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Abstract. Sphingosine kinase  1 (Sphk1) is an oncogenic 
kinase that is responsible for the phosphorylation of sphin-
gosine to sphingosine‑1‑phosphate (S1P). Mounting evidence 
suggests that Sphk1 serves a crucial role in the proliferation 
and development of a variety of human cancer cells. However, 
the role of Sphk1 in hepatocellular carcinoma (HCC) has not 
been fully elucidated. Therefore, the expression of Sphk1 was 
examined in 127 formalin‑fixed, paraffin‑embedded HCC 
tissues using immunohistochemistry, and its clinical implica-
tions and prognostic significance were analyzed. As a result, 
the expression of Sphk1 in HCC tissue was revealed to be 
significantly higher than in normal tissue (P<0.01). In addition, 
Sphk1 expression was significantly associated with tumor size, 
tumor stage and histological differentiation (all P<0.05). The 
patients with low Sphk1 expression had higher overall survival 
and recurrence‑free survival rates compared with patients with 
high Sphk1 expression. Furthermore, Sphk1‑specific shRNA 
was used to downregulate the expression of Sphk1 in HCC 
cell lines, including hepatoblastoma G2 and HCC‑9724. The 
CRISPR/Cas9 based transcription activation system was used 
to upregulate Sphk1 expression in the normal live cell, L02. 
Cell proliferation, mRNA expression and protein expression 
were measured using Cell Counting Kit‑8, reverse transcrip-
tion polymerase chain reaction and western blot analysis in 
the transfected cells. To the best of our knowledge, the present 
study provides the first evidence that Sphk1 promotes HCC cell 
proliferation and is involved in tumor progression. Notably, the 
data presented suggest that Sphk1 may be a potential indepen-
dent prognosis biomarker for the treatment of HCC.

Introduction

Hepatocellular carcinoma (HCC) ranked as the seventh most 
prevalent cancer and the second leading cause of cancer‑asso-
ciated morbidity and mortality worldwide in 2012  (1). 
Although new diagnostic and treatment methods have been 
developed, owing to the development of tumor biology over 
previous decades, live transplantation (LT) remains to be 
considered the most efficient therapeutic option for HCC at 
present. The incidence, recurrence and associated mortality of 
HCC are continuously increasing over years (2). The increase 
in mortality may be due to the inefficiency of early‑stage 
diagnosis, resulting from the insidious onset of early‑stage 
HCC (3). Therefore, there is increased interest in indentifying 
new indicators associated with the progression of HCC, with 
the aim to improve the overall survival time of patients with 
HCC.

Sphingosine‑1‑phosphate (S1P) is an important metabolite 
that serves a crucial role in intracellular and intercellular 
signal transduction (4). The formation of polar, bioactive S1P 
from the non‑polar but bioactive sphingosine is catalyzed by 
sphingosine kinase 1 (Sphk1). Previous studies have demon-
strated that S1P regulates multiple cellular processes including 
cell apoptosis inhibition and proliferation promotion, whereas 
sphingosine inhibits cell proliferation and stimulates apop-
tosis (5). Therefore, in previous years, numerous studies have 
focused their attentions on uncovering the role of Sphk1 in 
tumors. Sphk1 was firstly identified as a lipid kinase with its 
biological activity of balancing the expression and functions of 
substrate and product. Following that, it has been well estab-
lished that Sphk1 is an oncogenic enzyme and its activation 
is associated with the cell transformation, survival and tumor 
microenvironment neovascularization  (6). Accumulating 
evidence has demonstrated that Sphk1 could be activated by 
a number of reagents, including growth factors, cytokines and 
oncogenes. This activation is partly due to the phosphoryla-
tion of serine at residue 225 (S225), and appeared to be solely 
responsible for the Sphk1 oncogenic effect. Evidence also 
exists to show that the activation of Sphk1 is associated with 
relocalization of Sphk1 to the plasma membrane, which is 
considered to be critical in its transforming ability (7). Notably, 
downregulation of Sphk1 expression by Sphk1 short‑hairpin 
RNA, or inactivation of Sphk1 function by specific inhibitors, 
suppressed prostate cancer cell and glioblastoma cell growth, 
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indicating that Sphk1 may be a potential target for the treat-
ment of human cancers (8).

