Digestive Diseases and Sciences (2022) 67:536-545
https://doi.org/10.1007/510620-021-06865-y

ORIGINAL ARTICLE q

Check for
updates

Hypogelsolinemia and Decrease in Blood Plasma
Sphingosine-1-Phosphate in Patients Diagnosed with Severe Acute
Pancreatitis

Tomasz Wollny' - Marzena Watek' - Urszula Wnorowska3 - Ewelina Piktel® - Stanistaw G6zdz'# - Krzysztof Kurek? -
Przemystaw Wolak* - Grzegorz Krél* - Matgorzata Zendzian-Piotrowska® - Robert Bucki?

Received: 25 April 2020 / Accepted: 20 January 2021 / Published online: 23 February 2021
© The Author(s) 2021

Abstract

Background Acute pancreatitis (AP) is a frequent hospitalization cause of patients suffering from gastrointestinal disorders.
Gelsolin has an ability to bind bioactive lipids including different sphingolipids engaged in inflammatory response. Impor-
tantly, hypogelsolinemia was observed in patients with different states of acute and chronic inflammation.

Aims The aim of the present study was to assess the interplay of blood plasma gelsolin and blood plasma sphingosine-
1-phosphate (S1P) concentration in patients diagnosed with acute pancreatitis.

Materials and Methods To assess the concentration of gelsolin and S1P, immunoblotting and HPLC technique were
employed, respectively. Additionally, the concentrations of amylase, lipase, C-reactive protein (CRP), procalcitonin (PCT)
and the number of white blood cells (WBC) and platelet (PLT) were recorded.

Results We found that both pGSN and S1P concentrations in the plasma of the AP patients were significantly lower
(pGSN ~ 15-165 mg/L; S1P ~100-360 pmol/mL) when compared to the levels of pGSN and S1P in a control group
(pGSN ~130-240 mg/L; S1P ~260—400 pmol/mL). Additionally, higher concentrations of CRP, WBC, amylase and lipase
were associated with low level of gelsolin in the blood of AP patients. No correlations between the level of PCT and PLT
with gelsolin concentration were noticed.

Conclusion Plasma gelsolin and S1P levels decrease during severe acute pancreatitis. Simultaneous assessment of pGSN
and S1P can be useful in development of more accurate diagnostic strategies for patients with severe acute pancreatitis.

Keywords Gelsolin - Sphingosine-1-phosphate - Acute pancreatitis

Introduction

Acute pancreatitis (AP), an inflammatory disorder of the
pancreas, is one of the leading hospital admission causes
when providing care for patients with gastrointestinal dis-
orders in the Western world [1]. In case of severe AP, a
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mortality rate is ranging from 36 to 50%. Gallstones and
alcohol abuse are long-established risk factors; however,
several new causes have emerged, together with new aspects
of pathophysiology that improved our understanding of AP
disorder. Recent studies showed the new molecular mech-
anisms and pathways leading to severe AP development;
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however, successful treatment of AP has not yet been estab-
lished [1]. AP diagnosis is made based on compatible clini-
cal features including abdominal pain, nausea, and vomiting.
Moreover, the clinical suspicion of the disease is supported
by the finding of serum amylase elevations and/or lipase lev-
els increase; most recommendations and most expert opin-
ions suggest a level of at least three times the upper limit
of normal as the most accurate cutoff [2]. A very important
issue is the classification of severity of AP, as appeared for
the first time in the proceedings of an international sympo-
sium held in Atlanta, Georgia, in September 1992 [3]. Then,
it has been revised; severe acute pancreatitis was defined as
the presence of organ failure and/or local pancreatic com-
plications, complemented by the presence of unfavorable
prognostic signs (using Ranson’s criteria or Acute Physi-
ology and Chronic Health Evaluation [APACHE] II). The
definition included both criteria that predict development of
severe disease [3].

