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The Role of Sphingosine Kinase 1 in Patients With Severe
Acute Pancreatitis

Qiurong Li, MD, Chenyang Wang, MS, Qiang Zhang, MS, Chun Tang, BM, Ning Li, MD, and Jieshou Li, MD

Objective: To investigate the role of sphingosine kinase 1 (SphK1)/
sphingosine 1-phosphate (S1P) signaling in inflammatory response in severe
acute pancreatitis (SAP).
Background: SAP is an acute inflammatory process of the pancreas, which
may lead to systemic inflammatory response syndrome and multiorgan dys-
function syndrome. SphK1 and its product S1P have been implicated in inflam-
matory response and various immune cell functions. However, the potential
role for SphK1/S1P in inflammatory response in SAP is still unclear.
Methods: Twenty-two patients with SAP were enrolled in this study. SphK1
expression on peripheral neutrophils, monocytes, and lymphocytes was eval-
uated by flow cytometry. SphK enzymatic activity in neutrophils and lym-
phocytes was measured using a radiometric assay. The expression of S1P1
and S1P3 mRNA was determined by reverse transcriptase-polymerase chain
reaction (RT-PCR). The serum levels of tumor necrosis factor-α (TNF-α),
interleukin-1 (IL-1β), and IL-6 were measured by ELISA.
Results: The expression of SphK1 and SphK activity were markedly increased
in peripheral immune cells in the early stage of SAP and then reduced in the
restoration stage in the patients. Moreover, we found that the level of S1P3
mRNA in peripheral neutrophils and lymphocytes of SAP patients was signifi-
cantly elevated in the early stage as compared with the healthy volunteers, and
it reduced in the restoration period. SphK1 expression on human peripheral
neutrophils, monocytes, and CD4+ T lymphocytes were positively correlated
with the APACHE (Acute Physiological and Chronic Health Evaluation) II
scores in patients with SAP. The levels of serum proinflammatory cytokines
including TNF-α, IL-1β, and IL-6 showed similar shifts with intracellular
SphK1 expression in SAP patients.
Conclusions: The authors identified a link between the SphK1 expression
on peripheral immune cells and the severity of SAP. Observations showed
a possible immunomodulating role for SphK1/S1P signaling in inflamma-
tory response in SAP, suggesting that regulation of SphK1/S1P pathway may
represent novel targets in the treatment of SAP.

(Ann Surg 2012;255:954–962)

S evere acute pancreatitis (SAP) is an acute inflammatory process
of the pancreas that leads to systemic inflammatory response

syndrome (SIRS) and multiorgan dysfunction syndrome (MODS)
with high morbidity and mortality.1 A third of patients with SAP
develop infectious complications that may explain up to 20% to 60%
of deaths.2–8 Systemic inflammation in SAP is considered to con-
tribute to the development of MODS and subsequent mortality.9–11
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Previous studies have shown that pancreatic injury is activated by
inflammatory cells including neutrophils, macrophages, and lympho-
cytes and that it is mediated by the release of proinflammatory medi-
ators such as tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1),
IL-6, and IL-8, which are correlative with the severity and progno-
sis of acute pancreatitis.12,13 Despite intense research in receiving
anticytokine treatment, the mortality rates are still high, suggest-
ing that other mediators might be involved in the pathogenesis of
SAP. Although a great deal is known regarding etiology of SAP, the
molecular and pathophysiological mechanisms underlying it remain
unclear.14

Sphingosine kinase (SphK) is an intracellular signaling en-
zyme that catalyzes the phosphorylation of sphingosine to sphingo-
sine 1-phosphate (S1P).15 SphK1, 1 of 2 SphK isoforms, is merging
as an important mediator in inflammatory responses and has been
extensively implicated in these processes. SphK1 is activated by sev-
eral proinflammatory stimuli including endotoxin,16 TNF-α,17,18 and
IL-1β.18 Other inflammatory signaling molecules, such as
interferon-γ (IFN-γ ), IgE, and C5a, have also been shown to ac-
tivate SphK1, further suggesting the importance of SphK1 in the
inflammatory response.19 SphK1 mRNA synthesis is increased under
inflammatory conditions.18 The activation of SphK1/S1P pathway is
required for the downstream signaling, which would induce the pro-
duction of proinflammatory cytokines.16–20 And the pivotal roles for
SphK1 and S1P in inflammatory response have been documented.20

Recently, it has become clear that SphK1 regulates endotoxin sig-
naling and sepsis-induced inflammatory responses and inhibition of
SphK1 is a potential therapy for septic shock.16 The ability of SphK1
to mediate inflammatory responses prompted us to investigate its role
in inflammation in SAP patients.

