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Abstract—Severe acute pancreatitis is a life threatening disease with a high rate of mortality, but its tr-
eatments are still controversial. The purpose of this study is to investigate the potential effects of calcium
binding protein S100A12 on severity evaluation and curative effect of severe acute pancreatitis induced
by caerulein and lipopolysaccharide in mice. Intraperitoneal injection of 50 μg/kg caerulein for seven
times (every interval time was an hour) and intraperitoneal injection of 10 mg/kg lipopolysaccharide for
once to establish acute pancreatitis mice models. One hundred sixty specific pathogen-free imprinting
control region (ICR) female mice were randomly divided into the control group (group A, normal
saline), the mild group (group B, caerulein), the severe group (group C, caerulein + lipopolysaccharide),
and the intervention group (group D, S100A12 recombinant antibodies + caerulein + lipopolysaccha-
ride); each group had 40 mice. We sampled the blood at 8, 12, and 24 h after the beginning of building
animal models. In each period of time, we respectively detected the serum S100A12, amylase (AMY),
C-reactive protein (CRP), interleukin (IL-1β, IL-6), and tumor necrosis factor (TNF-α) levels. In
addition, we observed and scored the pancreas and lungs histopathology of the mice. In each same
period of time compared with group C, serum AMY, CRP, IL-1β, IL-6, TNF-α levels of group D were
significantly decreased (p<0.05). In each same period of time compared with group B and group C,
serum S100A12 concentration of group D was significantly decreased (p<0.05), and the pancreas and
lungs histopathology were also much improved. These observations demonstrate that S100A12 recom-
binant antibodies were able to significantly reduce the severity of acute pancreatitis induced by caerulein
and lipopolysaccharide in mice. Serum S100A12 may serve as a useful marker for disease severity and
curative effect in mice with severe acute pancreatitis.

KEYWORDS: severe acute pancreatitis; calcium binding protein; S100A12; pancreatic; histopathology score.

Acute pancreatitis is the most common pancreatic lesion
and its morbidity rate is also showing a trend of rising year
by year [1]. Mild acute pancreatitis is a self-limited disease;
the prognosis is good, but about 25 % of the patients have
severe acute pancreatitis, and the fatality rate is as high as
10–30 % [2, 3]. Once the disease process is initiated, its
severity is largely determined by a complex network of

activated inflammatory mediators. Inhibiting these media-
tors and suppressing the extensive inflammatory response
may provide a specific therapeutic opportunity.

In the present study, researchers found that in many dis-
eases, such as angiocardiopathy [4–8], inflammatory bowel
disease [9–12], acute and chronic lung diseases [13–15],
Alzheimer’s disease [16], glomerular nephritis [17], diabetes
mellitus type 2 [18], rheumatism [19–21], Kawasaki disease
[22, 23], etc., S100A12 had a highly specific expression and
played an important role in regulating the inflammation.
Nowadays, a number of studies have demonstrated that
S100A12 is not a housekeeping protein, but a protein that
has selective expressions in the condition of different cell
types and cell cycle, and it is closely related to inflammation.
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S100A12 is one of the members of the S100 protein
family [24]. The gene S100A12 is located in human chro-
mosome 1q21, between S100A8 and S100A9, its code
calcium binding protein S100A12, which exists in the form
of covalent dimers. At present, the study found that
S100A12 has two Ca2+ binding sites—C terminal and N
terminal. These two sites are the important basis that show
S100A12 differs from other members of the S100 family
(as shown in Fig. 1) [25].

When S100A12 is stimulated by inflammatory media-
tors, the target protein binding sites will be exposed.
S100A12 will exert its function by combining the
corresponding ligands. Therefore, blocking the combina-
tion of S100A12 and its corresponding ligands, such as
using S100A12 recombinant antibodies to inhibit the func-
tion of S100A12, may represent a novel therapeutic strat-
egy for severe acute pancreatitis.

MATERIALS AND METHODS

Experimental Animals

One hundred sixty specific pathogen-free (SPF) im-
printing control region (ICR) female mice (weight 21.258
±0.933 g) were provided by the animal experiment center
of Zhejiang Chinese Medical University. The mice were
fed regularly for a week under the appropriate temperature,
humidity, and lighting in the animal experiment center.
Twelve hours before the experiment, we stopped feeding.