Recent studies underlined the role of sphingolipids (SL)
in the pathophysiology of AP [4, 5]. Initially known for
their role as cellular membrane building molecules or as
metabolic substrates [6], their function as a source of sign-
aling mediators and receptor agonists is now established.
Sphingolipid-delivered mediators are synthesized through de
novo pathway or may origin from the hydrolysis of complex
lipids, mainly sphingomyelin, that is present in the plasma
membranes of all human cells [7]. The list of most impor-
tant lipids of the sphingolipid signaling cascade includes
ceramide (CER), ceramide-1-phosphate (C1P), sphingosine
(SPH), and sphingosine-1-phosphate (S1P). S1P was firstly
described as a mediator of embryonic development, primar-
ily cardiogenesis, angiogenesis, and vasculogenesis [8, 9].
Currently, attention is focused on its role in cardiovascular
and neurological disorders, tumor biology, inflammation,
and lymphocyte trafficking [10, 11]. The role of SL and their
metabolites in the regulation of cell proliferation and apop-
tosis was also recently underlined in many studies [12—14].
Additionally, SL might interact with extracellular proteins
such as plasma gelsolin that was first discovered as an intra-
cellular actin-binding protein involved in the remodeling of
cellular actin filaments associated with cell shape changes
and movement [15]. Extracellular gelsolin that is present in
the blood (200-300 mg/L) has been described as the part of
extracellular actin scavenging system and is also involved in
the presentation of lysophosphatidic acid and other inflam-
matory mediators to their receptors [16, 17]. It was shown
that plasma gelsolin level decreases during acute injury
and inflammation in a variety of clinical conditions such as
acute respiratory distress syndrome, sepsis, major trauma,
prolonged hyperoxia, malaria, liver injury and rheumatoid
arthritis [16, 18, 19]. In the present study, we described the
changes in plasma gelsolin and S1P in blood collected from
patients diagnosed with severe AP.

Materials and Methods
Subjects

The investigation was approved by the Ethical Committee
for Human Studies of the Medical University of Bialystok.
The enrollment to the study took place between August
2015 and November 2019 in the Department of Gastro-
enterology and Internal Medicine (Medical University of
Bialystok). One hundred and forty-four patients with AP
hospitalized in the Department of Gastroenterology and
Internal Medicine (Medical University of Biatystok) were
screened for inclusion. We have predicted severe acute
pancreatitis based on APACHE II score. Patients with per-
sistent (more than 48 h) organ failure have been classified
as the severe form of the disease; 38 subjects were quali-
fied. Among them, one patient had a history of relapsing
acute pancreatitis and one patient died before the end of
the study protocol. Finally, 36 subjects were included for
further examination. The size of research sample was not
calculated, because it was exploratory study. The inclusion
criteria were: 1) an individual age greater than 18 years
old, 2) absence of any pancreatic disorders in the past
(based on the hospital records and interview), 3) a con-
firmed diagnosis of AP (the presence of at least two out
of three following criteria: (1) typical abdominal pain, (2)
more than a threefold increase in serum lipase or amylase
activity, (3) typical AP lesions observed in CT, MR or
USG.

The exclusion criteria were: (1) lack of patients writ-
ten consent, (2) onset of symptoms more than 24 h before
admission, and (3) previous history of any pancreatic dis-
ease. The degree of AP severity was established in accord-
ance with the revision of the Atlanta classification [20].
All patients (Table 1) received standard AP treatment,
intensive intravenous hydration with lactated Ringer’ solu-
tion in the initial phase of the disease and pain manage-
ment. Endoscopic revision of biliary ducts was performed
on patients with confirmed biliary etiology, within 24 h
after admission. The patients also received early enteral
feeding. The ones with persistent multiorgan dysfunction
were transferred to intensive care units. The control group
consisted of healthy volunteers, similar to the studied
group with respect to sex and age. They were profession-
ally active, did not have serious chronic diseases, and were
admitted to work by an occupational medicine doctor.

Serum Analyses

Blood samples were taken from peripheral vein into
heparinized syringe in the first day after onset of AP
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Table 1 Demographic characteristics of the patients included in the
study. Number of patients, their age, sex, and etiology of AP

Variable Value
Number of patients diagnosed with pancreatitis n=36
Age (years)

Mean (+SD) 46+15.28

Range 21-78
Sex, number

Male 19 (53%)

Female 17 (47%)
Acute pancreatitis etiology:

Alcohol abuse n=22(61%)

Biliary n=12 (33%)

Hypertriglyceridemia n=2(6%)
Frequency of organ failure

Multiple organ failure 10 (28%)

Pulmonary failure 21 (58%)

Renal failure 9 (25%)

Hepatic failure 4 (11%)

Cardiovascular failure 8 (22%)
Control n=36
Age (years)

Mean (+SD) 42+17.3

Range 23-68
Sex, number (%)

Male 17 (47%)

Female 19 (53%)

symptoms. Samples were centrifuged and the procured
plasma was frozen in — 80° C until further analyses. A set
of commercially available kits (Abbot, USA) was used to
measure serum amylase, lipase, alanine aminotransferase
(ALT), aspartate aminotransferase (AST) activity, serum
CRP, PCT, bilirubin, fibrinogen, and creatinine contents.

