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Acinar Cells: Implication for Early Event of Acute Pancreatitis
Jangwon Lee*, Ji Hye Seo†, Joo Weon Lim‡, and Hyeyoung Kim‡
*Department of Biotechnology, Brain Korea 21 Project, The Catholic University of Korea, Bucheon, †Department of Pharmacology,
Yonsei University College of Medicine, and ‡Department of Food and Nutrition, Brain Korea 21 Project,
Yonsei University College of Human Ecology, Seoul, Korea

Background/Aims: Cerulein pancreatitis is similar to
human edematous pancreatitis with dysregulation of
the production and secretion of digestive enzymes,
edema formation, cytoplasmic vacuolization and the
death of acinar cells. We hypothesized that membrane proteins may be altered as the early event during the induction of acute pancreatitis. Present study
aims to determine the differentially expressed proteins
in the membranes of cerulein-treated pancreatic acinar
cells. Methods: Pancreatic acinar AR42J cells were
treated with 10−8 M cerulein for 1 hour. Membrane
proteins were isolated from the cells and separated
by two-dimensional electrophoresis using pH gradients
of 5-8. Membrane proteins were identified by matrix-assisted laser desorption/ionization-time of flight
mass spectrometry (MALDI-TOF MS) analysis of the
peptide digests. The differentially expressed proteins,
whose expression levels were more or less than
three-fold in cerulein-treated cells, were analyzed.
Results: Two differentially expressed proteins (mannan-binding lectin-associated serine protease-2, heat
shock protein 60) were up-regulated while four proteins (protein disulfide isomerase, γ-actin, isocitrate
dehydrogenase 3, seven in absentia homolog 1A)
were down-regulated by cerulein treatment in pancreatic acinar cells. These proteins are related to cell
signaling, oxidative stress, and cytoskeleton arrangement. Conclusions: Oxidative stress may induce cerulein-induced cell injury and disturbances in defense
mechanism in pancreatic acinar cells. (Gut Liver 2010;
4:84-93)
Key Words: Cerulein; Pancreatitis; Pancreatic acinar
cells; Membrane proteome

INTRODUCTION
Pathogenesis of acute pancreatitis in humans has not
been clarified yet. In human gallstone pancreatitis, plasma
levels of gastrointestinal hormone cholecystokinin (CCK)
1
are increased. In acute alcoholic pancreatitis, severe pancreatic insufficiency and the defect in CCK regulation
2
were shown. Pancreatic exocrine dysfunction after acute
pancreatitis is observed not only in patients with gallstone pancreatitis but also in those with alcoholic and idi3
opathic pancreatitis. These studies demonstrate that possible involvement of CCK, which affects exocrine function
of pancreas, in the pathogenesis of acute pancreatitis.
Pancreatitis induced by cerulein, a CCK analogue, is
one of the widely used experimental models of acute pancreatitis that exhibits the biochemical, morphological, and
pathophysiological similarities to various aspects of hu4,5
man pancreatitis. Doses of cerulein beyond those that
cause the maximum pancreatic secretion of amylase and
6,7
lipase result in pancreatitis, which is characterized by
dysregulation of the production and secretion of digestive
enzymes, inhibition of pancreatic secretion, edema formation, infiltration of inflammatory cells into the pancreas,
4,5,8
cytoplasmic vacuolization and the death of acinar cells.
2＋
The cerulein-evoked increase in intracellular Ca levels is
believed to be the main intracellular signal for enzyme
9
and fluid secretion. One interesting report showed the
role of reactive oxygen species (ROS) on altering the cy10
toskeleton function in the pancreas. This cytoskeletal
disruption may induce disturbances in the intracellular
transport of digestive enzymes, leading to their premature
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intracellular activation.11 Our previous studies demonstrated that cerulein stimulates the production of ROS,
NF-κB activation and the productions of the inflamma12
tory cytokines (IL-1β, IL-6) in pancreatic acinar cells.
The production of ROS was mediated with the activation
2＋
of NADPH oxidase Ca -dependently in cerulein-stimu13-16
In our previous proteolated pancreatic acinar cells.
mic analysis, five differentially expressed proteins were
identified in pancreatic acinar AR42J cells treated with
−8
M) such as heat shock protein 90, micerulein (10
tochondrial ATP synthase beta chain precursor, tubulin
beta chain, 3-mercaptopyruvate transferase, mitochondrial
17
ATP synthase subunit d.
Due to their interfacial position in cells, membrane pro18
teins play important roles in various cellular processes.
Transmembrane proteins represent around 30% of total
19
proteins. Membrane proteins are important in the aspect
of pharmacological action of drugs, and many successful
drugs target on the activity of membrane proteins. Therefore, the identification of altered membrane proteins by
specific stimuli is required to understand the pathophysiologic mechanism of the disease.
Present study aims to determine the differentially expressed proteins in the membranes of cerulein-treated
pancreatic acinar cells by two-dimensional electrophoresis
(2-DE) using pH gradients of 5-8 and matrix-assisted laser desorption/ionization-time of flight mass spectrometry
(MALDI-TOF MS) analysis. In addition, Western blot
analysis was performed for the proteins which were differentially expressed by cerulein treatment, determined by
proteomics.
AR 42J cells, used in the present study, is the only currently available cell line that maintains many characteristics of normal pancreatic acinar cells, such as the syn20
thesis and secretion of digestive enzymes. Therefore,
this cell line has been widely used as an in vitro model to
study cellular secretion, growth, proliferation, and apopto20-23
sis of the exocrine pancreas.