Main Reagent

Caerulein (Cn) and lipopolysaccharide (LPS) were
bought from Sigma-Aldrich Co., Ltd.; Mice S100A12
recombinant antibodies were bought from Sino Biological
Inc.; Mice S100A12 enzyme-linked immunosorbent assay
(ELISA) kit was bought from Elabscience Biotechnology
Co., Ltd.; Mice AMYELISA kit was bought fromCusabio
Biotech Co., Ltd.; CRP, IL-1β, IL-6, TNF-α ELISA kits
were bought from Shanghai Westang Biological Technol-
ogy Co., Ltd..

Main Instrument

Dehydrator (STP120, MICROM Co.), embedding
machine (AP280-2, MICROM Co.), slicing machine
(HM335E, MICROM Co.), microscope (Nikon eclipse
80i, Nikon Co.), charge-coupled device (DS-Fi1, 5 million
pixels, Nikon Co.), image analysis software (Carl Zeiss
Imaging Systems, Carl Zeiss Co.), and low speed autoba-
lancing centrifuge (LDZ5-2, Beijing Medical Centrifuge
Factory) were provided by the animal experiment center of
Zhejiang Chinese Medical University; incubator (Saifu
Experimental Instrument Factory of Haishu, Ningbo),
microplate reader (WellscanMK-3, Labsystems Dragon
Co.), etc. were provided by the Life Sciences College of
Zhejiang Chinese Medical University.

Building Models

One hundred sixty SPF female ICR mice were com-
pletely randomly divided into the control group (group A,
weight 21.168±1.022 g, the same hereinafter), the mild
group (group B, 21.283±0.915 g), the severe group (group
C, 21.215±0.908 g), and the intervention group (group D,
21.365±0.907 g). Each group had 40 mice. Caerulein and
lipopolysaccharide were temporarily prepared before the
experiment. Mice in group A were intraperitoneally
injected with 25 mg/kg normal saline for seven times;
every interval time was an hour. Mice in group B were
intraperitoneally injected with 50μg/kg caerulein for seven
times; every interval time was an hour. Mice in group C

Fig. 1. S100A12 is made up of four α-helixes, two L-rings, and one hinge
area. L-rings are Ca2+ binding sites. There is an α-helix before and after
each L-ring. HII and HIII are connected by a hinge area. L1 is a noncon-
servative structure (also known as pseudo EF hand); L2 is a conservative
structure (also known as canonical EF hand).

Table 1. Score Standard of Pancreatic Histopathology

Score standard Interstitial edema Inflammatory infiltration Parenchyma necrosis Parenchyma hemorrhage

0 Nonexistence Nonexistence Nonexistence Nonexistence
1 Interlobular <20 entries 1–2 location (s) <5 %
2 Intralobular 20–50 entries 3–5 locations 5–20 %
3 Acini islanded >50 entries >20 % >20 %
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were intraperitoneally injected with 50 μg/kg caerulein for
seven times; every interval time was an hour. Five hours
after the first injection of caerulein in this group (group C),
the mice were intraperitoneally injected with 10 mg/kg
lipopolysaccharide. Thirty minutes before the first injec-
tion of caerulein in group D, mice were injected with
50 μg/kg S100A12 recombinant antibodies, and the
remaining steps are the same as group C.

Blood Tests

We collected the blood at 8, 12, and 24 h after the
beginning of the experiment, respectively. We used the eye
socket blood-collectingmethod to take proper amount in 2-
ml EP tube, without anticoagulant added. Then, we put the
blood into the centrifuge when it was coagulated, centri-
fuged it at 3000 r/min for 5 min, collected the upper serum,
and saved it in the −20 °C refrigerator.

Materials Observing

We used high concentrations of sodium pentobarbital
to kill the mice. We then opened the abdomen, removing
pancreas and lungs from each mouse, fixed them in 10 %
formaldehyde solution, and then, routine paraffin-embed-
ded, sectioned, hematoxylin-eosin (HE) stained, and ob-
served them by optical microscope. Pancreatic pathologi-
cal alteration was scored by the double-blind method
according to Schmidt’s standard [26, 27]. Score standard
is shown in Table 1.

