prevent the development
of cancer has been widely investigated in preclinical models. DMS could inhibit the growth
and migration of various tumor cells [19]. In
addition, DMS could act as a SphK1 inhibitor to
exhibit the antiproliferative effect in various
cancers in a manner independent of S1P receptors. In the present study, we demonstrated for
the first time that inhibition of SphK1 by DMS
markedly suppressed the ability of cell growth
of SW1990 cells and an increase in tumor cells
apoptosis in PC compared with control group,
and it also has capacity to inhibit the expression of SphK1 in SW1990 cells. These results
provide new insights into the alterations of
SphK1 expression and activity that are associated with the development and progression of
PC. We suggest that therapeutic targeting of
SphK1 is a potential therapeutic strategy for
the treatment of PC.
There is mounting evidence suggesting that
activation of SphK1 is critical for it to produce
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S1P that mediates its biological effects [20].
Different external stimuli, particularly growth
factors and chemoattractants, such as phorbol
12-myristate 13-acetate (PMA) involves extracellular signal-regulated kinase (ERK) 1/2-mediated phosphorylation of SphK1 on Ser225,
cause a rapid activation of SphK1 [21]. This
phosphorylation site can control the catalytic
activity of SphK1 and induce translocation of
SphK1. SphK1 is a cytosolic enzyme, which is
translocation to the plasma membrane [22],
where its substrate sphingosine resides allows
precise temporal and localized formation of
S1P that subsequently activates appropriate
cell surface S1P receptors [23]. PMA increase
expression of SphK1 by transcriptional upregulation, chronically increasing production of S1P
perhaps to increase cells capability to grow and
move. Phosphorylation of SphK1 has been
shown to induce conformational changes that
enhance its binding to membrane acidic phospholipids such as phosphatidylserine which
can prolong its retention at the plasma membrane [24]. This phosphorylation-dependent
localization of SphK1 to the plasma membrane
appears essential for cell proliferation and survival [25]. These results suggested that PMA
can activate SphK1 that increase cells proliferation and migration. In the current study, the
PMA treated-SW1990 cells, the SphK1 levels
were markedly higher than those in the control
group and DMS group, and the apoptosis rate
of PMA group was lower than that in the DMS
group and control group.
Precious researches have clearly demonstrated that SphK1 acts as an oncogene and overexpression of SphK1 can induce tumor growth
and inhibit tumor cells apoptosis, resulting in
drug resistance in multiple cancers [26, 27].
Based on the results of Annexin FITC and PI
staining analysis, we confirmed that DMS significantly induced apoptosis in SW1990 cells,
but PMA significantly decreased the apoptosis
of SW1990 cells. All of the results suggested
that SphK1 may regulate PC cell proliferation
and apoptosis.
In conclusion, we demonstrated that overexpression of SphK1 is significantly associated
with the development of PC. Expression of
SphK1 represents a novel biomarker for the
prognosis of patients with PC. Our findings also
indicate that inhibition of SphK1 with pharmaInt J Clin Exp Pathol 2017;10(5):5573-5579
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cological inhibitors results in potent antitumor
activity in PC in vitro.
Acknowledgements
This study was funded by Scientific Research
Project of the Education Department of Hainan
Province (HNKY2014-54) and Research Project
of Health and Family Planning Commission of
Hainan Province (Qiong-Wei 2013-026).
Disclosure of conflict of interest
None.

