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Abstract
Role of Angiotensin Il Type 2 Receptor and VEGF-Dn Cerulein-

Induced Inflammation of Pancreatic Acinar Cells

Jang Won LEE

Department of Medical Science,

The Graduate School, Yonsel University

(Directed by Professor Kyung Hwan KIM)

Cerulein-induced pancreatitis model is similar toman acute edematous
pancreatitis. Their common characteristics includigsregulation of the
digestive enzyme production, aberrant cytoplasmicuwhzation, death of
acinar cells, edema formation, and infiltrationimlammatory cells into the
pancreas.

The present study was designed to elucidate the{sjobf VEGF-D and
angiotensin Il type 2 receptor in inflammatory sigmgin cerulein-stimulated
rat pancreatic AR42J cells. Stimulation of AR42llscey cerulein caused
differential expression of several membrane prgtekmong these proteins,
level of VEGF-D was increased by cerulein treatmémygiotensin Il type 2
receptor, another renin-angiotensin system compgpnienlocalized and
associated with cerulein-induced inflammation imgraatic acinar cells. In
this study, it was shown that angiotensin Il typee2eptor interacts with
VEGF-D.

Cytokine expression was inhibited by treatment WBRK1/2 or MEK1
— 1 —



antagonists as well as by transfection with dontimegative genes such as
kB mutant, RasN-17 (for Ras) or TAM67 (for c-Jun)cerulein-stimulated
AR42J cells. This indicates that NiB, AP-1 and ERK1/2 are involved in
cerulein-induced inflammation. Furthermore, cemd@iduced activation of
NF-«B and AP-1 was inhibited by antagonist of ERK1/BisTsuggests that
activation of NF«B as well as that of AP-1 is mediated by ERK sigmgal
pathways.

Cerulein induced translocation of VEGF-D to thd salface, and increased
its interaction with angiotensin Il type 2 receptAntisense-oligonucleotide
for VEGF-D suppressed activation of MB- and AP-1 as well as IL-6
expression in cerulein-stimulated AR42J cells. Td@monstrates that VEGF-
D activates expression of cytokines through adtivadf AP-1 and NFReB.
Additionally, expression of cytokines was inhibitbg angiotensin Il type 2
receptor antagonist but not by VEGF receptor amtsgjoin cerulein-
stimulated AR42J cells. In conclusion, VEGF-D méesathe inflammatory
signaling of pancreatic acinar cells through intdoem with angiotensin Il
type 2 receptor.

Key words: VEGF-D, Angiotensin Il type 2 receptarerulein, acute

pancreatitis



Role of Angiotensin Il Type 2 Receptor and VEGF-Dn Cerulein-

Induced Inflammation of Pancreatic Acinar Cells

Jang Won LEE

Department of Medical Science,

The Graduate School, Yonsel University

(Directed by Professor Kyung Hwan KIM)

|. INTRODUCTION

Acute pancreatitis is a multifactorial disease aisded with the release of
digestive enzymes into the pancreatic interstitiamd to the systemic
circulationt™>, The production and release of cytokines are ise@an acute
pancreatitis, which can ultimately lead to the tieus local and systemic
effects. Despite considerable progress in undatstgnpathophysiology of
pancreatitis, the mechanisms of the developmenthisf disease remain
obscure. A number of animal models in experimepgaicreatitis have been
well developed. Administration of supramaximal dogeerulein is one of the
best characterized and widely studied experimeptatcreatitis models.
Supramaximal dose of cerulein results in dysregradf the production and
secretion of digestive enzymes. It also causesptagmic vacuolization and
death of acinar cells, edema formation, and iafilbn of inflammatory cells
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into the pancreééﬁ. Cerulein induces reactive oxygen species (ROS)
production, cytokine expression and apoptosis ih pancreas and in