Statistical Methods

We used Statistical Product and Service Solutions
(SPSS) 17.0 software for statistical processing. Differences
between two sample means were analyzed by t test; the
data were shown as mean ± standard deviation (x ± SD).
Pairwise comparison among multiple experimental groups

and one control group were analyzed by LSD test or
Dunnett’s test. Pairwise comparison among multiple sam-
ple mean were analyzed by S-N-K method. We used the
ridit analysis for score class differences. The data were
shown as sample numbers (n). Values of p<0.05 were
accepted as significant.

RESULTS

Survival Rate

There was no death in group A, group B, and group
D; survival rate was 100 %. Thirty hours after the begin-
ning of the experiment, one mouse in group C was dead;
survival rate was 97.5 %.

Serum Tests

In each same period of time compared with group A,
amylase (AMY), C-reactive protein (CRP), interleukin (IL-
1β, IL-6), tumor necrosis factor (TNF-α), and calcium-
binding protein S100A12 levels of group B were increased
(p<0.05), and AMY, CRP, IL-1β, IL-6, TNF-α, and
S100A12 levels of group C were significantly increased

Table 2. Amylase (AMY) Levels Variation in Each Group (x ± SD)

AMY (U/L)

Groups 8 h 12 h 24 h

Group A 1161.2±364.0 1173.1±360.5 1160.9±342.9
Group B 3156.1±410.6△ 3592.7±489.1△ 2952.9±423.8△

Group C 7353.2±485.1▲ 8148.2±437.9▲ 7119.2±470.8▲

Group D 2352.3±466.6☆ 2724.1±420.8☆ 2144.2±449.7☆

The serum amylase (AMY) levels were promoted significantly in mice of
group B and group C compared with group A, while the serum AMY
levels were alleviated in mice of group D when compared with group C
△ p<0.05; ▲ p<0.01 versus group A; ☆ p<0.05 versus group C

Table 4. IL-1β Levels Variation in Each Group (x ± SD)

IL-1β (pg/ml)

Groups 8 h 12 h 24 h

Group A 10.611±1.892 10.463±1.836 10.516±1.821
Group B 160.335±3.986▲ 180.178±4.252▲ 150.378±3.487▲

Group C 240.217±2.627▲ 280.681±3.120▲ 231.417±3.281▲

Group D 140.304±2.372☆ 148.579±2.421☆ 138.550±2.399☆

The serum IL-1β levels were promoted significantly in mice of group B
and group C compared with group A, while the serum IL-1β levels were
alleviated in mice of group D when compared with group C
▲ p<0.01 versus group A; ☆ p<0.05 versus group C

Table 3. C-Reactive Protein (CRP) LevelsVariation in EachGroup (x ±SD)

CRP (mg/L)

Groups 8 h 12 h 24 h
Group A 10.245±0.614 10.183±0.661 10.180±0.649
Group B 15.820±0.680△ 17.862±0.761△ 13.926±0.759△

Group C 21.440±0.865△ 25.261±0.982△ 19.285±0.969△

Group D 14.594±0.710☆ 13.648±0.712☆ 12.680±0.716☆

The serum C-reactive protein (CRP) levels were promoted in mice of
group B and group C compared with group A, while the serumCRP levels
were alleviated in mice of group D when compared with group C
△ p<0.05 versus group A; ☆ p<0.05 versus group C
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(p<0.01). It demonstrated that models were successfully
established. In each same period of time compared with
group B, S100A12 levels of group D were decreased
(p<0.05). In each same period of time compared with
group C, AMY, CRP, IL-1β, IL-6, TNF-α levels of group
D were decreased (p<0.05), and S100A12 levels of group
D were significantly decreased (p<0.01). It suggested that
serum S100A12 might serve as a useful marker in severe
acute pancreatitis, as shown in Tables 2, 3, 4, 5, 6 and 7.

Macroscopic andMicroscopic Observation of Pancreas

Macroscopic observation of pancreas and organs out-
side the pancreas in group A was generally normal. Pan-
creas in group B was adhered with surrounding tissues; its
glands were swollen, its membranes were tense, its color
was pale, but organs outside the pancreas had no obvious
abnormal alteration. Pancreas in group C was adhered with
surrounding tissues seriously; its glands were swollen, its
color was murky gray, several saponified spots and hem-
orrhagic spots were visible on its surface, and a small
amount of saponified spots were appeared on omentum
majus, mesentery, etc. The liver was slightly swollen; its
color was a little dark. Pancreas in group D had no obvious

abnormal appearance; it was slightly adhered with sur-
rounding tissues, and organs outside the pancreas had no
obvious abnormal alteration.