MATERIALS AND METHODS
1. Reagents and materials
Electrophoresis reagents including acrylamide solution
(25%), N,N’-methylenebisacrylamide, N,N,N’,N’-tetramethylethylene diamine, tris (hydroxylmethyl) aminomethane
(Tris) base, glycine, sodium dodecyl sulfate (SDS), ammonium persulfate, dithiothreitol (DTT), 3-[(3-cholamidopropyl)dimethylamino]-1-propanesulfonate, urea, thiourea,
Bio-lyte, sulfobetaine 3-10, tributyl phosphine, Immobiline Dry Strips, immobilized pH gradient (IPG) buffer,
IPG cover mineral oil, iodoacetamide and trifluoroacetic
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acid (TFA) were purchased from Bio-Rad Laboratories
(Hercules, CA, USA). Coomassie Brilliant Blue (CBB)
G-250 was purchased from Amersham Biosciences (Piscataway, NJ, USA). Trypsin (modified) was obtained from
Promega (Madison, WI, USA). ZipTipC18 microcolumn
was purchased from Millipore (Bedford, MA, USA). αCyano-4-hydroxy-trans-cinnamic acid was purchased from
Sigma (St. Louis, MO, USA). Antibodies against Nox, aldolase A, γ-actin, isocitrate dehydrogenase 3 (ICD 3),
seven in absentia homolog 1A (SIAH 1A), and actin were
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA) while antibodies against heat shock protein 60
(Hsp 60) and protein disulfide isomerase (PDI) were obtained from Cell Signaling (Danvers, MA, USA). Other
analytically pure reagents were domestically produced.
2. Cell culture
The rat pancreatic acinar AR42J cells (ATCC CRL
1492) were obtained from the American Type Culture
Collection (Manassas, VA, USA) and cultured in Dulbecco’s modified Eagle’s medium (Sigma) supplemented with
10% fetal bovine serum (GIBCO-BRL, Granad Island, NY,
USA) and antibiotics (100 U/mL penicillin and 100μg/
mL streptomycin) in a 5% CO2 and 95% O2 atmosphere.
3. Experimental protocol
6
The acinar cells were plated at a density of 2×10 /mL
in a 100 mm culture plate (Falcon 3047; Becton Dickinson Labware, Lincoln Park, NJ, USA) and allowed to attach for 12 hours. The cells were treated with cerulein at
−8
a concentration of 10 M and cultured for 1 hour (for
proteomic analysis) and 1.5 hour (for Western blotting
for the differentially expressed proteins). After determination of membrane fraction by Western blot analysis for
Nox as membrane marker, the membrane proteome was
separated by two-dimensional electrophoresis (2-DE) using pH gradients of 5-8 and identified by matrix-assisted
laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS) analysis of the peptide digests. In
addition, the differentially expressed proteins, determined
by proteomic analysis, were verified by Western blotting.
The dose of cerulein and duration of exposed time to the
cells were adapted from our previous studies showing
that cerulein activated NF-κB and inflammatory cytokine
13-16
expression.