Quantitative Inmunoblotting of Plasma Gelsolin

Plasma samples were boiled in the presence of sample
buffer for 5 min at 95 °C and subjected to electrophore-
sis on 10% sodium dodecyl sulfate (SDS)—polyacrylamide.
Samples loaded in each gel were accompanied by recombi-
nant human plasma gelsolin (thp-GSN) standard (loaded in
a concentration range comparable to the gelsolin concentra-
tion in the samples). After electrophoresis, proteins were
transferred to polyvinylidene difluoride (PVDF) membrane
(Immobilon®-FL PVDF, Millipore). The membrane was
then blocked by incubation in Odyssey blocking buffer (Li-
Cor). Transferred proteins were probed with a monoclonal
antihuman gelsolin antibody (Sigma, St. Louis, MO, USA)
used at a 1:10,000 dilution in TBS-T. After incubation with
secondary goat anti-mouse IgG (H+L) IRDye 800 CW
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(1:20,000, Li-Cor), immunoblots were visualized using the
Li-Cor Odyssey® scanner and an Image Studio™ software
(Li-Cor Biosciences). The intensity of each band on the
membrane minus the background signal was plotted versus
the known amount of gelsolin and fitted to a straight line
(R*>0.9) [21].

Evaluation of S1P in Blood Plasma

The sphingosine-1-phosphate concentration was measured
by the method described in [22]. Briefly, acidified methanol
and an internal standard (30 pmol of C17-S1P, Avanti Polar
Lipids) were added to 250 pL of plasma or CSF and then
the samples were ultrasonicated in ice-cold water for 1 min.
The lipids were then extracted with chloroform, 1 M NaCl,
and 3 N NaOH. The alkaline aqueous phase containing S1P
was transferred to a fresh tube. Residual S1P in the chlo-
roform phase was re-extracted twice with a methanol/1 M
NaCl (1:1, v/v) solution, and then all aqueous fractions were
combined. The amount of S1P was determined indirectly
after dephosphorylation to sphingosine using alkaline phos-
phatase (bovine intestinal mucosa, Fluka, Milwaukee, WA).
To improve the extraction yield of released sphingosine,
chloroform was carefully placed at the bottom of the reaction
tubes. The chloroform fraction containing dephosphorylated
sphingoid base was washed three times with alkaline water
(pH adjusted to 10.0 with ammonium hydroxide) and then
evaporated under a nitrogen stream. The dried lipid residues
were redissolved in ethanol, converted to their o-phthalal-
dehyde derivatives, and analyzed using an HPLC system
(ProStar, Varian Inc.) equipped with a fluorescence detector
and a C18 reversed-phase column (Varian Inc. OmniSpher 5,
4.6150 mm). The isocratic eluent composition of acetonitrile
(Merck):water (9:1, v/v) and a flow rate of 1 ml/min were
used. The column temperature was maintained at 33 °C by
use of a column oven.

Statistical Analysis

Data are reported as a mean + SD. Statistical significance
was determined using two-tailed Student’s ¢ test. Statistical
analyses were performed using OriginPro 9.65 (OriginLab,
Northampton, MA, USA). *#*P <0.001.

Results
Decrease in Gelsolin and Sphingosine-1-Phosphate
Concentrations in the Course of Severe Acute

Pancreatitis

We observed a significant reduction in the concentration of
PGSN in the blood of patients with AP compared to the control
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Fig. 1 Gelsolin concentration in plasma samples collected from con-
trol volunteers (n=36) and patients diagnosed with severe acute pan-
creatitis (n=36) during first day of diagnosis. From all study partici-
pants, blood samples were taken using heparin as an anticoagulant.
Student’s ¢ test was used to confirm statistical differences between
two sets of data (***P <0.001) when compared to control

500
* % *
400

300

200

[S1P] pmol/mL

100 |

Control Pancreatitis

Fig.2 Decrease in sphingosine-1-phosphate concentrations (pmol/
mL) in the course of severe acute pancreatitis. Student’s 7 test was
used to confirm statistical differences between two sets of data
(***P<0.001) when compared to control

group (Fig. 1). pGSN level in control group was ranging
between 127 and 239 mg/L, and in the patients diagnosed with
acute pancreatitis pGSN concentration was ranging between
14 and 165 mg/L. Similar trends were obtained when S1P
blood levels were measured (Fig. 2). Concentration of S1P
was much higher (260-400 pmol/mL) in a control group com-
pared to patients diagnosed with AP (100-360 pmol/mL). The
obtained results confirm that plasma gelsolin and S1P levels
decrease in the result of inflammation that developed during
severe acute pancreatitis.