Microscopic observation of pancreatic mesenchyme
in group Awas normal, lobular structures were completed,
and there was no hemorrhage or necrosis alteration (Fig. 2:
A1, A2). Pancreatic mesenchyme in group B was hyper-
emia and edema, with inflammatory cells infiltration and a
small amount of focal acini necrosis and slight adipocyte
necrosis, but hemorrhage was occasionally found (Fig. 2:
B1, B2). Pancreatic tissues in group C were serious edema;
the distribution of acinar cells were relatively independent
(like islands), a large number of glandular cells were ne-
crosis, its structures were fuzzy, necrotic areas were infil-
trated by a large number of inflammatory cells (Fig. 2: C1,
C2). Pancreatic mesenchyme in group D was slight edema,
and there was no vacuolar formation, just some slight
adipocyte necrosis and hemorrhage was seldom found
(Fig. 2: D1, D2).

Pancreatic Histopathology Score of Each Group

The results of histopathology score showed that com-
pared with group A, pancreas in group B appeared to have
serious interstitial edema (p<0.01) and mild-to-moderate
inflammatory infiltration (p<0.05), but didn’t appear to
have obvious parenchyma necrosis and hemorrhage
(p>0.05). Pancreas in group C appeared to have serious
interstitial edema, inflammatory infiltration, parenchyma
necrosis, and different degrees of hemorrhage (p<0.01).
Pancreas in group D appeared to have mild-to-moderate
interstitial edema and inflammatory infiltration (p<0.05),
but didn’t appear to have obvious parenchyma necrosis and
hemorrhage (p>0.05). Compared with group B, pancreatic
interstitial edema, inflammatory infiltration, parenchyma
necrosis, and hemorrhage in group C were much more
serious (p<0.01), but pancreatic inflammatory infiltration

Table 6. TNF-α Levels Variation in Each Group (x ± SD)

TNF-α (pg/ml)

Groups 8 h 12 h 24 h
Group A 66.764±4.451 68.762±9.368 66.353±8.539
Group B 311.059±6.392▲ 473.223±11.223▲ 331.145±13.735▲

Group C 633.543±7.259▲ 721.063±10.128▲ 654.392±14.289▲

Group D 319.940±6.651☆ 426.614±11.159☆ 345.039±14.652☆

The serum TNF-α levels were promoted significantly in mice of group B and group C compared with groupA, while the serum TNF-α levels were alleviated
in mice of group D when compared with group C
▲ p<0.01 versus group A; ☆ p<0.05 versus group C

Table 5. IL-6 Levels Variation in Each Group (x ± SD)

IL-6 (pg/ml)

Groups 8 h 12 h 24 h

Group A 4.569±0.997 4.581±1.002 4.598±1.004
Group B 9.491±1.236△ 21.707±1.313▲ 16.747±1.432▲

Group C 50.863±1.351▲ 59.914±1.146▲ 55.367±1.240▲

Group D 41.869±1.428☆ 36.775±1.456☆ 31.499±1.377☆

The serum IL-6 levels were promoted significantly in mice of group B and
group C compared with group A, while the serum IL-6 levels were
alleviated in mice of group D when compared with group C
△ p<0.05; ▲ p<0.01 versus group A; ☆ p<0.05 versus group C
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in group D would get better (p<0.05). Compared with
group C, the situation of pancreatic interstitial edema,
inflammatory infiltration, parenchyma necrosis, and hem-
orrhage in group D were significantly improved (p<0.01),
as shown in Table 8.

Optical Microscopic Observation of Lungs

Pulmonary alveoli in group Awere generally normal
(Fig. 3: A, a). The pulmonary capillaries in group B had
mild hyperemia, and inflammatory cells infiltration could
be found (Fig. 3: B, b). Pulmonary alveoli in group C were
collapsed, and the capillaries of alveolar walls were diffuse
expanded and hyperemia, there were exudates, inflamma-
tory cells and a few red blood cells in the alveolar space,
and pulmonary mesenchyme was obviously infiltrated by a
large number of inflammatory cells (Fig. 3: C, c). Pulmo-
nary mesenchyme in group D was slight edema and just
infiltrated by a few inflammatory cells (Fig. 3: D, d).