4. Protein extraction and fractionation
The AR42J cells were trypsinized and washed with PBS
buffer and then centrifuged at 500 rpm for 5 minutes.
The cells were resuspended with lysis buffer containing
10 mM Tris, pH 7.4, 50 mM NaCl, 1 mM EDTA, 50μM

86

Gut and Liver, Vol. 4, No. 1, March 2010

leupeptin, 25μM pepstatin, 25μM aprotin, and 1 M
PMSF and extracted by drawing the cells through a 1 mL
syringe with several rapid strokes. Nuclei and intact cells
were sedimented down at 2,000 × g for 10 minutes, and
cytosolic and membrane fractions were separated further
by centrifugation at 100,000 × g for 1 hour. Western blot
analysis was performed to identify the cytosolic fractions
and membrane factions using aldolase A and Nox1 as the
cytosolic and membrane markers for the cells cultured in
the presence of cerulein for 1 hour (Fig. 1A). The membrane fractions were resuspended and then protein contents were determined by Bradford protein assay.
5. Western blot analysis
The membrane fractions were separated by 11% SDSpolyacrylamide gel electrophoresis and transferred onto
nitrocellulose membranes (Amersham Inc, Arlington Heights, IL, USA) by electroblotting. After blocking of nonspecific binding with 5% nonfat dry milk in TBS-T (Trisbuffered saline containing 0.15% Tween 20) for 2 hours

at room temperature, the proteins were detected with antibodies for aldolase A (1:500; sc-12059; Santa Cruz
Biotechnology), Nox (1:1,000; sc-34699; Santa Cruz
Biotechnology), Hsp 60 (1:1,000; Catalog No. 4870; Cell
Signaling, Danvers, MA), PDI (1:1,000; Catalog No. 2446;
Cell Signaling), γ-actin (1:1,000; sc-65634; Santa Cruz
Biotechnology), ICD 3 (1:1,000; sc-55670; Santa Cruz
Biotechnology), SIAH 1A (1:1,000; sc-5505; Santa Cruz
Biotechnology), and actin (1:1,000; Santa Cruz Biotechnology) diluted in TBS-T containing 5% dry milk, and ino
cubated at 4 C overnight. Primary antibodies were detected using horseradish peroxidase-conjugated secondary
antibodies, and visualized by the ECL detection system
(Santa Cruz Biotechnology) according to the manufacturer’s instruction. Since there is no commercially
available antibody for mannan-binding lectin-associated
serine protease-2 (MASP-2), the protein could not be
verified by Western blotting.