In addition to their roles in inflammatory signaling, SphK1 and
S1P have also been implicated in regulating immune cells such as
neutrophils, monocytes, and lymphocytes involved in inflammatory
response.16,21–23 Several proinflammatory stimuli, including TNF-α,
C5a, and immune complexes, activate SphK1 in human neutrophils
and macrophages.16,21–23 It has been shown that SphK1 regulates neu-
trophil priming to provide an essential defense against infections.24

SphK1 is considered to act through S1P to modulate lipopolysac-
charide (LPS)-induced activation of mitogen activated protein kinase
(MAPK) and nuclear factor κB(NFκB) in inflammatory cascade in
neutrophils and in macrophages.25–27 SphK1 is a critical regulator in
TNF-α–mediated proinflammatory responses in human monocytes.28

SphK1/S1P participates in several inflammatory responses, includ-
ing leukocyte chemotaxis27,28 and cytokine production, and blockade
of SphK activity inhibits such responses.27–30 However, the role of
SphK1/S1P in regulating immune cell functions in inflammatory re-
sponse in SAP has not yet been defined.

We report here that SphK1 expression and its activity are upreg-
ulated on peripheral neutrophils, monocytes, and lymphocytes in SAP
patients. We further identify that SphK1 expression on neutrophils,
monocytes, and CD4+ T lymphocytes is positively correlative with
severity of SAP disease. SphK1 may participate in modulating inflam-
matory response in SAP via S1P3 signaling. These results implicate
a possible role for the SphK1/S1P pathway in inflammatory response
in SAP.
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METHODS
Patients

Twenty-two SAP patients admitted to Jinling Hospital from
January 2009 to October 2010 were involved. SAP is defined as the
presence or absence of organ failure; local complications such as
pancreatic necrosis abscess, or pseudocyst; or both.31 All patients
enrolled were evaluated according to the Acute Physiological and
Chronic Health Evaluation (APACHE) II score. The clinical data
including etiology, ICU (intensive care unit) days, and outcome were
recorded as well. Twelve healthy volunteers matched for age and sex
served as control subjects. The protocol of this study was approved
by the Human Subjects Institutional Committee of Jinling Hospital.
All patients and volunteers gave informed consent before entry into
the study.

Reagents
Fluorescein isothiocyaniate (FITC)–conjugated anti-CD4,

Phycoerythrin (PE)-conjugated anti-CD8, PerCP-conjugated anti-
CD3, FITC-conjugated anti-CD16, FITC-conjugated anti-CD14, and
PE-anti-human leucocyte antigen-DR(HLA-DR) antibodies were all
purchased from Becton Dickinson (BD Biosciences, San Jose, CA).
The monoclonal antibody against human SphK1 was obtained from
Cell Signaling Technology (Beverly, MA). Secondary antibodies con-
jugated to Allophycocyanin (APC) were from Jackson ImmunoRe-
search Lab (Baltimore, PA). D-Erythro-[3–3H] sphingosine was a
product of Perkin Elmer Life Sciences Inc (Boston, MA).

Determination of Clinical Parameters
Serum levels of amylase, lipase, and C-reactive protein (CRP)

in SAP patients were measured using the Olympus AU400 Auto-
mated Chemistry Analyzer (Olympus, Tokoyo, Japan) at 1-day in-
tervals from either a peripheral or a central vein. White blood cell
differential counts were conducted routinely for patients with SAP by
a COULTER LH instrument (Beckman-Coulter Inc, Fullerton, CA).

Human lymphocyte Subpopulations
Lymphocyte subpopulations in peripheral blood were detected

by flow cytometry according to manufacturer’s instructions. 0.1 mL
of whole blood was incubated with 10 μL of CD3/CD4/CD8 mon-
oclonal antibodies for 15 minutes at room temperature in the dark.
The red blood cells were then lysed using FACS lysing solution (BD
Biosciences, San Jose, CA) for 15 minutes. After centrifuged at 800 g
for 5 minutes, the cell pellets were washed 3 times and immediately
run on a FACSCalibur flow cytometer (BD Biosciences, San Jose,
CA). Data were analyzed using CellQuest software (BD Biosciences,
San Jose, CA) and the results were expressed as the percentages of
CD4-, CD8-positive cells in the lymphocytes.