The overexpression of Sphk1 has been well established 
in various human cancers, including head and neck  (9), 
gastric  (10), lung  (11), colon  (5) and ovarian cancers  (12). 
Increasing evidence has demonstrated that Sphk1 is involved 
in tumorigenic processes through promoting survival and 
pro‑growth signals, inhibiting cell apoptosis, inducing cell 
transformation and promoting angiogenesis (6). However, the 
role of Sphk1 in HCC has not been well studied. Therefore, 
the present study aimed to investigate the association between 
Sphk1 expression and clinicopathological characteristics of 
patients with HCC, and to evaluate the role of Sphk1 expres-
sion in the progression of HCC.

Materials and methods

Clinical specimens and tissues. A total of 127 patients (71 men 
and 56 women) that had undergone surgical liver resection at 
the First Affiliated Hospital of Wenzhou Medical University 
(Wenzhou, China) from February 2008 to August 2010 were 
enrolled into the present study. None of these patients had 
ever received chemotherapy, radiotherapy or any other type 
of anti‑cancer treatment prior to surgery. HCC tissues and 
adjacent normal tissues collected following surgical resec-
tion were immediately stored at ‑80˚C for further research. 
All the clinicopathological characteristics were recorded 
and summarized in Table I. The stage and differentiation of 
patients were based on the TNM (Union for International 
Cancer Control) and Edmondson method. The present clinical 
study was approved and monitored by the ethics committee of 
the First Affiliated Hospital of Wenzhou Medical University. 
All the patients involved in the present study have signed the 
written informed consent as the requirement of Institutional 
Ethnic Committee.

Cell lines. Human immortalized liver cell line L02 and two 
HCC cell lines (hepatoblastoma G2 and HCC‑9724) were 
purchased from American Type Culture Collection (Manassas, 
VA, USA). All the cells were cultured in complete Dulbecco's 
modified Eagle medium supplemented with 10% fetal bovine 
serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) at a maintained humidified atmosphere (5% CO2, 37˚C).

Silencing of Sphk1 expression using short‑hairpin RNA 
(shRNA). The Sphk1‑specific shRNA and scramble shRNA as 
negative control were designed and synthesized by Invitrogen 
(Thermo Fisher Scientific, Inc.). HepG2 and HCC‑9724 cell 
lines stably expressing the Sphk1‑specific shRNA or scramble 
shRNA were constructed by transfecting the shRNA expres-
sion plasmid (pENTR™/U6‑shRNA; Invitrogen; Thermo 
Fisher Scientific, Inc.) using Lipofectamine (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. Target sequences for specific shRNAs are: Sphk1 
specific shRNA, 5'‑GCA​GCT​TCC​TTG​AAC​CAT​TAT‑3'; and 
scrambled shRNA, 5'‑GGA​ATC​TCA​TTC​GAT​GCA​TAC‑3'.

Upregulation of Sphk1 expression using synergistic acti‑
vation mediator (SAM) constructs. The Sphk1‑specific 
SAM guide RNA sequence was synthesized by GenScript 

(Nanjing, China) and cloned into lenti sgRNA (MS2)_zeo 
backbone. To activate the transcription of endogenous sphk1 
gene, lenti sgRNA (MS2)_zeo backbone, dCas9‑VP64_Blast 
and lenti MS2‑P65‑HSF1_Hygro, at the mass ratio of 1:1:1, 
were co‑transfected into the L02 cells using Lipofectamine 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol and the description in a previous 
study (13). The gRNA sequence for Sphk1 activation is 5'‑CCA​
GCT​CGT​GGC​CCG​GCC​GT‑3'.

Cell proliferation assay. The rate of cell proliferation was 
assessed using the Cell Counting Kit‑8 (CCK‑8) purchased 
from Beyotime Institute of Biotechnology (Jiangsu, China), 
and followed the manufacturer's protocol. Cell lines trans-
fected with shRNA or gRNA construct were seeded onto 
96‑well plates at a density of ~4,000 cells/well and incubated 
for 24, 48 and 72 h under the aforementioned culture condi-
tions. A total of 10 µl of CCK‑8 was added to each well 2 h 
prior to incubation completion. The absorbance of each well 
was measured using Thermo Multiskan® Spectrum (Thermo 
Fisher Scientific, Inc.) at a wavelength of 450 nm. All the 
experimental procedures were repeated at least three times 
independently.

Total RNA preparation and reverse transcription‑quanti‑
tative polymerase chain reaction (RT‑qPCR). Total RNA 
was extracted from human liver cell lines transfected with 
shRNA or SAM construct and the normal and tumor tissues 
were obtained from the patients with HCC using a TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), following 
the manufacturer's protocol. The concentration of RNA was 
then quantified (NanoDrop 3,000; Thermo Fisher Scientific, 
Inc., Wilmington, DE, USA). cDNA chains were synthesized 
from total RNA (1 µg) using Moloney murine leukemia virus 
(M‑MLV) RT (Promega Corporation, Madison, WI, USA) and 
an oligo‑dT primer.