Fig. 1. Western blot analysis for aldolase A and Mox1 (A) and 2-DE gel map derived from non- treated and cerulein-treated cells
6
(B). (A) The cells (2×10 /mL in a 100 mm culture) were treated with cerulein for the indicated time periods. Cytosolic and membrane fractions were isolated from the cells. Protein levels of aldolase 1 and Nox were determined by Western blotting using anti-aldolase A and anti-Nox antibodies. Aldolase A and Nox were used for the markers of cytosolic and membrane fractions, respectively.
(B) The protein (300μg in 300μL) was applied to pH 5-8 linear IPG strips (17 cm), with 11% linear vertical SDS-PAGE as the second
dimension. The gel was visualized by Coomassie staining. The numbered proteins are those that were differentially expressed between non-treated cells (none) and cerulein-treated cells (cerulein). The numbers I 1-4 indicate up-regulated proteins while the
numbers D 1-2 denote down-regulated proteins by cerulean treatment.
IEF, isoelectric focusing.
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6. Isoelectric focusing (IEF) and 2-DE separation
Three hundred μg of membrane protein (in 300μL)
was adsorbed onto a 17 cm IPG strip (pH 3-10, pH 5-8),
and then electrophoresed on a IEF cells (Bio-Rad) for
o
70,000 Vh at 20 C. Following IEF, the IPG strips were
subjected to equilibration for 15 minutes in equilibration
buffer (375 mM Tris-HCl, pH 8.8, containing 6 M urea,
2% w/v SDS, 20% v/v glycerol, and 2% w/v DTT). Strips
were then re-equilibrated for 15 minutes in the same buffer containing 2.5% w/v iodoacetamide in place of DTT.
In all cases, molecular weight separation was achieved using Protean II xi cell gel SDS-PAGE system (Bio-Rad).
7. Coomassie Brilliant Blue (CBB) G-250 staining
Duplicate samples were separated on 11% linear SDS
polyacrylamide gel. Proteins in one gel were CBB stained.
After overnight fixation (50% ethanol, 2% w/v phosphoric acid), the gels were washed three times for 20 min
in double-distilled water and incubated for at least 48
hours in a solution containing 34% methanol, 17% ammonium sulfate, 3% w/v phosphoric acid and CBB G-250
powder (0.1%). The stained gels were digitalized using a
GS 690 Imaging densitometer (Bio-Rad) at a resolution of
400×400 dpi.
8. Image analyses
The digitalized images from the CBB stained gels from
non-treated cells and cerulein-treated cells were analyzed
using the 2-DE gel analysis program PDQuest (Bio-Rad).
A comparison report of qualitative and quantitative differences of the samples for each set of data was then
generated.
9. In-gel digestion
In-gel digestion of proteins from the CBB stained gels
2
was performed as follows. Spots were excised to 1-2 mm
slices using a blade, destained with freshly prepared 15 M
potassium ferricyanide/50 mM sodium thiosulfate, washed with 25 mM ammonium bicarbonate/ 50% acetonitrile,
and dried in a SpeedVac Plus SC100A (Savant, Holbook,
NY, USA) vacuum concentrator. The dried gel pieces
were rehydrated with 3-10μL of 20 ng/μL trypsin solution (Promega), the solution volume being enough for
the dried gel to be reswelled. Digestion was continued at
o
37 C for 14-18 hours. Tryptic peptides were first exo
tracted using 5% TFA for 40 C for 1 hour, then 2.5%
o
TFA/50% acetonitrile at 30 C for 1 hour. The extracted
solutions were mixed in an Eppendorf tube, and dried in
a vacuum concentrator.
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10. MALDI-TOF MS identification of peptide mixtures
The peptide mixture was solubilized with 0.5% TFA
for MS analysis. MS was performed on a Micromass
M@LDI-TOF (Manchester, UK) with saturated α-cyano4-hydroxy-trans-cinnamic acid solution in 0.1% TFA/50%
acetonitriles as matrix. Mass spectra were externally cali＋
brated with autodigest peaks of trypsin (MH : 906.505
Da, 1020.504 Da, 1153.574 Da, 2163.057 Da, 2273.160
Da). The peptide mass maps produced by MALDI-TOF
MS were searched against the published databases by
means of the MS-Fit module in Protein Prospector (http:
//prospectorucsf.edu/ucsfhtml3.4/msfit.htm) and Mascot
(Matrix Science, http://www.matrixscience.com).
11. Statistical analysis
The statistical differences were determined using
one-way ANOVA by Newman Keuls test. All values were
expressed as means±S.E. of three different experiments.
A value of p＜0.01 was considered statistically significant.