[9]
[10]

[11]

Address correspondence to: Du-Xiong Cai, Department of Gastroenterology, The First Affiliated Hospital of Hainan Medical University, 31# Longhua
Road, Haikou 570102, People’s Republic of China.
Tel: +86-98-66528102; E-mail: xie_reproduction@
126.com

[12]

References

[13]

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Zhang L, Xiu D, Zhan J, He X, Guo L, Wang J,
Tao M, Fu W, Zhang H. High expression of muscarinic acetylcholine receptor 3 predicts poor
prognosis in patients with pancreatic ductal
adenocarcinoma. Onco Targets Ther 2016; 9:
6719-6726.
Hartwig W, Gluth A, Hinz U, Koliogiannis D,
Strobel O, Hackert T, Werner J, Büchler MW.
Outcomes after extended pancreatectomy in
patients with borderline resectable and locally
advanced pancreatic cancer. Br J Surg 2016;
103: 1683-1694.
Frati A, Ricci B, Pierucci F, Nistri S, Bani D, Meacci E. Role of sphingosine kinase/S1P axis in
ECM remodeling of cardiac cells elicited by relaxin. Mol Endocrinol 2015; 29: 53-67.
Tamashiro PM, Furuya H, Shimizu Y, Kawamori
T. Sphingosine kinase 1 mediates head &amp;
neck squamous cell carcinoma invasion through sphingosine 1-phosphate receptor 1.
Cancer Cell Int 2014; 14: 76.
Gao Y, Gao F, Chen K, Tian ML, Zhao DL. Sphingosine kinase 1 as an anticancer therapeutic
target. Drug Des Devel Ther 2015; 9: 32393245.
Zhang Y, Wang Y, Wan Z, Liu S, Cao Y, Zeng Z.
Sphingosine kinase 1 and cancer: a systematic review and meta-analysis. PLoS One 2014;
9: e90362.
Shida D, Takabe K, Kapitonov D, Milstien S,
Spiegel S. Targeting SphK1 as a new strategy
against cancer. Curr Drug Targets 2008; 9:
662-673.
Zhao YD, Ohkawara H, Rehman J, Wary KK, Vogel SM, Minshall RD, Zhao YY, Malik AB. Bone

5578

[14]

[15]

[16]

[17]

[18]

[19]

marrow progenitor cells induce endothelial
adherens junction integrity by sphingosine1-phosphate-mediated Rac1 and Cdc42 signaling. Circ Res 2009; 105: 696-704.
Marfe G, Mirone G, Shukla A, Di Stefano C.
Sphingosine kinases signalling in carcinogenesis. Mini Rev Med Chem 2015; 15: 300-314.
Plano D, Amin S, Sharma AK. Importance of
sphingosine kinase (SphK) as a target in developing cancer therapeutics and recent developments in the synthesis of novel SphK inhibitors. J Med Chem 2014; 57: 5509-5524.
Fuereder T, Hoeflmayer D, Jaeger-Lansky A,
Rasin-Streden D, Strommer S, Fisker N, Hansen BJ, Crevenna R, Wacheck V. Sphingosine
kinase 1 is a relevant molecular target in gastric cancer. Anticancer Drugs 2011; 22: 245252.
Vadas M, Xia P, McCaughan G, Gamble J. The
role of sphingosine kinase 1 in cancer: oncogene or non-oncogene addiction? Biochim Biophys Acta 2008; 1781: 442-447.
Li J, Guan HY, Gong LY, Song LB, Zhang N, Wu
J, Yuan J, Zheng YJ, Huang ZS, Li M. Clinical
significance of sphingosine kinase-1 expression in human astrocytomas progression and
overall patient survival. Clin Cancer Res 2008;
14: 6996-7003.
Yang YL, Ji C, Cheng L, He L, Lu CC, Wang R, Bi
ZG. Sphingosine kinase-1 inhibition sensitizes
curcumin-induced growth inhibition and apoptosis in ovarian cancer cells. Cancer Sci 2012;
103: 1538-1545.
Datta A, Loo SY, Huang B, Wong L, Tan SS, Tan
TZ, Lee SC, Thiery JP, Lim YC, Yong WP, Lam Y,
Kumar AP, Yap CT. SPHK1 regulates proliferation and survival responses in triple-negative
breast cancer. Oncotarget 2014; 5: 59205933.
Antoon JW, White MD, Slaughter EM, Driver JL,
Khalili HS, Elliott S, Smith CD, Burow ME, Beckman BS. Targeting NFĸB mediated breast cancer chemoresistance through selective inhibition of sphingosine kinase-2. Cancer Biol Ther
2011; 11: 678-689.
Song L, Xiong H, Li J, Liao W, Wang L, Wu J, Li
M. Sphingosine kinase-1 enhances resistance
to apoptosis through activation of PI3K/Akt/
NF-κB pathway in human non-small cell lung
cancer. Clin Cancer Res 2011; 17: 1839-1849.
Johnson KR, Johnson KY, Crellin HG, Ogretmen
B, Boylan AM, Harley RA, Obeid LM. Immunohistochemical distribution of sphingosine kinase 1 in normal and tumor lung tissue. J Histochem Cytochem 2005; 53: 1159-1166.
Sweeney EA, Sakakura C, Shirahama T, Masamune A, Ohta H, Hakomori S, Igarashi Y. Sphingosine and its methylated derivative N,N-dimethylsphingosine (DMS) induce apoptosis in