HLA-DR Expression on Monocytes
The whole blood was sampled as that for lymphocyte subpop-

ulations analysis. Blood was incubated with monoclonal antibodies
against human HLA-DR and CD14. A mouse IgG2b isotype conju-
gated with PE was used as negative control. And a monocyte gate
was set by the CD14+ group. HLA-DR expression on monocytes was
determined using flow cytometry and the data were analyzed with
CellQuest software.

Assay of TNF-α, IL-1β, and IL-6 in Serum
Serum was collected from the peripheral venous blood of

the patients and healthy subjects. The levels of TNF-α, IL-1β, and
IL-6 were measured by ELISA kits (R&D Systems, Abingdon, UK)
in accordance with the manufacturer’s protocols. The lower limit of
detection for TNF-α, IL-1β, and IL-6 was 10 pg/mL.

Flow Cytometry Analysis of SphK1 Expression
The expression of SphK1 on neutrophils, monocytes, and

lymphocytes was determined by 4-color flow cytometry analysis.
Briefly, the whole blood was incubated with CD16, CD14, and
CD3/CD4/CD8 monoclonal antibodies, respectively. The erythro-
cytes were lysed using FACS lysing solution. Cells were then fixed
with formalin and permeabilized with Cytofix/Cytoperm solution
(BD Biosciences, San Jose, CA). After stained with human SphK1
monoclonal antibody, followed by APC-conjugated anti-mouse IgG,
cells were analyzed with a FACSCalibur flow cytometer. Data were
analyzed using CellQuest software, and the results were expressed as
percentage and mean fluorescence intensity (MFI) of SphK1 positive
cells. The correlation between SphK1 expression on peripheral neu-
trophils, monocytes, and lymphocytes and the APACHE II scores of
SAP patients were analyzed using Pearson test.

Isolation of Primary Human Neutrophils
and Lymphocytes

Neutrophils and lymphocytes from the peripheral blood were
isolated by density gradient centrifugation (Ficoll–Hypaque medium:
Pharmacia, Piscataway, NJ) according to the manufacturer’s proce-
dures. The cells (2 × 106 cells/mL) were resuspended in RPMI-1640
medium containing 10% fatal bovine serum and frozen in liquid ni-
trogen until use.

SphK Activity Assay
SphK activity in the neutrophils and lymphocytes was mea-

sured as described previously with minor modification.32 In brief,
cells were resuspended in ice-cold 0.1 M phosphate buffer (pH 7.4)
containing 20% glycerol, 1 mM mercaptoethanol, 1 mM EDTA, 20
mM ZnCl2, 1 mM sodium orthovanadate, and 15 mM sodium fluoride
and 0.1% protease inhibitor mixture solution, and sonicated (4× 10-s
bursts, Ultrasonic disrupter Virsonic 100, Virtis Co, Gardiner NY).
The cell lysates were centrifuged at 10000 g for 20 minutes and the su-
pernatants were subjected to SphK activity assay. [3–3H]sphingosine
was used as substrate and the radioactive S1P formed was determined
using a Beckman LS6500 Scintillation Counter. SphK activity was
expressed as pmol/mg/min.

Total RNA Extraction
Total RNA was extracted from isolated neutrophils or lym-

phocytes of SAP patients and healthy subjects using TRIzol reagent
(Invitrogen, Carlsbad, CA) following the instructions. The extracted
RNA samples were treated with DNaseI (Ambion, Austin, TX). The
concentration and purity of RNA were determined by measuring the
absorbance at 260 nm and 280 nm using a Beckman spectrophotome-
ter (Beckman-Coulter Inc, Fullerton, CA).