RESULTS
Western blot analysis showed the constitutively expressed aldoase A in cytosolic fractions and Nox in membrane fractions of pancreatic acinar cells at the beginning
of the experiment, which was not changed with cerulein
treatment for 1 hour (Fig. 1A). The results demonstrate
that there was no contamination of cytosol in the membrane fraction used in the present study. 2-DE separation
of membrane proteins extracted from non-treated cells
and cerulein-treated cells were carried out to determine
the proteins differentially expressed by cerulein treatment.
For the protein expression profile, 2-DE separation was
first performed in the pH range of 3-10 (data not shown).
Since major protein changes were shown in the range of
pH 5-8, further 2-DE separation was repeatedly performed from the protein extracts of non-treated cells and
cerulein-treated cells between pH 5 and pH 8. Fig. 1B
shows the representative of three separate experiments.
The CBB stained gels were scanned with the GS 690
Imaging densitometer at 400 ppi grayscale level. After
spot detection, background subtraction and volume normalization, six differentially expressed proteins were detected in membrane fraction of cerulein-treated cells as
compared with non-treated cells (Fig. 1B). The differentially expressed proteins whose expression level was
more than three-fold increase or decrease in ceruleintreated cells as compared to non-treated cells were selected for the further analysis. The expression level was
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Fig. 2. Segments of 2-DE gel map derived from non-treated (none) and cerulein-treated cells (cerulein). The arrows indicate the
differentially expressed proteins whose expression level was more than three times higher or lower in cerulein-treated cells than
non-treated cells. The expression level was determined by the relative spot volume of the proteins compared with the total amount
of the protein in the gel, and is expressed as the percentage volume (right panel). The proteins were identified by the MALDI-TOF
MS analysis. A representative gel image and expression level (percentage volume) for each spot is shown. For each spot, the
percentage volume was averaged and expressed as a mean±S.E. from three different experiments.
*p＜0.01 versus the none-treated cells. The proteins identified with MALDI-TOF MS were (I1) Hsp60, (I2) MASP-2, (D1) PDI, (D2)
γ-actin, (D3) ICD3, and (D4) SIAH 1A. Hsp60, heat shock protein 60; PDI, protein disulfide isomerase; ICD3, isocitrate
dehydrogenase 3; SIAH 1A, seven in absentia homolog 1A; MASP-2, mannan-binding lectin-associated serine protease-2.
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determined by the relative spot volume of the proteins as
compared to total amount of protein in the gel (Fig. 2).
Differentially expressed proteins between non-treated
cells and cerulein-treated cells were excised from 2-DE
gels and identified using peptide mass fingerprinting.
Mascot search using the peptide mass fingerprinting data
indicated that the differentially expressed proteins are
up-regulated two proteins (MASP-2, Hsp 60) and downregulated four proteins (PDI, γ-actin, ICH 3, SIAH 1A)
by cerulein treatment in pancreatic acinar cells (Table 1).
After proteomic analysis, the differentially expressed proteins were verified by Western blot analysis (Fig. 3A).
The results confirmed that Hsp 60 was up-regulated
while PDI, γ-actin, ICD 3, and SIAH 1A were downregulated by cerulein in AR42J cells. Total actin as a loading control was not changed by cerulein treatment.
MASP-2 was not verified by Western blotting due to lack
of the commercially available antibody for the protein.
The proteins having cell defense mechanism against oxidative stress include Hsp 60, PDI and ICD 3. The proteins related to cell signaling are MASP-2, SIAH 1A, Hsp
60 and PDI. The protein mediating cytoskeleton arrangement is γ-actin. Some proteins share their functional
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roles. Hsp 60 and PDI have functions in cellular defense
mechanism and cell signaling (Fig. 3B). Among the proteins involved in cell defense mechanism, Hsp 60 was in-

Table 1. Proteins That Were Analyzed with MALDI-TOF MS
No.