To quantify the mRNA expression of Sphk1 in the trans-
fected cell lines, tumor tissues and normal tissues, iQ SYBRE 
Green Supermix (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA) was adopted and real‑time RT‑PCR was performed on 
a iCycle iQ Multicolor Real‑Time RT‑PCR Detection System 
(Bio‑Rad Laboratories, Inc.). The optimized qPCR cycling 
conditions consisted of an initial step at 95˚C for 10 min, 
followed by cycles (n=40) consisting of 10 sec at 95˚C and 
1 min annealing/extension at 55˚C. All experiments were 
performed in triplicate. The data were analyzed with Q‑Gene 
software (14) and expressed as the mean normalized expres-
sion (5). The expression level of Sphk1 was normalized to the 
reference gene, β‑actin. The following primers were used for 
qPCR amplification: Sphk1 sense, 5'‑ATG​CAC​GAG​GTG​GTG​
AAC​G‑3' and antisense, 5'‑GGA​GGC​AGG​TGT​CTT​GGA​
AC‑3'; and β‑actin sense, 5'‑TCC​TCC​CTG​GAG​AAG​AGC​
TA‑3' and antisense, 5'‑CCA​GAC​AGC​ACT​GTG​TTG​GC‑3'.

Western blot analysis. To quantify the protein expression 
of Sphk1 in transfected cell lines and tissues, western blot 
analysis was used in the present study. The preparation of 
lysates from cultured cells or tissues was performed as previ-
ously described  (15). The supernatant was collected, and 
the concentration of protein was then determined using the 
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Bradford colorimetric protein assay. Following denaturation, 
equal amounts of protein were separated on a 12% SDS‑PAGE 
gel and then blotted onto a nitrocellulose (NC) membrane in a 
humid environment. The NC membrane was blocked with 5% 
non‑fat milk in TBST [10 mM Tris (pH 7.4), 100 mM NaCl 
and 0.05% Tween‑20]. Following blocking, the NC membrane 
was incubated with 1:1,000 dilution of anti‑Sphk1 antibody 
(catalog no. 12071; Cell Signaling Technology, Inc., Danvers, 
MA, USA) or 1:3,000 dilution of anti‑β‑actin antibody 
(catalog no. sc‑4778; Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA) at room temperature for 1 h, and then labeled 
with 1:3,000 dilution of horseradish peroxidase‑conjugated 
anti‑rabbit antibody (catalog no. RPN4301; GE Healthcare 
Life Sciences, Shanghai, China) at 1 h. Bands were visualized 
with enhanced chemiluminescence reaction western blotting 
substrate (Pierce; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), according to the manufacturer's protocol. Autora-
diography signals were analyzed using a gel imaging system 
(GE Healthcare Life Sciences).

Immunohistochemistry assay. All immunohistochemistry 
was analyzed on formalin‑fixed, paraffin‑embedded tissues 
with the avidin‑biotin immunoperoxidase technique. Tissue 
sections were deparaffinized by xylene, and rehydrated with 
graded ethanol. Following blocking of endogenous peroxidase 
activity with 3% hydrogen peroxide in methanol for 10 min, 
the tissue sections were washed with 10 mM citrate buffer 
and then incubated with 1:200 dilution of rabbit polyclonal 
anti‑Sphk1 antibody (cat. no.  3297; Cell Signaling Tech-
nology, Inc.) for 1 h at room temperature. The tissue sections 
were then incubated with biotinylated goat anti‑rabbit immu-
noglobulin G and then horseradish peroxidase‑conjugated 
streptavidin. Subsequent to washing with 0.01 M PBS (pH 
7.34), the antibody complexes were colored with 3,3'‑diami-
nobenzidine solution (cat. no. D8001; Sigma‑Aldrich; Merck 
Millipore, Darmstadt, Gemany). The Olympus microscope 
was used to observe the stained tissues (BX63; Olympus 
Corp., Tokyo, Japan).