The lungs were the mainly organ involved in the early
stage of severe acute pancreatitis, because in the early stage
of severe acute pancreatitis, pancreatic enzyme and trypsin
could further activate phospholipase, collagenase, chymo-
trypsin, etc. when they were activated. Phospholipase A2
could not only change the lecithin into hemolytic lecithin,
thus destroying the cell biofilm, but could also accelerate the
decomposition of lecithin, which was themain component of
pulmonary surfactant, thus collapsing the pulmonary alveoli.
While activated, trypsin could also activate the kallikreins-
kinins system, leading to increasing the permeability of
pulmonary cells and the abnormal process of intravascular
coagulation. Then, acute lung injury (ALI), which was
caused by pulmonary microcirculation embolism, appeared.

Serous and Histological findings

Severe acute pancreatitis was induced by administrat-
ing caerulein and lipopolysaccharide; serum AMY, CRP,
IL-1β, IL-6, and TNF-α levels were significantly increased

Fig. 2. Effect of S100A12 recombinant antibodies on pancreatic morphological alterations in severe acute pancreatitis. Sections [A1 (×100), A2 (×400), the
same hereinafter] from mice in group A (injected with normal saline). Sections (B1, B2) from mice in group B (injected with caerulein). Sections (C1, C2)
from mice in group C (injected with caerulein + lipopolysaccharide). Sections (D1, D2) from mice in group D (injected with S100A12 recombinant anti-
bodies + caerulein + lipopolysaccharide).

Table 7. S100A12 Level Variation in Each Group (x ± SD)

S100A12 (pg/ml)

Groups 8 h 12 h 24 h

Group A 35.132±6.800 34.966±6.494 34.966±6.451
Group B 343.714±7.610▲ 591.451±20.609▲ 464.947±19.527▲

Group C 1413.080±9.069▲ 2393.831±33.564▲ 1778.152±39.919▲

Group D 221.720±7.197☆★ 166.902±11.298☆★ 137.462±15.098☆★

The serum S100A12 levels were promoted significantly in mice of group B and group C compared with group A, while the serum S100A12 levels in mice of
group D were alleviated when compared with group B and were significantly alleviated when compared with group C
▲ p<0.01 versus group A; ☆ p<0.05 versus group B; ★ p<0.01 versus group C
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compared with those in group A (Table 2–6). S100A12, as
a marker of inflammatory response, was also significantly
increased (Table 7). Treating mice with S100A12 recom-
binant antibodies before the injection of caerulein and
lipopolysaccharide significantly decreased the changes in
these inflammatory mediators (Table 2–7). Histological
investigation confirmed the development of severe acute

pancreatitis induced by caerulein and lipopolysaccharide.
Pancreatic damage, including pancreatic interstitial edema,
inflammatory infiltration, parenchyma necrosis, and hem-
orrhage, was markedly enhanced. Treating mice with
S100A12 recombinant antibodies reduced the severity of
pancreatic interstitial edema, inflammatory infiltration, pa-
renchyma necrosis, and hemorrhage (Fig. 2 and Table 8).

Fig. 3. Pulmonary morphological alterations in severe acute pancreatitis. Sections [A (×100), a (×400), the same hereinafter] from mice in group A (injected
with normal saline). Sections (B, b) from mice in group B (injected with caerulein). Sections (C, c) from mice in group C (injected with caerulein + lipop-
olysaccharide). Sections (D, d) from mice in group D (injected with S100A12 recombinant antibodies + caerulein + lipopolysaccharide), a (×400), the same
hereinafter] from mice in group A (injected with normal saline). Sections (B, b) from mice in group B (injected with caerulein). Sections (C, c) from mice in
group C (injected with caerulein + lipopolysaccharide). Sections (D, d) from mice in group D (injected with S100A12 recombinant antibodies + caerulein +
lipopolysaccharide).