RT-PCR Analysis
cDNA was synthesized using an A3500 reverse transcript sys-

tem (Promega, Madison, WI). The reaction mixture included 1 μg of
total RNA, 4 μL MgCl2 (25 mM), 2 μL 10× reverse transcriptase
buffer, 1 μL dNTPs (10 mM), 1 μL random primers (500 μg/mL),
1 μL avian myeloblastosis virus (AMV) reverse transcriptase (10
U/μL), and 0.5 μL recombinant RNase inhibitor (40 U/μL). Reverse
transcription was performed at 37◦C for 60 minutes followed by 95◦C
for 5 minutes. PCR amplication was performed with 50 μL mixture
containing 5 μL 10× PCR buffer, 1 μL dNTP mixture (2.5 mM
each), 1 μL each primer (10 nM), 0.5 μL Taq polymerase (5 U/μL),
39.5 μL sterile water, and 2 μL cDNA template. The primer sets
were shown in Table 1. The conditions for thermal cycling were as
follows: predenature at 95◦C for 5 minutes; 40 cycles of 95◦C for 15
seconds, annealing for 30 seconds, and 72◦C for 30 seconds. PCR

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

C© 2012 Lippincott Williams & Wilkins www.annalsofsurgery.com | 955



Li et al Annals of Surgery � Volume 255, Number 5, May 2012

TABLE 1. Primers Used for RT-PCR

Primer Sequence

mRNA Targets Sense Antisense Amplicon (bp)

hS1PR1 5’-TATCAGCGCGGACAAGGAGAACAG-3’ 5’-ATAGGCAGGCCACCCAGGATGAG-3’ 429
hS1PR3 5’-CTGCCTGCACAATCTCCCTGACTG-3’ 5’-GGCCCGCCGCATCTCCT-3’ 394
hGAPDH 5’-GATGACATCAAGAAGGTGGTGAA-3’ 5’-GTCTTACTCCTTGGAGGCCAT GT-3’ 246

products were analyzed on a 2% (W/V) agarose gel electrophore-
sis. The gels were then stained with ethidium bromide (500 ng/mL)
and photographed by the ChemiDOC XRS instrument (Bio-Rad).
Band intensities were quantified with QuantityOne analysis software
(Bio-Rad). The levels of S1P1 and S1P3 mRNA expression in the
neutrophils and lymphocytes were normalized to GAPDH mRNA
expression.

Statistical Analysis
All data were presented as mean ± SD or percentage as indi-

cated. Statistical analysis was performed with SPSS software (SPSS
Inc, version 13.0, Chicago, IL). And the Mann-Whitney U test was
used to compare continuous variables. A P < 0.05 was considered
statistically significant. For detection of correlation, we performed
linear regression analysis using Pearson test.

RESULTS
Clinical Characteristics in SAP Patients

Twenty-two SAP patients aged 24 to 71 years (median age 44.1
years with 11 women and 11 men) were studied. Healthy controls
consisted of 7 male and 5 female with an average age of 42.5 years
(26–65 years). Clinical characteristics of the patients enrolled were
presented in Table 2. The causes of SAP were identified as follows:
biliary origin in 14 (64%), alcoholism in 2 (9%), hyperlipidemia
in 3 (14%), and others in 3 (14%). The average APACHE II score
of patients on admission were 10.6 ± 2.4 (range, 6–17). Five of
them underwent surgery after 2 weeks of hospitalization and 1 died
after surgery due to the fulminate MODS. The mean ICU stay of
SAP patients was 18 ± 5 days. All patients were treated according
to a standardized interdisciplinary management protocol, including
fasting, fluid infusion, intravenous antacid, somatostatin, prophylactic
antibiotics, organ function protection, and intensive care.

Biochemical Data
Figure 1 showed the shifts of the routine laboratory parameters

including serum amylase, lipase, and CRP in the patients with SAP.
Serum levels of amylase and lipase were significantly augmented on
days 1 and 3 and then reduced to normal on day 5 of SAP. Serum
CRP values were also markedly elevated and reached to peak on
day 3 in SAP patients (Fig. 1C). The levels of serum CRP were still
much higher in the patients than that in the controls (<10 mg/L) until
day 14.

The Peripheral Blood Cell Counts
The peripheral leucocyte and neutrophils were significantly

raised in SAP patients as compared with healthy controls (P < 0.01)
and held during the first week of SAP (Figs. 2A, B). Subsequently,
neutrophils and leucocytes decreased to normal. In contrast, lympho-
cyte and monocyte counts in the peripheral blood markedly reduced
in patients in the early stage of SAP and raised gradually thereafter
(Figs. 2C, D). On day 7, all the patients were found to recover from
the lymphopenia and monocytopenia.