Statistical analysis. Data were presented as the mean ± stan-
dard deviation. The χ2  test was performed to determine 
whether Sphk1 expression in HCC was associated with clini-
copathological characteristics. The significance of difference 
among groups was evaluated by Student's two‑tailed t‑test. 
The Kaplan‑Meier method was used for survival analysis, and 
differences in survival were estimated by long‑rank test. Multi-
variate analysis was performed on parameters with P<0.05 in 
the univariate analysis using Cox proportional hazards model 
(95% confidence interval). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Sphk1 expression in hepatocellular carcinoma (HCC) 
samples. To observe the expression of Sphk1 in HCC tissues, 
the HCC and matched adjacent noncancerous tissues obtained 
from 127 patients were examined at the mRNA and protein 
level, using RT‑qPCR and western blot analysis. The mRNA 
expression analysis result is shown in Fig. 1A. In total, 93/127 
(73.23%) of the cancer tissue samples were revealed to have 

a higher Sphk1 expression compared with adjacent normal 
tissues (overexpressed group). The other 26.77% demonstrated 
lower expression (Fig. 1A, under‑expressed group). The results 
revealed that Sphk1 overexpression is universal in HCC 
tissues. Furthermore, western blotting was performed to quan-
tify the Sphk1 protein expression of HCC tissues in these two 
groups. As depicted in Fig. 1B, the Sphk1 expression level in 
HCC tissue is significantly higher than that of normal tissue 
in the overexpressed group, which is consistent with the result 
obtained from RT‑qPCR (P<0.001). The same result could be 
drawn from the under‑expressed group (Fig. 1C). Therefore, 
Sphk1 may be important in HCC.

To analyze the in situ expression of Sphk1 in HCC tissues, 
immunohistochemistry (IHC) staining was performed in the 
present study. IHC analysis revealed that the expression of 
Sphk1 in the tissues obtained from the overexpressed group 
was significantly higher than those from the under‑expressed 
group (P<0.001). This is evidence of universally higher Sphk1 
expression in patients with HCC, and also verifies the results 
drawn from RT‑qPCR and western blot analysis (Fig. 2). In 
summary, the present study demonstrated that Sphk1 was 
overexpressed in HCC patients through RT‑qPCR, western 
blotting and IHC analysis.

Table I. Association between Sphk1 expression and the clini-
copathological features of HCC.

	 Sphk1 
	 expression
	 No. of	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 cases	 High	 Low	 P‑value

Gender				    NS
  Male	 71	 52	 19
  Female	 56	 41	 15
Age				    NS
  ≥50 years	 66	 53	 13
  <50 years	 61	 40	 21
Tumor size				    0.015
  ≥5 cm	 78	 63	 15
  <5 cm	 49	 30	 19
HBsAg				    NS
  Positive	 62	 48	 13
  Negative	 65	 44	 21
Histological differentiation				    0.018
  Well/Moderate	 81	 65	 16
  Poor	 46	 28	 18
AFP 				    NS
  >400 ng/ml	 76	 56	 20
  ≤400 ng/ml	 51	 37	 14
Tumor stage				    0.009
  I‑II	 58	 36	 22
  III‑IV	 69	 57	 12

Sphk1, sphingosine kinase 1; NS, not significant; HBsAg, hepatitis B 
virus surface antigen; AFP, α‑fetoprotein.
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Sphk1 overexpression promotes tumor cell proliferation. Over-
expression of Sphk1 has been well established in the present 
study through analyzing the mRNA and protein expression in 
HCC tissues. Therefore, to reveal the role of Sphk1 expression 

in HCC, the effect of Sphk1 on cell proliferation was exam-
ined. The normal liver cell line (L02) and two HCC cell lines 
(HepG2 and HCC‑9724) were selected in the present study. 
Firstly, Sphk1 mRNA and protein expression in L02, HepG2 

Figure 1. Analysis of Sphk1 expression in hepatocellular carcinoma tissues and adjacent normal tissues. (A) Quantitative reverse transcription polymerase 
chain reaction analysis of Sphk1 mRNA expression level. The patients with increased sphk1 mRNA expression were classified as the overexpressed group. 
Otherwise, patients were classified as the underexpressed group. (B) Western blot analysis of the protein expression of Sphk1 as the overexpressed group. 
(C) Western blot analysis of the protein expression of Sphk1 in the underexpressed group (***P<0.001; **P<0.01). NT, normal liver tissues; TT, liver tumor 
tissues; NS, not significant; Sphk1, sphingosine kinase 1.