3638 However the pathogenic mechanism of

pancreatic acinar cell lifle
pancreatitis has not been clarified. Over the pagtral years, evidences have
accumulated on the involvement of inflammatory matalis in the
development of pancreatﬁi?. Systemic levels of interleukin (IL)-6 and IL-8
are increased in patients with acute pancreatitid eorrelated with the
severity of the disease. There is considerableceael that pro-inflammatory
cytokines such as tumor necrosis factor (TMFAd IL-18 play a central role
in acute pancreatitis and may mediate the systewmioplication of acute
pancreatiti& *® *7 IL-1p and TNFe act as proximal mediators, and induce
production of other mediators including IL-6 and-88. The cellular
mechanism of these inflammatory molecules involvastivation of
transcription factors such as NB- and AP-18, Activation of NF«B in the
pancreas has recently been demonstrated in ratleitepancreatitis.
Inhibition of NF«xB activation resulted in a decrease in the expoassi
cytokines® 1% 29 Ap.1 as well as NRB represents early response
transcriptional complexes essential for the gergession of inflammatory
molecules. MAP kinases are serine-threonine-dicedtmases originally
identified as being activated by mitogens. Theyautivated by a variety of
stimuli including growth factors, cytokines, neusstsmitters, hormones,
extracellular matrix molecules, and cell stfés® 37 MAP kinases regulate a
number of cellular processes including gene trépison, protein translation,
metabolism, and the function of the cytoskeletotsoA MAP kinases are
involved in control of cell growth, differentiatiprsurvival, and apoptosis.
Currently, there are five independent MAP kinasscades, but information

_4_



on their function in the pancreas and other difigeged cells is limited to the
cascades leading to the extracellular signal-regdlkinasel/2 (ERK1/2), c-
Jun-NH2-terminal kinases1/2 (JNK1/2), and p38 MARE&E?.

To understand early pathophysiologic mechanism aftea pancreatitis,
differentially expressed membrane-proteins werelyaed in cerulein-
stimulated AR42J ceffé. Among these membrane-proteins, VEGF-D was
increased by cerulein. VEGF family is involved gmin-angiotensin system
components. It activates ERKf#2and its human orthologue shares 84%
identity. It was named VEGF-D because its primaguence is most similar
to VEGF-C. Both VEGF-C and VEGF-D are recognized8GF receptor-2
and VEGF receptor-3, which are present on endatheils?>*

Recently, it was reported that renin-angiotensisteay components are
present in isolated acinar cells as well as AR4Jlioe®* %% 27 Interestingly,
pancreatic inflammatory conditions such as paniti®atypoxia, and fibrosis
can upregulate the renin-angiotensin system conmgsni& the pancreas,
leading to further inflammation and tissue inﬁ?rﬁ‘l. This suggests that these
may play an important role in the signal transductiof pancreatitis-
inductiorf. Also, recently, it was reported that VEGF-D exgsien is related

7,34

to ERK1/2 activation in several céif and the inflammation of these

cells is induced by interaction of VEGF-D with aoiginsin Il type 2 receptor
28.29 However, the role of VEGF-D in signaling pathwafypancreatitis has
not known yet. The present study was designedumdgte whether VEGF-D
is associated with angiotensin Il type 2 recepamd involved in cytokine
expression in cerulein-stimulated AR42J cells. Thkes of VEGF-D and
angiotensin Il type 2 receptor in inflammation oérdein- stimulated

pancreatic acinar cells were also investigated.

_5_



Il. MATERIALS AND METHODS

1. Cell line

The rat pancreatic acinar AR42J cells (pancreat&fi@C CRL 1492) were
cultured in Dulbecco’s modified Eagle’'s medium (8a&y St. Louis, MO,
USA) supplemented with 20% fetal bovine serum (QIBBRL, Granad
Island, NY, USA) and antibiotics (100 U/ml penitilland 100 g/mi
streptomycin) in a 10% Cand 90% Q. Induction of acute pancreatitis is

achieved by stimulation of supramaximal concerdratf cerulein (18 M).

2. Preparation of cytosolic and membrane fraction

The AR42J cells were trypsinized and washed witlesphate buffered
saline (PBS) and then centrifuged at 500 rpm foinSrithe cells were
resuspended with lysis buffer containing 10 mM Tnsfer pH 7.4, 50 mM

NaCl, 1 mM EDTA, 50uM leupeptin, 50uM aprotitin, and 1 mM

phenylmethylsulfonylfloride. And cells were lysed/ lrawing the cells
through a 1 ml syringe with several rapid strokésclei and intact cells were
sedimented down at 2,000 x g for 10 min. Membrame @ytosolic fraction
were separated further by centrifugation at 100,0@0for 1 hr. The protein
content was determined by using a BCA protein askiy (Bio-rad

laboratories, Hercules, CA, USA).