TABLE 2. Clinical Characteristic in 22 Patients With
SAP and 12 Healthy Subjects

Characteristic SAP (n = 22)
Healthy Controls

(n = 12)

Median, age (range), yrs 44.1 (24–71) 42.5 (26–65)
Sex
Male/female 11/11 7/5
Etiology
Biliary 14 (64%)
Alcohol 2 (9%)
Hyperlipemia 3 (14%)
Other 3 (14%)
APACHE II score 10.6 ± 2.4
ICU stay (d) 18 ± 5
Mortality 1 (4.5%)

Analysis of Lymphocyte Subpopulations
The results of lymphocyte subpopulations analysis were shown

in Figs. 3A and B. In the early stage, the percent of CD4+ T lym-
phocytes was 27.5% ± 7.0% and it was much lower compared to
the healthy controls (37.5 ± 3.9%, P < 0.01) (Fig. 3A). The percent
of CD4+ T cell was significantly elevated in the restoration stage.
There was no significant difference, however, in the percent of CD8+

T lymphocytes between SAP patients and healthy controls (Fig. 3A).
The ratio of CD4+/CD8+ lymphocytes was significantly reduced in
the early stage in SAP patients (P < 0.05) (Fig. 3B).

HLA-DR Expression on Monocyte in SAP Patients
Monitoring of HLA-DR expression is a useful marker for iden-

tifying monocyte function that is closely correlated with the clinical
course in AP. We measured the expression of HLA-DR on monocytes
in SAP patients in the early and restoration stage (Fig. 3C). In the
early stage of SAP, the percentage of HLA-DR expression on mono-
cytes was 31.1% ± 13.6%, which was lower than healthy controls
(91.2% ± 5.1%, P < 0.01). HLA-DR expression on monocytes in-
creased to 73.4% ± 13.1% in SAP patients. We then analyzed the
correlation between HLA-DR expression and APACHE II scores in
patients. And a negative correlation was identified between HLA-DR
expression and APACHE II scores in SAP patients (r = −0.489, P =
0.021) (Fig. 3D).

Changes in Serum Cytokine Levels
Proinflammatory cytokines such as TNF-α, IL-1β, and IL-6

are produced predominantly by activated leukocytes such as neu-
trophils, monocytes, and macrophages. Thus we investigated the
changes of serum cytokine levels in SAP patients. The results showed
that the concentration of serum TNF-α, IL-1β, and IL-6 were in-
creased in the early stage by 14.7, 15.2, and 15.2 folds, respectively
(P < 0.01) (Fig. 4). Moreover, the serum concentration of the cy-
tokines markedly reduced in the restoration stage (P < 0.01, as com-
pared to the early stage), and it was still higher than healthy controls
(P < 0.05).
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FIGURE 1. Serum amylase (A), lipase (B), and C-reactive protein
(CRP) (C) levels in SAP. The 3 laboratory parameters from the
onset of the pancreatitis and throughout the 14 days study
period were measured. Data were presented as mean ± SD.

Activation of SphK1 Expression in SAP Patients
Previous studies demonstrated that SphK1 expression was

strongly upregulated by extracellular bacteria, LPS, and TNF-α on hu-
man neutrophils and macrophages.16 We investigated for the first time
the expression of SphK1 in peripheral neutrophils, monocytes, and
lymphocytes in SAP patients and analyzed the correlation between
SphK1 expression and severity of SAP. In peripheral neutrophils, the
level of SphK1 expression was markedly elevated at the attack of
SAP, which was much higher than that of the controls (62.4 ± 8.5
vs 39.4 ± 5.1, P < 0.01) (Figs. 5A, B). The MFI in neutrophils was
decreased to 47.6 ± 5.7 when the patients were recovered from SAP
(P < 0.01). But it was still higher compared with healthy controls
(P < 0.05). SphK1 expression on neutrophils was positively correla-
tive with APACHE II scores of SAP patients (r = 0.701, P < 0.001,
Fig. 5C).

The expression of SphK1 on the monocytes was also found
to be significantly increased in the early stage (45.9 ± 7.5 vs 28.9
± 4.0, P < 0.01) (Figs. 5D, E). There was a significant decrease in
the expression of SphK1 on the monocytes in SAP patients in the
restoration stage (P < 0.05). A significant positive correlation was
presented between SphK1 expression on the monocytes and APACHE
II scores (r = 0.545, P < 0.01, Fig. 5F).