Figure 2. Immunohistochemistry analysis of Sphk1 expression in hepatocellular carcinoma patients. (A) High Sphk1 expression. (B) Low Sphk1 expression. 
Sphk1, sphingosine kinase 1. Magnification, x200.
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and HCC‑9724 was analyzed through RT‑qPCR and western 
blot. As shown in Fig. 3A and B, Sphk1 expression in HCC 
cell lines was markedly higher than in the normal liver cell 
lines, which is consistent with the results drawn from HCC 
tissue analysis (all P<0.001). Next, the Sphk1‑specific shRNA 
and negative control shRNA were used to downregulate the 
expression of Sphk1 in HepG2 and HCC‑9724. The compar-
ison of Sphk1 expression in Sphk1‑specific shRNA and 
negative control shRNA transfected cells shows that sphk1 
expression in the former cell is lower than in the latter cell and 
is statistically significant (all P<0.001; Fig. 3C), proving the 
effectiveness of Sphk1‑specific shRNA. Lastly, upregulation 
of Sphk1 expression was attempted using the CRISPR/Cas9 
based transcription activation system. The result was presented 
in Fig. 3D. The Sphk1 expression level in L02 cells with SAM 
construct transfection was higher than in normal L02 cells, 
meaning that Sphk1 expression was successfully activated by 
the SAM construct (P<0.05). In summary, through shRNA or 

SAM construct transfection, it is possible to regulate Sphk1 
expression in normal liver and HCC cell lines.

Furthermore, the proliferation rate of cells with shRNA or 
SAM construct transfection was examined. The proliferation 
rate of HCC cells with Sphk1‑specific shRNA transfection was 
significantly lower than cells with negative control shRNA 
transfection (all P<0.05). In addition, the proliferation rate 
of normal liver cells with SAM construct transfection was 
notably higher than the cell without transfection (P<0.05; 
Fig. 3E). In general, the aforementioned results demonstrate 
that Sphk1 overexpression may promote cell proliferation, 
which may be one of the mechanisms that Sphk1 is involved 
in in tumor progression.

Clinical significance of Sphk1 expression in hepatocellular 
carcinoma. The clinicopathological data of the 127 patients 
enrolled in the present study was collected. The clinical 
significance of Sphk1 overexpression was then determined by 

Figure 3. Analysis of Sphk1 expression in normal liver and HCC cell lines. (A) Sphk1 mRNA expression in normal (L02) and tumor (HepG2 and HCC‑9724) 
cell lines. (B) Sphk1 protein expression in normal and tumor cell lines. (C) Sphk1 mRNA expression analysis of the HCC cell lines with sphk1‑specific shRNA 
transfection. (D) Sphk1 mRNA expression analysis of the normal liver cell line with CRISPR/Cas9‑based SAM construct transfection. (E) Cell Counting 
Kit‑8 assay to determine the cell proliferation rate of cell lines with and without shRNA or SAM construct transfection (***P<0.001; **P<0.01; *P<0.05). 
Sphk1, sphingosine kinase 1; HCC, hepatocellular carcinoma; SAM, synergistic activation mediator; shRNA, short‑hairpin RNA; NS, not significant; HepG2, 
hepatoblastoma G2; OD450, optical density at 450 nm.
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investigating the association between Sphk1 overexpression 
and clinicopathological characteristics of HCC patients. The 
results are summarized in Table I. Sphk1 expression status was 
significantly associated with tumor size (P=0.015), histological 
differentiation (P=0.018) and tumor stage (P=0.009), while no 
significant association was observed between Sphk1 expres-
sion level and age, gender, hepatitis B virus surface antigen 
(HBsAg) and α‑fetoprotein (AFP) (all P>0.05).

Sphk1 expression is an independent prognostic factor for 
recurrence‑free survival in patients with hepatocellular 
carcinoma. To confirm the role of Sphk1 as a predictor of 
recurrence‑free survival, survival analysis was performed in 
the HCC patients enrolled in the present study. As shown in 
Fig. 4, the patients with HCC that had high Sphk1 expression 
had shorter 5‑year survival rates compared with patients 
with low Sphk1 expression. In addition, univariate analysis 
demonstrated that Sphk1 expression (P=0.019), tumor size 
(P=0.036), tumor stage (P=0.026) and histological differ-
entiation (P=0.038) were significantly associated with the 
overall survival of patients with HCC (Table II). No signifi-
cant association was observed for age, gender, HBsAg, 
AFP and outcome of patients (all P>0.05). Furthermore, 
multivariate analysis was conducted using Cox proportional 
hazards model to analyze the significant variables in the 
univariate analysis. The results showed that Sphk1 expres-
sion was one of the independent prognostic factors for HCC 
patients, along with tumor size, tumor stage and histological 
differentiation.