3. Transfection

Subconfluent AR42J cells were plated in 10-cm celiishes. To observe
signaling of cytokine expression, the cells weems$fected for 24 hr with 10
ug of pcDNA, kB mutant, RasN-17 or TAM67 expression plasmid aocss

_6_



using DOTAP (Boehringer Mannheim, Mannheim, Germai®n the other

hand, to investigate signaling by VEGF-D, the celése transfected for 24 hr
with 500 uM of VEGF-D sense (5-CAAAATGTA TGGAGAGTGGG-3’) or
500 uM of antisense (5'-CCCACTCTCCATACATTTTG-3)

oligodeoxynucleotide (GIBCO-BRL, Granad Island, NDGA).

4. Reverse transcription-polymerase chain reaction

Total RNA is isolated from cells by guanidine thyaoate extraction
method®. cDNA was synthesized with gg total RNA. Polymerase chain
reaction (PCR) was carried out with 160 ng cDalAd cytokine (IL-B, IL-6,
TNF-a) primer. Total volume of PCR was adjusted touP@ith 10 mM Tris-
HCI (pH 8.3), 50 mM KCI, 2 mM Mg 0.1 mM dNTP, and 0.6U Tag
polymerase. The internal control (GAPDH) is coafiigdi with a cytokine.
Expression level of cytokine mRNA is normalizedthat of housekeeping
gene (GAPDH) in the same sample. The sequencelLf@p Iprimer is 5'-
TCCTAGGAA ACAGCAATGGTCG-3'(forward primer) and '5
TTCATCCCATACACACGGACAAC-3'(reverse primer). The ssence for
IL-6 primer is 5-CTGGTCTTCTGGAGTTCCGTT TC -3'(forard primer)
and 5-CATAGCACACTAGGTTTGCCGAG-3'(reverse primer). The
sequence for TNk~ is 5-CTCAAAGACAACCAACTGGTGGTAC-
3'(forward primer) and BACAGAGCAATGACTCCAAAGTAGACC-
3'(reverse primer). GAPDH sequence is 5'-ACCACAGTAIGCCATCAC-
3'(forward primer) and BTCCACCACC CTGTTGCTGTA-3'(reverse
primer). PCR amplification was performed employinige following
conditions: denaturizing at 95°C for 30 sec, aringait 60°C for 30 sec, and

extension at 72°C for 30 sec for a total of 32 egcFive-micro liter samples

_7_



from each 251 PCR product were removed and analyzed by elelctnesis
and UV transillumination on 1.5 % agarose gel imr@ 0.5pg/ml ethidium
bromide.

5. Enzyme-linked immunosorbent assay

The medium was immediately removed from cultusex] centrifuged at
15,000 x g to remove cell pellets and cellular gelrevels of IL-6, IL-B
and TNFe in medium were determined using enzyme-linked imosorbent
assay (ELISA) kit (Bio-source Inc., Canton, MA, USAccording to the

manufacturer's instructions.

6. Western blotting analysis

Proteins in cell lysate, cytosolic fraction or memle fraction were
separated by sodium dodecyl sulfate—polyacrylanigé electrophoresis
(SDS—PAGE containing 10% polyacrylamide). Aftercilephoresis, proteins
were transferred onto nitrocellulose membrane (Aimam, Arlington Heights,
IL, USA) by semidry blotting system (Bio-rad labtwdes, Hercules, CA,
USA). After transfer of proteins onto nitrocellubbsnembrane, non-specific
sites were blocked by a solution of Tris-bufferatire with Tween 20 (TBS-
T: 50 mM Tris, 150 mM NacCl, 0.02 % (v/v) Tween-2fH 7.4), containing
5 % (w/v) nonfat dry milk, for 2 hr at room temparre with gentle
agitation. The nitrocellulose membrane was therubated with specific
antibody at a concentration of 0.2 pg/ml (1:10G0)IBS-T containing 5 %
(w/v) nonfat-dry-milk for 12 hr at 4 °C. The nitrellulose membrane was
washed with TBS-T. Following the incubation of tigocellulose membrane
with horseradish peroxidase (HRP)-conjugated gattrabbit IgG for 2 hr
(1:2000 dilution in TBS-T containing 5 % (w/v) natfdry-milk), the

-8-



nitrocellulose membrane was washed eight timeslfbmin with TBS-T.
Immunoreactive proteins were visualized by enhancieeimiluminescence
(Amersham, Arlington Heights, IL, USA).