We next determined the changes of SphK1 expression on the
lymphocytes (Fig. 6C). In the early stage of SAP, the percent of
SphK1+ cells in CD4+ and CD8+ T lymphocytes were respectively

FIGURE 2. The peripheral blood cell counts in SAP patients.
A significant increase in the number of peripheral leucocyte
(A) and neutrophils (B), and dramatic reduction in lymphocyte
and monocyte counts were observed at the onset of SAP. The
counts of the peripheral blood cells recovered to normal on
day 7.

17.5% ± 2.9% and 14.9% ± 2.7%, which were higher than in the
healthy controls (6.4% ± 1.5% and 8.2% ± 1.1%, P < 0.01). Sim-
ilarly, SphK1 expression on CD4+ and CD8+ T lymphocytes was
also augmented at the early stage of SAP (43.0 ± 5.1 vs 29.4 ± 3.3,
P < 0.01; 40.8 ± 4.0 vs 33.9 ± 3.0, P < 0.05; compared with healthy
controls) (Fig. 6D). The percent and MFI of SphK1 on T lympho-
cytes were all recovered to levels of controls at the restoration stage.
The expression of SphK1 on CD4+ T lymphocytes was positively
correlated with the APACHE II scores (r = 0.624, P < 0.01, Fig.
6E). However, there was no correlation between SphK1 expression
on CD8+ T lymphocytes and APACHE II scores of SAP patients
(r = 0.368, P > 0.05, Fig. 6F).

Our findings showed that expression of SphK1 on peripheral
neutrophils, monocytes, and lymphocytes was strongly upregulated
in the early stage. We identified that there was positive correlation
between the SphK1 expression in peripheral neutrophils, monocytes,
and CD4+ T lymphocytes and APACHE II scores in SAP patients,
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FIGURE 3. Changes in lymphocyte subpopulations and HLA-
DR expression in SAP patients. A, Proportion of CD4+ and
CD8+ T lymphocytes in SAP patients. B, Comparison of per-
centages changes in the ratio of CD4+/CD8+ lymphocytes. C,
HLA-DR downregulation on monocytes as determined by flow
cytometry. Percentages indicate the proportion of monocytes
positive for HLA-DR antigens. D, Negative correlation between
APACHE II values and the proportion of HLA-DR-positive mono-
cytes. ∗∗P < 0.01, ∗P < 0.05 (early stage vs control) and ‡‡P <
0.01, ‡P < 0. 05 (restoration vs early stage).

suggesting that SphK1 expression may be served as a novel predictor
for the diagnosis of the severity of SAP.

Upregulation of SphK Activity in SAP Patients
SphK activity, quantitated as the phosphorylation of sphingo-

sine to S1P, was determined in SAP patients. As shown in Figure 7,
direct measurement of SphK activity showed that the enzyme was
activated in SAP patients in the early stage, which was in consistence
with the elevated expression of SphK1. In the neutrophils from the
patients, SphK activity was increased by 52.3% as compared with the
healthy volunteers. Similar responses were presented in the lympho-
cytes, in which SphK activity also increased at the early stage of SAP.
But there was no significant difference in SphK activity between SAP
patients and the healthy controls. Furthermore, in the neutrophils of
SAP patients, a reduction in SphK activity was noticed in the restora-
tion stage. Similarly, the results demonstrated that SphK activity in the

FIGURE 4. The levels of the proinflammatory mediators
(TNF-α, IL-1β, and IL-6) in the serum of SAP patients. SAP
patients demonstrate higher levels of TNF-α, IL-1β, and IL-6
during hospitalization. ∗∗P < 0.01 (early stage vs control) and
‡‡P < 0.01, ‡P < 0.05 (restoration vs early stage).

lymphocytes recovered to normal level when the patients discharged
from hospital. The decrease in SphK activity was in line with the de-
duced expression of SphK1, indicating that changes in SphK activity
in SAP patients may be ascribed to decreased SphK1 expression.