Discussion

Hepatocellular carcinoma (HCC) is one of the leading causes 
of cancer‑associated morbidity and mortality worldwide. The 
lack of an efficient early diagnosis method may be responsible 
for that. Therefore, studies have focused their attention on 
molecular genetics and pathogenesis of HCC (16,17). Notably, 
rapid expansion of information was obtained from these 
studies, and new diagnostic markers were developed owing 
to this progression. However, the overall survival quality of 
patients with HCC remains unsatisfactory. Therefore, the 

molecular genetics of HCC and the molecular mechanism of 
hepatocarcinogenesis remain to be revealed.

Increasing studies have showed that Sphk1 is overexpressed 
in a number of human cancers, including head and neck, gastric, 
lung, colon and ovarian cancers. The link between Sphk1 
overexpression and carcinogenesis has been well established 
in the aforementioned cancers (5,9‑12). However, the role of 
Sphk1 overexpression in HCC remains elusive. Therefore, 
Sphk1 expression status of tissues obtained from patients with 
HCC was examined at the mRNA and protein level simultane-
ously. In the present study, the results revealed that Sphk1 was 
overexpressed in 73.23% patients enrolled in the present study. 
Furthermore, immunohistochemistry analysis demonstrated 
that Sphk1 overexpression is associated with tumor differ-
entiation. Notably, overexpression of Sphk1 was linked with 
well‑known cancer progression‑associated clinicopathological 
parameters, including tumor size, tumor stage and histological 
differentiation, which implies that Sphk1 overexpression may 
be a valuable contributing factor in HCC progression.

In order to evaluate the mechanism of Sphk1 overexpres-
sion in HCC, Sphk1 expression was examined in HCC cell 

Table II. Univariate analysis and multivariate analysis of overall survival.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Sphk1	 2.150	 1.051‑4.395	 0.019	 2.021	 1.011‑4.037	 0.017
Age	 1.025	 0.522‑2.014	 0.424	 ‑	 ‑	 ‑
Gender	 1.116	 0.563‑2.212	 0.375	 ‑	 ‑	 ‑
Tumor size	 2.204	 1.026‑4.737	 0.036	 1.883	 0.960‑3.693	 0.031
HBsAg	 1.583	 0.765‑3.275	 0.071	 ‑	 ‑	 ‑
Histological differentiation	 2.011	 0.960‑4.213	 0.038	 1.851	 0.936‑3.659	 0.033
AFP	 1.316	 0.651‑2.664	 0.120	 ‑	 ‑	 ‑
Tumor stage	 2.087	 1.009‑4.316	 0.026	 1.848	 0.935‑3.654	 0.034

Sphk1, sphingosine kinase 1; HR, hazard ratio; CI, confidence index; HBsAg, hepatitis B virus surface antigen; AFP, α‑fetoprotein.

Figure 4. Overall survival rate assessed by Kaplan‑Meier curves. Patients with 
Sphk1 overexpression in hepatocellular carcinoma cells have shorter 5‑year 
survival rates compared with patients that have Sphk1 underexpression.
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lines and normal liver cell lines. Consistent with the previous 
results obtained from human cancers and our result from HCC 
tissues, the present study demonstrated that the mRNA and 
protein level of Sphk1 are significantly elevated in HCC cell 
lines (all P<0.001). In addition, sphk1 expression in normal 
liver cell lines was upregulated by CRISPR/Cas9 based syner-
gistic activation mediator construct, while sphk1 expression 
in HCC cell lines was downregulated through sphk1‑specific 
shRNA. Based on these findings, the cell proliferation rate of 
the normal liver cell line, HCC cell lines and engineered cell 
lines constructed in the present study were further assessed. 
The data suggested that sphk1 overexpression could prompt 
cell proliferation and this effect may explain the role of sphk1 
overexpression in HCC. Notably, the 5‑year survival rates of 
HCC patients with high sphk1 overexpression were low. In 
the end, the association of clinicopathological parameters 
and survival rates of patients with HCC were analyzed using 
univariate and multivariate analysis methods. Sphk1 overex-
pression was revealed to be an independent indicator for poor 
prognosis of HCC patients.

In conclusion, results drawn from the present study are 
consistent with previous studies demonstrating an association 
between increased sphk1 expression and aggressive oncogenic 
behaviors including tumor size and histological differentiation. 
To the best of our knowledge, this is the first study to reveal the 
expression status and clinical significance of sphk1 in HCC. 
Therefore, a valuable molecular target for the diagnosis and 
treatment of HCC has been provided.
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