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Increased SPHK1 expression is associated with poor prognosis
in bladder cancer
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Abstract Upregulation of sphingosine kinase 1 (SPHK1)
protein has been reported to be associated with a poor prog-
nosis in a variety of malignant tumors. However, the role of
SPHK1 in bladder cancer (BC) has not been thoroughly
elucidated. The purpose of this study was to assess SPHK1
expression and to explore its contribution to BC. Real-time
quantitative reverse transcriptase–polymerase chain reaction
(qRT-PCR) was conducted to detect SPHK1 mRNA expres-
sion in 37 pairs of fresh-frozen BC tissues and corresponding
noncancerous tissues. Results showed that SPHK1 mRNA
expression level in BC tissues was significantly higher than
that in corresponding noncancerous tissues. To investigate the
association between SPHK1 protein expression and clinico-
pathological characteristics of BC, immunohistochemistry
(IHC) was performed in 153 archived paraffin-embedded

BC samples. Interestingly, high SPHK1 expression was sig-
nificantly associated with histologic grade (P=0.045) and
tumor stage (P <0.001) of patients with BC. The Kaplan–
Meier survival curve showed that patients with high SPHK1
expression had significantly reduced overall 5-year survival
rates (P <0.001). Multivariate Cox regression analysis further
suggested that the increased expression of SPHK1 was an
independent poor prognostic factor for this disease. In conclu-
sion, our data offer the convincing evidence for the first time
that the increased expression of SPHK1 may be involved in
the pathogenesis and progression of BC. SPHK1 might be a
potential marker to predict the prognosis in BC.
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Introduction

Bladder cancer (BC) is an increasingly significant internation-
al public health problem. In the USA, BC is the second most
common genitourinary malignant disease, with 69,250 new
cases and 14,990 mortalities estimated in 2011 [1]. The inci-
dence of BC increases with age, peaking between 50 and
70 years, and the disease is approximately three times more
common in males than in females [2]. The established risk
factors for bladder cancer include tobacco smoke, exposure to
industry-related aromatic amines, and uptake of drugs such as
phenacetin, chlornaphazine, and cyclophosphamide [3]. Ex-
posure to these chemical carcinogens may lead to direct and
indirect DNA damage, genome instability, and carcinogenesis
[4]. However, the precise mechanism of BC development
remains unclear.

The rate-limiting enzyme of sphingosine 1 phosphate
(S1P) synthesis is sphingosine kinase (SPHK), which critical-
ly regulates the ceramide/sphingosine-S1P rheostat [5]. SPHK
is a highly conserved lipid kinase. Two functional SPHK
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isoenzymes, sphingosine kinase 1 (SPHK1) and SPHK2, have
been identified in mammalian cells and tissues [6–8]. Multiple
lines of evidence indicate that SPHK1 is an oncogenic enzyme
and that activation of SPHK1 is closely associated with
antiapoptosis, transformation, proliferation, and survival of
tumor cells [9–13]. Previous studies have shown that SPHK1
protein is overexpressed in many types of malignant tumors
[9, 11–17]. In addition, Kalari et al. [18] reported that SPHK1
may play a positive and essential role in the growth and
development of malignant mesothelioma. However, the ex-
pression patterns and involvement of SPHK1 in BC are still
unclear. Therefore, the aim of this study was to investigate the
clinical significance of SPHK1 expression in BC.

Materials and methods

Patients and tissues samples

This study was approved by the Research Ethics Committee of
Bethune International Peace Hospital. Written informed consent
was obtained from all of the patients. All specimenswere handled
andmade anonymous according to the ethical and legal standards.

For qRT-PCR, 37 pairs of fresh BC and matched adjacent
normal tissue specimens were collected from patients who
underwent surgery between May 2008 and August 2008 in
the Bethune International Peace Hospital. The fresh tissue

specimens were immediately frozen in liquid nitrogen until
use. For immunohistochemical assay, a total of 153 paraffin-
embedded BC samples were collected from our hospital be-
tween July 2005 and January 2008. Patient characteristics are
shown in Table 1. None of the patients recruited in this study
had undergone preoperative chemotherapy or radiotherapy. The
duration of follow-up was calculated from the date of surgery to
death or last follow-up, and patients were excluded if they had
incomplete medical records or inadequate follow-up.

