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Abstract
Background  Intestinal epithelial injury in septic patients predicts subsequent development of multiple organ failure, but its 
regulation by host factors remains unclear. Sphingosine kinase 1 is an enzyme-regulating inflammatory response.
Methods  Cecal ligation and puncture was used to induce sepsis in C57BL/6 mice with and without N,N-dimethylsphingosine, 
a SphK1 inhibitor. Symptom severity was monitored by murine sepsis severity score. The intestinal barrier function was deter-
mined using 4KDa fluorescein-dextran. Bacterial load in the bloodstream was determined by 16S rRNA gene amplification.
Results and conclusions  Our preliminary experimental data showed that expression of sphingosine kinase 1 in ileum was 
increased by sixfold in septic mice. Pharmacological blockade of sphingosine kinase 1 alleviated septic symptoms. The intes-
tinal permeability and bacterial load in the bloodstream were also reduced in these animals. We hypothesized that inhibition 
of sphingosine kinase 1 may reduce pro-inflammatory cytokine production, and alleviate intestinal epithelial injury during 
sepsis. Further mechanistic studies and clinical specimen analyses are warranted.

Keywords  Sepsis · Sphingosine kinase 1 · Intestinal epithelium · Caecal ligation and puncture

Introduction

Sepsis is a state of organ dysfunction as a result of altered 
host response to an infection which involves multiple cel-
lular pathways [1]. Accumulating evidence suggests that the 
intestinal epithelium segregating the intestinal lumen from 
the blood circulation could be altered. This manifested as 
increased apoptosis, disrupted tight junctions, and height-
ened permeability [2, 3]. In clinical settings, abnormal intes-
tinal permeability has been reported in critically ill patients 
whose clinical outcomes were associated with the degree 
of its permeability change [3]. In this connection, attempts 

were sought to sustain the gut barrier function in systemic 
inflammation as in sepsis.

Sphingosine kinase 1 (SphK1) is an enzyme catalyzing 
the formation of sphingosine-1-phosphate (S1P), which 
is responsible for the downstream nuclear factor kappa B 
(NFkB)-mediated pro-inflammatory cytokine production. It 
was anticipated that SphK1 inhibition could control inflam-
mation and its associated tissue injury. In SphK1-depleted 
(SphK1−/−) mice treated with dextran sulfate sodium (DSS), 
they exhibited less colonic damage, were protected against 
the development of systemic inflammation, and reduced 
production of pro-inflammatory cytokines [4]. In endothe-
lial cells exposed to activated neutrophils, the endothelial 
permeability increased but was significantly alleviated by 
pharmacological blockade of SphK1 using N,N-dimethyl-
sphingosine, a potent SphK1 inhibitor [5]. In a rat endo-
toxemia model, suppression of SphK1 reduced myocardial 
apoptosis and inflammation [6]. Importantly, ongoing clini-
cal trials have highlighted the therapeutic potential of target-
ing SphK1–S1P axis in inflammatory diseases [7]. Neverthe-
less, the role of SphK1 in sepsis-associated intestinal barrier 
dysfunction has not yet been reported.
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Materials and methods

Mouse strain and experimental sepsis

C57BL/6 mice were used in this study. Cecal ligation and 
puncture (CLP) was used to induce sepsis in these animals 
[8]. Briefly, mice that were 8–10 weeks old were anesthetized 
with 3% isoflurane during which a 1-cm midline incision was 
made on the anterior abdomen. The cecum was exposed and 
ligated, and the distance from the distal end of the cecum to 
the ligation point was approximately 1 cm. A double puncture 
was made with a 22-gauge needle to induce sepsis. The cecum 
was squeezed to allow the cecum contents to flow through the 
punctures. The cecum was then placed back in the abdominal 
cavity, and the peritoneal wall, and skin incision was closed. 
Sham-operated animals underwent identical laparotomy, but 
the cecum was neither ligated nor punctured. The survival 
rates and severity of the septic animals were recorded daily 
until 7 days after the surgery with reference to murine sepsis 
severity (MSS) score as previously described [9]. At any given 
time point of observation, mice with a MSS score more than 
21 or had an increment of more than 3 points between two 
consecutive observations was euthanized. To ensure consist-
ency of the performance of the experiments, the number of 
puncture, proportion of cecal ligation, and animal demograph-
ics including age, sex, and strains were kept the same. All mice 
were fasted overnight before CLP to minimize the variation of 
fecal content between animals.