The Expression of S1P Receptors mRNA
in SAP Patients

To investigate the signaling mechanisms of S1P involved in
SAP, we examined the expression of S1P1 and S1P3 mRNA in isolated
neutrophils and lymphocytes by reverse transcriptase-polymerase
chain reaction (RT-PCR) analysis. As shown in Fig 8A, the expression
of S1P3 mRNA in neutrophils was markedly increased by 1.64 folds
in the early stage of SAP in comparison to the healthy volunteers (P <
0.01). Thereafter, the level of S1P3 mRNA was lowered in neutrophils
from SAP patients in the restoration (P < 0.05). Similar results were
presented in the lymphocytes (Fig. 8B). Elevated expression of S1P3
mRNA was found in lymphocytes in the early stage, which was 1.42
folds higher than that in the healthy controls (P < 0.05). The S1P3
mRNA level in lymphocytes was markedly reduced in the restoration
stage (P < 0.05). Differing from S1P3, the expression of S1P1 mRNA
in the neutrophils and the lymphocytes had no significant difference
between the SAP patients and the healthy controls. These data in-
dicated that S1P3 may be involved in the inflammatory response in
SAP.

DISCUSSION
The studies have shown that SphK1 and its product S1P are

served as important mediators and closely involved in inflammation
and inflammatory disease including sepsis,16 asthma,30 rheumatoid
arthritis (RA),33 and inflammatory bowel disease (IBD).34,35 SphK1
has been established to play critical roles in modulating sepsis-
induced inflammatory response. The blockade of SphK1 inhibits the
secretion of inflammatory mediators such as TNF-α, IL-1β, and IL-6
in mice with sepsis.16 The expression of SphK1 was increased in IBD
and SPHK1 gene deficiency could strikingly decrease the systemic
inflammatory response in a mice model with dioctyl sodium sulfo-
succinate (DSS)-induced colitis.35 The specific role of SphK1/S1P
involved in inflammatory response is unclear in SAP. In the present
study, we investigated the expression of SphK1 and S1P receptors
in the immune-effector cells including neutrophils, monocytes, and
lymphocytes, in an effort to identify the role for SphK1/S1P in
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FIGURE 5. The elevated SphK1 expression in SAP patients and the positive correlation between the SphK1 expression in neu-
trophils and monocytes and APACHE II score. A, D, Flow cytometric analysis of intracellular SphK1 expression in neutrophils (A)
and monocytes (D). Neutrophils and monocytes were stained with FITC-CD16 and FITC-CD14 antibody, respectively. Isotype
control indicates staining of cells with an isotype control antibody. B, E, Mean fluorescent intensity of SphK1 positive cells.
∗∗P < 0.01, ∗P < 0.05 (early stage vs control) and ‡P < 0.05 (restoration vs early stage). C, F, Analysis of correlations showed that
SphK1 expression in peripheral neutrophils and monocytes were positively associated with APACHE II scores in patients with SAP
(P < 0.01).

modulating inflammatory response in SAP. The findings raised a
possibility that the role of SphK1 in inflammatory response may be
mediated via S1P3 signaling in SAP. And it is possible that this in-
flammatory response in SAP is mediated via SphK1/S1P signaling.
Moreover, the data showed that SphK1 expression on human periph-
eral neutrophils, monocytes, and CD4+ T lymphocytes is positively
correlated with the APACHE II scores in patients with SAP.

The role of SphK1 and S1P in inflammatory disease has been
established.20 Inflammatory processes involved in the progression of
an asthmatic attack are regulated by SphK1 and S1P.36,37 SphK1 is
activated in synoviocytes from RA patients and S1P is elevated in the
synovium of RA patients.38 SphK1 has a protective function in LPS-
and platelet-activating factor-induced lung inflammation.39,40 SphK1
participates in modulating systemic and local inflammatory response
and it is as a potential therapeutic target for IBD.34,35 These findings
indicate a key role for the SphK1/S1P pathway in the pathology in
inflammatory disease. Here we report for the first time that SphK1
is activated in SAP and its expression is recovered to normal levels
in the restoration stage. Furthermore, we demonstrate a significantly
positive correlation between SphK1 expression and the severity of
SAP. These findings provided clues that SphK1 expression on periph-
eral immune-effector cells may play a beneficial role in the diagnosis
of SAP.