Table 8. Results of Pancreatic Histopathology Score in Each Group

Groups Pathological alteration Score Summation

0 1 2 3 n

Group A Interstitial edema 37 3 0 0 40
Inflammatory infiltration 39 1 0 0 40
Parenchyma necrosis 40 0 0 0 40
Parenchyma hemorrhage 40 0 0 0 40

Group B Interstitial edema 0 7 21 12 40▲

Inflammatory infiltration 12 15 6 7 40△

Parenchyma necrosis 21 12 7 0 40
Parenchyma hemorrhage 39 1 0 0 40

Group C Interstitial edema 0 0 13 27 40▲

Inflammatory infiltration 0 0 6 34 40★

Parenchyma necrosis 0 0 13 27 40▲★

Parenchyma hemorrhage 4 17 16 3 40▲★

Group D Interstitial edema 0 22 14 4 40
Inflammatory infiltration 6 29 4 1 40☆■

Parenchyma necrosis 16 18 6 0 40■

Parenchyma hemorrhage 38 2 0 0 40■

Pathologic evaluation of acute pancreatitis was done according to the score systems of Schmidt
Compared with group A, △ p<0.05, ▲ p<0.01; compared with group B, ☆ p<0.05, ★ p<0.01; compared with group C, ■P<0.01
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DISCUSSIONS

Acute pancreatitis is the most common pancreatic
lesion, according to the international clinical data, which
showed that the annual incidence is up to 5–80/105 and the
trend is rising year by year [1]. Each year in the United
States, there are more than 200,000 patients with acute
pancreatitis who require hospitalization, and the direct
cost of treatment is as much as 2,000,000,000 dollars/
year [28]. Mild acute pancreatitis is a self-limited disease;
the prognosis is good, but about 25 % of the patients have
severe acute pancreatitis. The fatality rate is as high as 10–
30 % [2, 3]; the hospitalization is prolonged, and the
treatment cost is huge, constituting a great threat to human
health and social economy. While, what is used at present
to judge the severity and prognosis of acute pancreatitis are
Ranson score, Glasgow score, APACHE II score, pancre-
atic enzyme, trypsinogen activation peptide (TAP), etc.
[29], but the sensitivity and specificity of these evaluation
methods for early diagnosis of severe acute pancreatitis
cannot meet the clinical demand, and also have the limi-
tations of complex detection and high cost.

S100A12 is mainly expressed in neutrophils; besides
in the blood, it also can be found in cerebrospinal fluid,
saliva, synovial fluid, and even in gastrointestinal mucosal
and feces. Recent researches suggest that S100A12 plays a
key role in inflammation regulation, which has been con-
firmed with animal experiments by Rouleau, etc. They
found that the marrow granulocyte migrated to peripheral
blood after intravenous injecting S100A12 on mice, and
then activated granulocyte and made it to the area of
inflammation [30]. In addition, S100A12 is also involved
in the cell signal transduction [31] and resisting to the
invasion of bacterial and virus (related to its cuprum se-
quence [32]). Neutrophils, activated since the early stage of
acute pancreatitis, have an important role in regulating the
severity of acute pancreatitis; they can release great quan-
tities of cell factors and inflammatorymediators that induce
systemic inflammatory response, which is the central link
in severe acute pancreatitis [33, 34].

Through the animal experiments, we found that mice
in the mild acute pancreatitis group (group B, the early
stage of severe acute pancreatitis), its serum S100A12 had
already begun to rise; mice in severe acute pancreatitis
group (group C), its serum S100A12 rose obviously. By
inhibiting the function of S100A12 with S100A12 recom-
binant antibodies (group D), the situation of mice pancre-
atic interstitial edema, inflammatory infiltration, parenchy-
ma necrosis, and hemorrhage were significantly improved
when compared with mice in the severe acute pancreatitis

group (group C). Even compared with mild acute pancrea-
titis group (group B), mice pancreatic inflammatory infiltra-
tion in intervention group (group D) would also get better.

S100A12 is a sensitive marker for inflammation, but
our study does not address whether it is specific for pan-
creatitis. The most notable finding of our study is that an
antibody against S100A12 (when administered prior to
caerulein and lipopolysaccharide) does block the inflam-
matory mediators as well as the histological findings of
pancreatitis, suggesting that S100A12 is a mediator not just
a marker of the inflammatory response in pancreatitis.

We hold great promise that S100A12 can be used to
monitor the development and prognosis of severe acute
pancreatitis in mice. By inhibiting the expression of
S100A12, the excessive activation of neutrophils will be
controlled, which will weaken the inflammatory reaction
of severe acute pancreatitis by reducing the release of
inflammatory mediators; therefore, the severity of acute
pancreatitis is reduced. This may represent a novel thera-
peutic strategy for severe acute pancreatitis.
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