Intestinal permeability, tissue apoptosis and SphK1 
activity

The animals were gavaged with 4 kD fluorescein isothiocy-
anate (FITC)-dextran (500 mg/kg body weight in a 50 mg/
mL concentration) after CLP using a 4-cm long, curved nee-
dle with a plastic ball at a tip. After the animals were sacri-
ficed, the blood was collected and the intensity of FITC was 
determined by a fluorometer using an excitation wavelength 
of 488 nm and detecting the emission at 520 nm. Total pro-
teins were extracted from ileal tissues using standard methods 
followed by immunoblotting with antibodies against cleaved 
poly (ADP-ribose) polymerase (PARP) and beta-tubulin. The 
expression of gene encoding SphK1 and its activity level 
were measured by real-time polymerase chain reaction and 
enzyme-linked immunosorbent assay (Mouse SphK1 ELISA, 
R&D Systems), respectively, according to manufacturer’s 
instructions.

Ethical statement

The conduct of the above animal experiments was 
approved by the animal experimentation ethics commit-
tee of the Chinese University of Hong Kong.

Results and discussion

In the animal group that underwent CLP, the level of 
SphK1 increased considerably up to sixfold as compared 
to the sham-operated group (Fig. 1). To confirm the protec-
tive function of SphK1 inhibition in sepsis, we performed 
CLP in mice with and without N,N-dimethylsphingosine, 
a SphK1 inhibitor. In this regard, mice that received N,N-
dimethylsphingosine not only showed milder symptoms as 
revealed by the MSS score, but also had a reduced level of 
circulating bacteria of potential origin from the gut. Impor-
tantly, the gut permeability, as evidenced by the measure-
ment of FITC dextran, reduced in the animal group treated 
with N,N-dimethylsphingosine. It was demonstrated that the 
increase of mRNA level of SphK1 was dependent on the 
severity of sepsis symptoms as varied by the point of liga-
tion at the distal ileum. Similarly, the expression of SphK1 
and enzyme activity increased significantly over time after 
CLP. More importantly, the SphK1 activity was significantly 
correlated with the level of cleaved PARP, an effector pro-
tein of active apoptosis, indicating that sepsis-induced epi-
thelial injury was associated with SphK1 expression. Cecal 
ligation and puncture is regarded as the gold standard for 
inducing experimental sepsis, in which the animals develop 
an initial hyperdynamic cardiovascular response similar to 
human sepsis [8]. In our experiments, we compared animals 
treated with SphK1 inhibitor to sham-operated animals for 
their outcomes following CLP. Our results suggested that 
inhibition of SphK1 may prevent intestinal epithelial apop-
tosis and reduce the gut permeability under systemic inflam-
mation such as sepsis. SphK1 is known to activate NFkB in 
mediating inflammatory response [10]. In this regard, char-
acterization of activity pertinent to the NFkB pathway will 
be beneficial. The activation status of NF-kB signaling can 
be determined by measuring the levels of IKKa, a catalytic 
subunit of IKK complex that degrades IkBa, total and phos-
phorylated IkBa and nuclear NF-kB2 (p52/p100), NF-kB1 
(p50/p105), cRel, RelA/p65, and RelB, using immunoblot-
ting. The activities of NF-kB in the intestinal tissues subject 
to induction of sepsis could be determined by Cignal dual 
luciferase assay (Qiagen), which measures the activity of 
pathway-specific transcription activities.

In the future, more evidence would be required to 
confirm the therapeutic potential of SphK1 inhibitor in 
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protecting against intestinal epithelial injury in sepsis. 
Demonstrating such effects would have significant thera-
peutic implications. Clinical sample analysis is warranted 
to determine the positive association, if any, between 
SphK1 activity and intestinal mucosal damage in septic 
patients.
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