7. Electrophoretic mobility shift assay

Enzyme-linked immunosorbent assay (EMSA) was peréar with nuclear
extracts prepared from non-stimulated cells or leamstimulated cells.
Briefly, 30 pg of nuclear extract was incubated witiP-labeled probes in
binding buffer (20 mM HEPES (pH 7.4), and 5 mM EQT200 mM KClI,
25 % glycerol) for 40 min at room temperature®’P-labeled probes
contained the following double-stranded oligonutithes, which were
generated by a kinase reaction with polynucleokiase and+{-*P] ATP
(Amersham, Piscataway, NJ, USA) B- (5-
AGTTGAGGGGACTTTCCCAGGC-3)), AP-1 (5-
CGCTTGATGACTCAGCCGGAA-3’). Reaction mixtures weraadyzed on
6% polyacrylamide gels containing 0.25M TBE buffge.5 mM tris, 22.5
mM borate and 500M EDTA, pH 8.0). The gel was then dried for 1 hr at
80 °C and exposed to Kodak film (Eastman Kodak Rochester, NY, USA)
at—80 °C.

8. Proteomics

A. Isoelectric focusing and two-dimensional electdpmresis separation
Three hundreqig of membrane fraction isolated from cells wereosolsd
onto a 17 cm IPG strip (pH 5-8), and then electoopbed on an isoelectric
focusing (IEF) cells (Bio-Rad Laboratories, HersJIEA, USA) for 70,000
Vh at 20°C. Following IEF the IPG strips were subjected qoikbration for

_9_



15 min in equilibration buffer (375 mM Tris-HCI, pB.8, containing 6 M

urea, 2 % w/v SDS, 20 % v/v glycerol, and 2 % withidthreitol). Strips

were then re-equilibrated for 15 min in the sam#dowcontaining 2.5 % w/v
iodoacetamide in place of dithiothreitol. In allsea, molecular weight
separation was achieved with 8 % polyacrylamideugéig Protean Il xi cell
gel SDS-PAGE system (Bio-Rad Laboratories, Herculds USA).

B. Coomassie brilliant blue-G 250 staining and imag analysis

Proteins in gels were Coomasie brilliant blue (CBBR50 stained. After
overnight fixation (50 % ethanol, 2 % w/v phosphariid), gels were washed
three times for 20 min in double-distilled watedancubated for at least 48
hr in a solution containing 34 % methanol, 17 % amium sulfate, 3 % w/v
phosphoric acid and CBB G-250 powder (0.1 %). Ttaéned gels were
digitalized using a GS 690 Imaging densitometero{Bad Laboratories,
Hercules, CA, USA) at a resolution of 400 x 400. dpie digitalized images
from both the CBB G-250 stained gels (from non-gtated cells and
cerulein-stimulated cells) were analyzed using thg&o-dimensional
electrophoresis gel analysis program PDQuest (Bid-R.aboratories,
Hercules, CA, USA). A comparison report of qualitatand quantitative
differences of the samples for each set of datateasgenerated.

C. In-gel digestion

In-gel digestion of proteins from CBB G-250 stairgsls was performed as
follows. Spots were excised to 1-2 mslices using a blade, destained with
freshly prepared 15 mM potassium ferricyanide/ 9@ sodium thiosulfate,
washed with 25 mM ammonium bicarbonate/ 50 % adtlenand dried in a
SpeedVac Plus SC100A vacuum concentrator (Savatbobk, NY, USA).
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The dried gel pieces were rehydrated with 3t16f 20 ng/ml trypsin solution,
the solution volume being enough for the driedtgdde reswelled. Digestion
was continued at 37C for 14-18 hr. Tryptic peptides were first extextt
using 5 % trifluoroacetic acid (Bio-Rad Laboratsrielercules, CA, USA) for
40°C for 1 hr, then 2.5 % trifluoroacetic acid /50 %etonitrile at 36C for 1

hr. The extracted solutions were mixed in an eppdndibe, and dried in a

vacuum concentrator.