Correlations of pGSN Concentration with Other
Diagnostic Markers of AP

While looking for new diagnostic tools to better describe
the condition of patients with AP, we compared CRP, WBC,

amylase, lipase, PCT and PLT levels with the blood pGSN
levels (Fig. 3). We observed the positive correlation of pGSN
levels with AP-associated factors in four cases (Fig. 3A-D).
Increased serum C-reactive protein level was associated
with low pGSN concentrations; R=0.74 (Fig. 3A), which
confirmed that concentrations of CRP rise in response to
inflammation and it is important to determine its value dur-
ing AP diagnosis. Similar results were observed in relation
to the count of white blood cells; R=0.61 (Fig. 3B). Levels
of serum amylase or serum lipase are increased during AP,
and our results confirmed that low concentration of gelsolin
correlates with high level of amylase and lipase; R=0.70
and R=0.62, respectively (Fig. 3C, D). Correlation between
count of PLT, concentration of PCT, and concentration of
plasma gelsolin was not observed; R=0.15, R=0.08, respec-
tively (Fig. 3E, F).

Correlations of pGSN Concentration with Other
Biochemical Markers

The markers assessing liver and kidney function (AST, ALT,
serum bilirubin, fibrinogen, and creatinine) were elevated
in some patients in severe AP. However, as shown in Fig. 4,
these biochemical markers levels were not correlated with
plasma gelsolin concentration (as shown in Fig. 4: for AST:
R=0.10, ALT: R=0.26, bilirubin: R=0.02, fibrinogen:
R=0.06, creatinine: R=0.09).

Discussion

The severe form of AP comprising about 20-30% of the
patients is a life-threatening disease with the mortality
rates of about 15% [23]. Severe acute pancreatitis develops
in about 25% of patients with AP and is often associated
with single or multiple organ dysfunction requiring inten-
sive care. Nowadays, some trends in the management of
severe acute pancreatitis have changed our clinical prac-
tices. Between them, early enteral feeding, avoiding sur-
gery in patients with sterile necrosis, more conservative
approach to infected necrosis with delayed intervention,
whether endoscopic or surgical, and management of bil-
iary pancreatitis are worth to be mentioned [24]. In the
early stages, the treatment for AP is largely supportive and
reactive. Delays in the identification of early organ dys-
function are associated with a higher risk of morbidity and
mortality [25]. However, the successful dealing with the
AP patients and the management of severe acute pancreati-
tis are hampered by the limited understanding of pathogen-
esis and multicausality of the AP, uncertainties to predict
outcome and a few effective treatment modalities. There-
fore, comprehensive explanation of the pathophysiological
and immunological mechanisms of AP, investigation into
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different biochemical pathways and search for early bio-
markers of the AP severity, is a pressing issue.

It is known that gelsolin and S1P are both among an
extremely small group of proteins and lipids that func-
tion in both extracellular and intracellular compartments.
In the extracellular environment, plasma gelsolin func-
tions in part as an actin scavenger, while S1P acts as an
agonist for numerous cell types; their strong involvement
in inflammatory processes is well documented [26]. Acti-
vation of sphingosine kinase 1 (SphK1) by a variety of
cytokines and concomitant formation of S1P are important
for various inflammatory responses [27], it is also likely
that gelsolin—S 1P interaction may control several steps of
inflammation.

In this work, we aim to examine the connections
between plasma gelsolin- and SL-delivered mediators
(S1P) in the course of early stage of severe AP. We have
observed significant decrease in both gelsolin and S1P
concentrations in studied AP patients. We speculate that
there is a close connection between significant reduction of
gelsolin level and decrease in S1P concentration noticed in
our patients. Moreover, hypogelsolinemia was correlated
with the blood amylase and lipase activity as well as CRP
concentration, suggesting that hypogelsolinemia might be
an essential pathophysiological event leading to severe AP.
It is worth to underline that both plasma gelsolin and S1P
may play a role by regulating endothelial barrier function
[28, 29]. Plasma gelsolin is known to prevent negative
consequences of circulating F-actin released from damage
cells toward endothelial cells forming microvessels; on the
other hand, S1P is well-established factor that enhances
vascular barrier function acting as an agonist of sphingo-
sine 1-phosphate receptor 1 (S1P;) with following down-
stream triggering of the Rho family of small GTPases,
reorganization of cell cytoskeletal, focal adhesion forma-
tion, and tight junction assembly [30-32].

Literature data suggested that SL signaling pathway is
altered in many gastrointestinal disorders [5, 33, 34]. As
shown previously, a marked decrease in S1P concentra-
tion reflects AP severity [5]. It has been also suggested,
using some animal models, that S1P plays a significant
role in development of the inflammation; inhibition of S1P
synthesis diminished the inflammatory response in sep-
tic mice [35], while sphingosine kinase-depleted animals
showed a lower local and systemic inflammation response
in the dextran sulfate sodium-induced inflammatory bowel
disease (IBD) [36].