Real-time quantitative reverse transcriptase–polymerase chain
reaction

For mRNA quantitative real-time PCR (qRT-PCR) assay, total
RNA was extracted from gastric cancer tissues and adjacent
normal tissues using TRIzol reagent (Invitrogen) according to
the manufacturer’s protocol. RNAse-free DNase I was used to
eliminate DNA contamination. qRT-PCR was performed
according to standard methods. Sequences of the real-time
PCR primers were designed using the Primer Express Software
Version 2.0 and sequences are as follows: SPHK1 forward
primer 5′-CTTGCAGCTCTTCCGGAGTC-3′, SPHK1 reverse
primer 5′-GCTCAGTGAGCATCAGCGTG-3′, and SPHK1
probe 5′-(FAM)CCCTTTTGGCTGAGGCTGAAATC
TCC(TAMRA)-3′. Expression data were normalized to the
geometric mean of housekeeping gene GAPDH to control the
variability in expression levels (forward primer 5′-GACTCA
TGACCACAGTCCATGC-3′, reverse primer 5′-AGAGGCA
GGGATGATGTTCT G-3′, and probe 5′-(FAM)CATCA
CTGCCACCCAGAAGACTGTG(TAMRA)-3′) and calculat-
ed as 2−[(Ct of SPHK1)−(Ct of GAPDH)], where Ct represents the
threshold cycle for each transcript.

Table 1 Association between SPHK1 expression and different clinico-
pathological features of BC

Variables No.
(n =153)

SPHK1 protein expression P value

Low expression
(n =71)

High expression
(n =82)

Gender

Female 68 33 35 0.638

Male 85 38 47

Age (years)

≤65 59 28 31 0.836

>65 94 43 51

Tumor size (cm)

≤3 87 46 41 0.066

>3 66 25 41

Tumor number

Unifocal 79 35 44 0.59

Multifocal 74 36 38

Grade

G1 52 30 22 0.045

G2–G3 101 41 60

T stage

Ta–T1 92 54 38 <0.001

T2–T4 61 17 44

Fig. 1 SPHK1 expression in 37 pairs of BC and adjacent normal tissues
were respectively detected by qRT-PCR assay. The mRNA level of
SPHK1 was significantly higher in tumor tissues than in corresponding
noncancerous tissues (3.54±1.12 vs. 1.02±0.43, P<0.001)
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Immunohistochemistry

Immunohistochemistry was performed as described previously
[19]. SPHK1 antibody (1:200 dilution, Abgent, CA) was used.
Immunohistochemistry (IHC) results were evaluated and
scored independently by two pathologists without knowledge
of the clinicopathological outcomes of the patients. Semiquan-
titative estimation was made using a composite score obtained
by multiplying the values of staining intensity and relative
abundance of positive cells. Intensity was graded as 0 (no
staining), 1 (weak staining), 2 (moderate staining), or 3 (strong

staining). The abundance of positive cells was graded from 0 to
4 (0, <5 % positive cells; 1, 5–25 %; 2, 26–50 %; 3, 51–75 %;
4, >75 %). For Kaplan–Meier survival analysis, a composite
score greater than the median value was considered high
expression and a composite score less than or equal to the
median value was considered low expression.

Statistical analysis

A chi-square test was used to determine the association be-
tween SPHK1 expression and clinicopathological parameters.
Kaplan–Meier analysis and log-rank tests were used to assess
the survival rate and to compare differences in survival curves.
Cox regression analysis was performed to assess the signifi-
cance of multiple predictors of survival. Differences were
considered significant at P <0.05.

Results

Expression of SPHK1 in BC tissues by qRT-PCR

We examined SPHK1 protein expression in 37 pairs of BC
tissues and the corresponding noncancerous tissues by qRT-
PCR. As shown in Fig. 1, the increased SPHK1 mRNA ex-
pression in BC was observed in 29 of the 37 cases, suggesting
that the mRNA level of SPHK1 was significantly higher in

Fig. 2 Immunohistochemical
analysis of SPHK1 in bladder
cancer tissues. a , b
Representative images of BC
tissues with high SPHK1
expression. c , d Representative
images of corresponding
noncancerous tissues with
SPHK1 negative expression

Fig. 3 Kaplan–Meier curves for survival time in patients with BC
divided according to SPHK1 expression: significantly shorter survival
times for patients with high SPHK1 expression than for those with low
SPHK1 expression (P<0.001)
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tumor tissues than in corresponding noncancerous tissues (3.54
±1.12 vs. 1.02±0.43, P <0.001).

Expression of SPHK1 in BC tissues by IHC

We further examined the expression of SPHK1 protein in 153
paraffin-embedded BC samples and 153 matched correspond-
ing noncancerous samples by IHC analysis. We observed that
53.6 % (82/153) of the BC samples showed high SPHK1
expression. In comparison, the rate of high SPHK1 protein
expression was 20.9 % (32/153) in adjacent noncancerous
samples (Fig. 2). The protein expression level of SPHK1
was significantly higher in BC tissues than the level in adja-
cent noncancerous tissues (P <0.001).