Masses Protein Accession
matched MW/pI
no.

I1

22

I2

27

D1

13

D2

20

D3

15

D4

17

Description

Sequence
coverage
(%)

60966/ 11560024M Heat shock
5.9
protein 60
36951/ 6689087
Mannan-binding
6.0
lectin-associated
serine protease-2
57117/ 07237P
Protein disulfide
4.9
isomerase
41793/ 4501887M γ-Actin
5.3
39614/ 16758446M Isocitrate
6.5
dehydrogenase 3
32017/ 18266718M Seven in absentia
6.7
homolog 1A

42
37

56
46
44
30

The differentially expressed proteins whose expression level
was more or less than three times in cerulein-treated cells
than non-treated cells were shown. Details about the
MOWSE program can be found at http://matrixscience.com/
help/history.html and http://srs.hgmp.mrc.ac.uk/cgi-bin/mowse.
Mass matched expresses the number of peptides identically
matched between identified peptides of the in-gel digested
samples by MALDI-TOF and the peptides of the known
protein; the numbers in parentheses indicate the percentage
of peptides identically matched compared with the total
numbers of the identified peptide of the sample by MALDITOF (http://prospector.ucsf.edu/ucsfhtml4.0/misfit.htm) and
Mascot (Matrix Science, http://matrixscience.com).

Fig. 3. Western blot analysis for the differentially expressed
proteins (A) and diagram according to the functional role of
the proteins (B). (A) The differentially expressed proteins,
determined by proteomics, were assessed by Western blot
6
analysis. The cells (2×10 /mL in a 100 mm culture) were
treated with cerulein for the indicated time periods. The
membrane fractions were isolated from the cells. Protein levels of Hsp60, PDI, γ-actin, ICD3, SIAH 1A, and actin were
determined by Western blotting. Since there is no commercially available antibody for MASP-2, the protein could not be
verified by Western blotting. (B) Diagram of the proteins
shows the overlap among the proteins whose expression
levels were more than three-fold different between nontreated cells and cerulean-treated cells. The proteins having
cell defense mechanism against cellular stress including oxidative stress include Hsp60, PDI and ICD3. The proteins
related to cell signaling are MASP-2, SIAH 1A, Hsp60 and
PDI. The protein showing a role in cytoskeleton arrangement
is γ-actin. Some proteins share their functional roles. Hsp60
and PDI have functions in cellular defense mechanism and
signal transduction.
Hsp60, heat shock protein 60; PDI, protein disulfide isomerase; ICD3, isocitrate dehydrogenase 3; SIAH 1A, seven in
absentia homolog 1A; MASP-2, mannan-binding lectin-associated serine protease-2.
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duced while PDI and ICD 3 were down-regulated by cerulein treatment in pancreatic acinar cells. Therefore, cerulein may induce oxidative stress which may mediate inflammatory signaling and induce cytoskeletal changes in
pancreatic acinar cells.