Int J Clin Exp Pathol 2017;10(5):5573-5579

Roles of SphK1 in human pancreatic cancer

[20]

[21]

[22]

[23]

a variety of human cancer cell lines. Int J Cancer 1996; 66: 358-366.
Schnute ME, McReynolds MD, Kasten T, Yates
M, Jerome G, Rains JW, Hall T, Chrencik J,
Kraus M, Cronin CN, Saabye M, Highkin MK,
Broadus R, Ogawa S, Cukyne K, Zawadzke LE,
Peterkin V, Iyanar K, Scholten JA, Wendling J,
Fujiwara H, Nemirovskiy O, Wittwer AJ, Nagiec
MM. Modulation of cellular S1P levels with a
novel, potent and specific inhibitor of sphingosine kinase-1. Biochem J 2012; 444: 79-88.
Zhang C, He H, Zhang H, Yu D, Zhao W, Chen Y,
Shao R. The blockage of Ras/ERK pathway
augments the sensitivity of SphK1 inhibitor
SKI II in human hepatoma HepG2 cells. Biochem Biophys Res Commun 2013; 434: 3541.
Tian H, Yu Z. Resveratrol induces apoptosis of
leukemia cell line K562 by modulation of
sphingosine kinase-1 pathway. Int J Clin Exp
Pathol 2015; 8: 2755-62.
Meng H, Yuan Y, Lee VM. Loss of sphingosine
kinase 1/S1P signaling impairs cell growth
and survival of neurons and progenitor cells in
the developing sensory ganglia. PLoS One
2011; 6: e27150.

5579

[24] Xiong H, Wang J, Guan H, Wu J, Xu R, Wang M,
Rong X, Huang K, Huang J, Liao Q, Fu Y, Yuan J.
SphK1 confers resistance to apoptosis in gastric cancer cells by downregulating Bim via
stimulating Akt/FoxO3a signaling. Oncol Rep
2014; 32: 1369-1373.
[25] Pyszko JA, Strosznajder JB. The key role of
sphingosine kinases in the molecular mechanism of neuronal cell survival and death in an
experimental model of Parkinson’s disease.
Folia Neuropathol 2014; 52: 260-269.
[26] Dick TE, Hengst JA, Fox TE, Colledge AL, Kale
VP, Sung SS, Sharma A, Amin S, Loughran TP
Jr, Kester M, Wang HG, Yun JK. The apoptotic
mechanism of action of the sphingosine kinase 1 selective inhibitor SKI-178 in human
acute myeloid leukemia cell lines. J Pharmacol
Exp Ther 2015; 352: 494-508.
[27] Matula K, Collie-Duguid E, Murray G, Parikh K,
Grabsch H, Tan P, Lalwani S, Garau R, Ong Y,
Bain G, Smith AD, Urquhart G, Bielawski J,
Finnegan M, Petty R. BMC Cancer 2015; 15:
762.

Int J Clin Exp Pathol 2017;10(5):5573-5579