Correlation of SPHK1 expression with clinicopathological
characteristics

The relationship between SPHK1 expression and different
clinicopathological factors was shown in Table 1. Increased
SPHK1 expression in BC was found to be associated with
histologic grade (P =0.045) and tumor stage (P <0.001).
However, no correlation was observed between SPHK1 ex-
pression and other clinicopathologic variables, such as age,
gender, tumor size, and tumor number (all P >0.05).

Relationship between SPHK1 expression and BC patients’
survival

The association between SPHK1 expression and survival of BC
patients was investigated by Kaplan–Meier analysis and log-
rank test. As shown in Fig. 3, BC patients with high SPHK1
expression tend to have shorter overall survival than those with
low SPHK1 expression (log-rank test: P <0.001).

Univariate analysis demonstrated that histologic grade, tu-
mor stage, and SPHK1 expression were significantly associat-
ed with overall survival of BC patients (all P <0.05, Table 2).
No significant associations were found for age, gender, tumor

size, tumor number, and patient outcome.Multivariate analysis
using the Cox proportional hazards model for all variables that
were significant in the univariate analysis showed that histo-
logic grade, tumor stage, and SPHK1 expression were inde-
pendent prognostic factors for patients with BC (all P <0.05,
Table 2).

Discussion

BC has diverse biological and functional characteristics. Con-
ventional histopathological evaluation, such as tumor stage or
grade and lymph node status and numerous biomarkers have
been investigated as prognostic indicators of BC [20, 21].
However, none of the histological criteria or biomarkers re-
ported to date have sufficient sensitivity and specificity for
detecting the whole spectrum of bladder cancer diseases in a
routine clinical practice [22]. The limited value of the
established prognostic markers requires the analysis of new
molecular parameters in predicting the prognosis and treat-
ment of BC patients. Recently developed microarray technol-
ogy has permitted the development of numerous cancer clas-
sifiers, identification of tumor subclasses, discovery of pro-
gression markers, and prediction of disease outcome in many
types of cancer [23–25]. Molecular staging may provide more
accurate predictions of patient outcome than is currently pos-
sible with histopathological staging. Also, molecular staging
could improve the treatment of patients by allowing treatment
to be tailored to the severity of the disease. Although consid-
erable effort has been devoted to identifying a prognostic
model of BC that can provide useful information about sur-
vival and treatment options at diagnosis, the ability to predict
the survival of BC patients remains a major clinical challenge.
Thus, there is a critical need for methods capable of assessing
the prognosis of patients with BC [26].

The essential roles of SPHK1 in tumorigenesis have been
revealed recently [9–18]. The upregulation of SPHK1 was
reported in various types of human cancers [9, 11–17]. SPHK1

Table 2 Univariate and multivariate analysis of prognostic parameters in patients with BC

Variables Univariate analysis Multivariate analysis

HR 95 % CI P value HR 95 % CI P value

SPHK1 1.523 0.785–2.808 <0.001 1.485 0.686–2.758 <0.001

Age 1.482 0.692–2.505 0.675 1.392 0.648–2.316 0.704

Gender 1.396 0.718–2.443 0.843 1.402 0.705–2.237 0.798

Tumor size 1.411 0.703–2.217 0.084 1.388 0.681–2.284 0.121

Tumor number 1.569 0.837–2.406 0.413 1.399 0.655–2.117 0.506

Histologic grade 1.353 0.618–2.337 0.013 1.493 0.746–2.206 0.027

Tumor stage 1.402 0.762–2.203 0.002 1.352 0.718–2.388 0.003

HR hazard ratio, 95% CI 95 % confidence interval
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overexpression serves as a prognostic marker for judging the
survival of patients with salivary gland carcinomas [27], head
and neck carcinoma [28], gastric cancer [29], and human
astrocytomas [30]. In addition, Rosa et al. [31] recently report-
ed that SPHK1 overexpression contributes to cetuximab resis-
tance in human colorectal cancer models.

To our knowledge, this is the first reported research on a
large number of clinical samples looking at the predictive
power of SPHK1 in BC and the correlation between SPHK1
expression and clinicopathologic features and prognosis of BC
patients. In this study, we found that the levels of SPHK1
protein and mRNA were significantly higher in BC tissues
compared with corresponding noncancerous tissues. Moreover,
the overexpression of SPHK1 protein was significantly related
to histologic grade and tumor stage. Furthermore, the results of
Kaplan–Meier survival curves and Cox multivariate analysis
indicated that overexpression of SPHK1 may be an indepen-
dent predictor of poor clinical outcome and decreased survival.

In summary, our present study demonstrated that elevated
SPHK1 expression levels were associated with the progres-
sion and poor prognosis in patients with BC, which indicates
that SPHK1 may serve as a valuable prognosis marker in BC.
However, the possible underlying mechanisms for its partici-
pation in tumor progression are still unclear; therefore, as the
next step, we will make further research from cell signaling
pathway in order to gain a better molecular mechanism un-
derstanding in this field.
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