DISCUSSION
For the pathogenesis of pancreatitis, the activation of
oxidant-sensitive transcription factor such as NF-κB and
chemokine expression in pancreatic acinar cells have been
24-26
Since plasma levels of CCK are increased in
studied.
27
the patients with gallstone pancreatitis and the defect
in CCK regulation was shown in the patients with alco2
holic pancreatitis, CCK may have a critical role in the
development of acute pancreatitis. CCK is a peptide hormone that has important physiologic functions mediated
28
through specific membrane-spanning receptors. Binding
2＋
of CCK to CCK receptor stimulates intracellular Ca levels and mediates the physiologic functions such as pan29,30
creatic enzyme secretion including amylase and lipase.
The severity of pancreatitis is related to CCK level and
31
the oxidative indices such as lipid peroxides in serum.
32
Since CCK receptor is present in pancreatic acinar cells,
33
not in pancreatic ductal cells or islet cells, cerulein-induced alterations in protein expression may affect the
exocrine function of pancreas by changing physiological
roles of pancreatic acinar cells.
In the present study, increase in Hsp 60 was observed
in the membrane of cerulein-treated pancreatic acinar
cells. Heat shock proteins (Hsp or stress proteins) are
produced in response to various stimuli including oxida34,35
Hsp deals with denatured proteins and to
tive stress.
act as scavengers that trap disorderedly polypeptides,
thereby protecting the stressed cells from disastrous cascading denaturation. Another important physiological role
of Hsp is unfolding and refolding of proteins, which is required for the transport of the proteins across cell membranes. Recent study demonstrated that prior thermal
stress can protect the animals from the subsequent devel36
opment of secretagogue-induced pancreatitis and argi37
nine-induced pancreatitis. Thermal stress induced intra37,38
Water
pancreatic upregulation of Hsp 70 expression.
immersion stress increased the expression of Hsp 60 and
Hsp 70 and prevented the development of acute pan39
creatitis in animals. The possible role of Hsp 70 in the
protection against cholecystokinin-induced pancreatitis has
been suggested for its inhibitory effect on pro-inflamma40
tory cytokine expression. In contrast, heat-pretreatment
had no preventive role on development of trypsin-induced
41
acute pancreatitis in rats. In early stage of pancreatitis,