Previous clinical studies demonstrated that plasma gel-
solin depletion precedes and therefore might predict sec-
ondary inflammation and tissue injury; authors suggested
that hypogelsolinemia should be recognized as an indica-
tor of critical complication or/and poor prognosis [16, 37].
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Interesting observations regarding gelsolin functions have
recently come from the vertebrate model organisms [38].
This study provides evidence that gelsolin was not only a
crucial protein during development, but rather in processes
involving rapid and dynamic actin cytoskeleton rearrange-
ment, such as inflammatory stress responses. However, as
authors emphasize, since gelsolin has more than one mecha-
nism of action, its role might be different case by case; on
the one hand, it can be seen as an inflammatory cytokine,
on the other hand: a sharp decrease in its concentration can
lead to an increase in mortality. In animal sepsis in vivo,
administration of rhu-pGSN subcutaneously to mice and rats
challenged with E. coli lipopolysaccharide endotoxin or sub-
jected to cecal ligation-puncture significantly reduced their
mortality in the absence of antibiotics [39, 40]. Improvement
in clinical outcome was also observed upon intravenous
administration of rhu-pGSN in mice exposed to P. aerugi-
nosa challenge [41].

Li and coworkers in the group of 22 patients with severe
AP showed that S1P measured in peripheral neutrophils and
lymphocytes was markedly elevated in the early stage of dis-
ease [4]. These data are not consistent with our results. The
explanation for this phenomenon may be related to the fact
that platelets and erythrocytes, being the main source of S1P
in the blood, could release it into the plasma in a agonist-
dependent manner [42], while the mechanisms regulating SL
release from other blood cells are still not fully elucidated.
Moreover, it has been demonstrated that both S1P and its
analogue (FTY 720) application could reduce pulmonary
inflammations and injuries in rats with experimental AP
[43], and the others showed that FTY720 contributes in a
reduction of the severity of pancreatic necrosis [44].

Actually, it is hard to conclude whether S1P—gelsolin
interaction is good or harmful in the course of severe AP.
We can speculate that gelsolin may impair S1P/S1P-receptor
system that changes lymphocyte distribution within lym-
phoid organs and egress to the blood and involves S1P-
mediated modulation of endothelial cell barrier function, in
particular endothelial stiffness [45, 46]. Therefore, S1P—gel-
solin complexes (that decrease in AP) might be important
in regulating endothelial permeability and function as the
prevention tools of fluid accumulation in tissues. Such pro-
cess might have a great importance in AP patients, indi-
cating a likely therapeutic benefit of gelsolin-mediated S1P
functional interplay that might be potentially restored upon
recombinant human plasma gelsolin administration, and
further clinical research is needed to prove this hypothesis.

Observation of Kononczuk et al. [5] is consistent with
our results; they have also found significant reduction of
SL metabolites, including S1P, in early stages of severe AP.
Interestingly, sphingosine-1-phosphate concentration was
not changed in patients with mild or moderate AP. More-
over, the concentration of S1P returned to normal values
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«Fig. 3 Correlation plot of plasma gelsolin versus CRP (A), WBC
(B), amylase (C), lipase (D), PCT (E) and PLT (F) concentration in
blood plasma collected from subjects included in the acute pancrea-
titis patient group. R? values were calculated using a linear curve fit.
P <0.05 was considered to be statistically significant

after 7 days. In our opinion, our founding support mentioned
above observation.

We postulate that S1P and plasma gelsolin measurement
in early stages of AP may play an important role as biomark-
ers in accurate AP diagnosis and patient’s risk stratifica-
tion. Moreover, data obtained from animal studies justify
the need for further research on gelsolin supplementation in
patients suffering from life-threatening conditions such as
severe acute pancreatitis. However, further clinical studies
are needed to justify such a possibility.

@ Springer

Conclusion

Decrease in plasma gelsolin and S1P levels during severe
acute pancreatitis might provide an opportunity for future
development of new diagnostic and therapeutic strategies
to assess and improved clinical stage of patients suffering
from this disease. However, due to preliminary nature of
our founding, further studies are needed to confirm such a
possibility.
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«Fig. 4 Correlation plot of plasma gelsolin versus aspartate ami-
notransferase (AST) (A), alanine aminotransferase (ALT) (B), bili-
rubin (C), fibrinogen (D), and creatinine (E) concentration in blood
plasma collected from subjects included in the acute pancreatitis
patients group. R’ values were calculated using linear curve fit.
P <0.05 was considered to be statistically significant
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