SphK activation has been demonstrated to play a role in
the inflammatory responses triggered by several immune-effector
cells,22,30,41 and it has pleiotropic effects on macrophages and
monocytes42,43 and neutrophils.27,29,44 Recently, it has been shown

that TNFα-triggered proinflammatory responses in human mono-
cytes were dependent on SphK1 activity.16 The activation of SphK1
is required for an oxidative burst in C5a-primed neutrophils.27 SphK1
is closely involved in activation of immune cells in vitro20 and the
production of proinflammatory cytokines such as TNF-α, IL-1β, and
IL-6 is reduced in human neutrophils through an inhibition of
SphK1.44 In addition, SPHK1−/− mice showed a marked reduction in
neutrophil infiltration into the colon in DSS-induced colitis.35 How-
ever, the role of SphK1 activation on immune effector cells is un-
certain in SAP. In this study, SphK1 is upregulated in peripheral
neutrophils, monocytes, and lymphocytes in the early stage in SAP
patients. S1P3 expression in peripheral neutrophils and lymphocytes
displays a significant increase in transcript level in SAP. The activa-
tion of SphK1/S1P3 signaling is simultaneously presented with the
excessive excretion of proinflammatory cytokines in SAP patients.
These data indicate that SphK1/S1P signaling may be implicated in
immune-effector cells in inflammatory response for SAP patients.
Our results suggest that there might be a role for SphK1/S1P signal-
ing that is similar to what has been found in animal studies in other
inflammatory conditions such as sepsis,16 asthma,30,36 and IBD.34,35

A shift of the cellular immune function is one of the major
mechanisms responsible for early and late mortality in SAP. Recent
researches suggested that immune dysregulation plays an important
role in the development of SAP.45,46 In this study, the decreased
proportion of CD4+ T cells is observed in SAP and it returns toward
normal at the resolving stage. HLA-DR expression on peripheral
monocytes is correlated with the clinical course and it is dependent on
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FIGURE 6. SphK1 protein expression in lymphocytes during SAP. A, B, Representative image of flow cytometric analysis. C,
Proportion of SphK1-positive lymphocytes. D, Mean fluorescent intensity of SphK1 positive cells. ∗∗P < 0.01, ∗P < 0.05 (early
stage vs control) and ‡‡P < 0.01, ‡P < 0.05 (restoration vs early stage). E, F, Pearson test showed that SphK1 expression in CD4+

T lymphocytes was positively correlated with APACHE II scores in SAP patients (P < 0.01) (E). There was not correlation between
SphK1 expression in CD8+ T lymphocytes and APACHE II scores in these patients (P > 0.05) (F).

FIGURE 7. SphK enzymatic activity in neutrophils and lympho-
cytes. Results shown are the mean ± SD of triplicate measure-
ments. Asterisks indicate significant difference as compared
with healthy controls. ∗∗P < 0.01, ∗P < 0.05 (early stage vs
control).

the severity of acute pancreatitis.47 We show that HLA-DR expression
on monocytes is profoundly altered during the course of SAP. In
the early stage of SAP, the expression of HLA-DR on monocytes is
strikingly depressed and it is elevated at the restoration period in these
patients. We identify a significant inversed correlation between the
level of HLA-DR expression on monocytes and APACHE II scores

FIGURE 8. S1P receptors mRNA expression level in neutrophils
(A) and lymphocytes (B) of SAP patients and healthy subjects.
S1P3 mRNA expression level was marked increased in SAP pa-
tients, whereas the levels of S1P1 mRNA had no significant
difference as compared with the healthy controls in both neu-
trophils and lymphocytes. ∗∗P < 0.01, ∗P < 0.05 (early stage vs
control) and ‡‡P < 0.01, ‡P < 0.05 (restoration vs early stage).

in SAP patients. SAP is associated with a SIRS, which is manifested
by elevated proinflammatory cytokines including TNF-α, IL-1β, and
IL-6 in the serum of SAP patients. The severity and the clinical course
of SAP seem to be correlated with the levels of proinflammatory
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cytokines.48–50 In the present study, the levels of serum cytokines
such as TNF-α, IL-1β, and IL-6 are significantly elevated in SAP,
which is consistent with previous studies.11

In summary, we present evidence that activated SphK1/S1P
signaling may be implicated in inflammatory responses in SAP. We
further show a potential link between SphK1 expression on periph-
eral immune cells and the severity of SAP. These findings suggest
that SphK1/S1P signaling may play an important role in modulating
inflammatory response in SAP, and it may be considered as future
therapeutic targets for the treatment of SAP.
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