digestive enzymes including trypsinogen are prematurely
activated within the pancreas. Hsp 70 expression was related to suppression on spontaneous activation of trypsinogen by inhibiting the phosphorylation of extracellular
42
signal-regulated kinase in the pancreas of the rats.
Previously, Hsp 90 increased in whole cell extracts of
−8
pancreatic AR42J cells treated with cerulein (10 M) for
17
24 hours. Since Hsp 60 is located at mammalian cell
surfaces, we could detect up-regulated Hsp 60 in membrane of cerulein-treated AR42J cells in the present study.
Hsp 60 is known to be highly expressed in ovarian can43
44
cer and ischemia/reperfusion injury of rat heart. Since
Hsp are induced by oxidative stress as molecular chaperones, Hsp 60 might be induced for its defensive role
against cerulein-induced cell damage in the membranes
and possibly initiate the intracellular signaling pathways
to disease-related gene expression.
The other increased protein MASP-2 is capable of activating complement system and destruction of infectious
45
agents as well as modulating pro-inflammatory cytokines.
The lectin pathway is part of the innate immune system
providing the first line of defense against infections.
Mannose-binding lectin forms a complex with MASP-2,
46
which activates complement pathway. Cerulein-induced
MASP-2 may modulate inflammatory cytokines and it may
be involved in initiation of signaling since mannose-binding lectin indirectly interacts with cell surface receptors.
Endoplasmic reticulum (ER) plays a central role in the
synthesis and distribution of many cellular proteins.
Before proteins can be transported towards their final
destination, disulfide bonds essential for a proper folding
47
have to be formed. In human fibroblasts, hydrogen peroxide oxidizes the proteins including PDI, which are im48
portant in the protein folding machinery in ER. Oxidation of the protein-folding machinery may lead to improper folding and/or accumulation of proteins to be secreted
since only correctly folded proteins exit the ER. In correctly folded proteins are retained and will be degraded.
Therefore, improper functioning of the ER can have serious consequences for the cells. Since cerulein induced oxidative stress to the pancreatic acinar cells, this may lead
to damage ER resident chaperone PDI. PDI is reported to
regulate signaling by sequestering inactive and activated
49
Stat3. PDI expression is highly increased in pancreatic
49
ductal carcinoma. These reports demonstrate the possible involvement of PDI in carcinogenesis. Present cerulein-induced decrease in ER chaperone PDI may indicate
loss of defensive mechanism of the cells against oxidative
stress. Further study should be focused on the relation
between acute pancreatitis and ER protein to determine
pathophysiologic mechanism of acute pancreatitis.
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The cerulein-evoked increase in intracellular Ca＋＋ and
ROS are believed to be the main intracellular signal for
10
enzyme and fluid secretion, and cytoskeleton function in
10
the pancreas. Present cerulein-induced decrease in γactin may contribute to cytoskeletal disturbances in the
intracellular transport of digestive enzymes, leading to
their premature intracellular activation. Cytoskeletal proteins generate a variety of intracellular movements, including intracellular particle transport during mitosis50
meiosis. Possible role of cytoskeletal proteins on cell
death or cell differentiation has been suggested.51 Even
though total actin mainly consists of β and γ-actin, the
gene regulation of β and γ-actin is different in response
52
53
to thyroid hormone and during differentiation. γ-actin
decreases more quickly than of β-actin during differen53
tiation. Present decrement of γ-actin in the membrane
may be related to cytoskeletal changes in pancreatic acinar cells during cerulein treatment.
Oxidative stress induces the peroxidation of membrane
lipids. ICD plays an important role against lipid peroxidation-mediated oxidative damage through the removal
54
＋
of ROS. NAD(P) -dependent ICDs are enzymes that re＋
duce NAD(P) to NAD(P)H using isocitrate as electron
donor. ICD provides NAD(P)H, an essential reducing
equivalent for antioxidant systems in alcoholic induced
54
55
liver injury and fatty acid synthesis in hepatic cells.
Since this enzyme appears to be involved in cellular de54-56
the present decrease in ICD 3 in memfense system,
brane may demonstrate the loss of defense mechanism in
cerulein-treated pancreatic acinar cells.
Another decreased protein, seven in absentia homolog
(SIAH), is an integral membrane protein functioning as
57
ubiquitin-protein ligase. It competitively interacts with
＋＋
58
Ca /calmodulin for glutamate receptors. Further study
should be performed to identify the role of seven in absentia homolog in the membrane of pancreatic acinar
cells.
2＋
Cerulein increases intracellular Ca levels, which may
activate various intracellular signaling mediators for en9
2＋
zyme and fluid secretion. Ca may activate ROS production, which may induce the alteration of the cytoskele10
ton function. Changes in cytoskeletons disturb the intracellular transport of digestive enzymes, leading to pre11
mature activation of the digeative enzymes. Antioxi2＋
dants including glutathione, SOD and catalase or Ca
chelators BAPTA-AM suppressed cytokine expression in12
duced by cerulein in pancreatic acinar cells. Taken together, the production of ROS may be mediated by intra2＋
2＋
cellular Ca . ROS scavengers or Ca chelators may modify cerulein-induced changes in protein expression of
pancreatic acinar cells.
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We found that the differentially expressed proteins in
the membrane of cerulein-treated cells are related to cell
signaling, oxidative stress, and cytoskeleton arrangement.
Oxidative stress may induce cerulein-induced cell injury
and disturbances in defense mechanism (increase in Hsp
60 and decrease in ICD 3 and PDI) in pancreatic acinar
cells. Cerulein may initiate the intracellular signaling
pathways to the expression of disease-related genes including MASP-2. Since ROS produced in pancreatic acinar
cells may recruit inflammatory cells including neutrophils
into the damaged tissues, the early event induced by cerulein in pancreatic acinar cells may affect the behavior of
other cells such as immune cells and influence later propagation of inflammatory process in pancreas. The present
results are supported by the previous proteomic analysis
for whole cell extracts showing that five differentially expressed proteins are related to oxidative stress, cytoskele17
tal function, and cell signaling. With the proteins differentially expressed in the present study using cerulein
treatment, the further signaling or pathologic mechanism
studies would be performed to determine pathophysiologic mechanism of acute pancreatitis.
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