D. Proteomic analysis

The peptide mixture was solubilized with 0.5 %ladfoacetic acid for MS
analysis. MS was performed on a Micromass M@LDI-T®&nchester, UK)
with saturated a-cyano-4-hydroxy-trans-cinnamic acid solution inl19%.
trifluoroacetic acid / 50% acetonitrile as matfitass spectra were externally
calibrated with autodigest peaks of trypsin (MH86%05 Da, 1020.504 Da,
1153.574 Da, 2163.057 Da, and 2273.160 Da). Thdideepnass maps
produced by MALDI-TOF MS were searched againstphklished databases
by means of the MS-Fit module in Protein Prospeaial Mascot.

9. Immunoprecipitation

It is investigated whether VEGF-D is associatechweihgiotensin |l type 2
receptor using immunoprecipitation (IP) method. 2R4ells were stimulated
with cerulein for 15, 30 and 60 min. The cells werashed with PBS and
scraped. The cells were centrifugated at 1200 »org 20 min and the
supernatant was removed. The cells were lysatetd Wwitml IP buffer
containing 100 mM NacCl, 20 mM Tris buffer (pH 7.4)mM EDTA, 1 mM
EGTA, 0.1 % SDS, 1 % Nonidet P-40, 0.5 % deoxydeolaOuM leupeptin,
50 uM aprotitin, and 1 mM phenylmethylsulfonylfloride@ incubated for 30

_11_



min on ice. The samples were centrifugated at 7%0§ for 30 min.
Supernatant was transfered to new tube and it®ipra@oncentration was
determined. 1 mg of protein was added to new tulgethhen incubated with
anti- angiotensin Il type 2 receptor antibody amdtgin A/G Plus-agarose
(Santa Cruz Biotechnology, Santa Cruz, CA, USA)roight at 4°C. After
centrifugation, the pellet was washed with IP buffed was used for western
blotting analysis for VEGF-D.

10. Immunocytochemistry

Immunocytochemistry against cell type—specific neaskwas performed on
AR42J cell cultures. AR42 J cells were culturederulein for 1 hr, fixed in
cold methanol for 10 min and washed three timef WiBS. The cells were
then incubated with polyclonal primary antibodi®simary antibodies used
were rat anti—rabbit VEGF-D (4 pg/ml; Santa CruatBchnology, Santa Cruz,
CA, USA) and rat anti—goat angiotensin Il type 2epgtor (4 ng/ml; Santa
Cruz Biotechnology, Santa Cruz, CA, USA). After ubation of blocking
solution (containing 2 % goat serum, 1 % BSA arid%.gelatin in PBS) for
1 hr, cells were incubated for 1 hr at room tempeeawith secondary
antibody solution containing FITC-conjugated se@wgdantibody (final
concentration; 2pg/ml in blocking solution) and rhodamine-conjugated
secondary antibody (final concentration; &/ml in blocking solution)
purchased from Jackson Immuno-Research Laboratgti&A). Samples
were again washed in PBS and counterstained withntimgy medium and
cover-slipped. The cells incubated with FITC- arwbdamine-conjugated
secondary antibodies were examined with laser sitgrmonfocal microscope
(Leica TCS-NT, Heidelberg, Germany) and photogrdphe

Optical filters used for exitation were 450-490 fanFITC (green) and 510-
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560 nm for rhodamine (red).

11. Immnoprecipitation for the protein on cell surface

To immunoprecipitate the populations of VEGF-D be tell surface, cells
were cultured with cerulein for 30 min, 1 hr, oh2 Cultures were washed
with cold PBS, and then incubated with an anti-VEGEntibody (2ug/ml in

2 % bovine serum albumin in PBS) or normal goat I@Gwg/ml in 2 %
bovine serum albumin in PBS) for 1 hr on ice witntie shaking. The
unbound antibody was removed with cold PBS and eedl® lysed by adding
extraction buffer containing 150 mM NacCl, 10 mMSsFHCI buffer (pH 7.4),
1 mM EDTA, 1 mM EGTA, 0.5 mM phenylmethylsufonylfide, 1 %
Nonidet P-40, and 0.5 % deoxycholate. The insoludgerial was separated
by centrifugation (13,000 x g for 30 min at 4 °Che clarified supernatant
was incubated with 5@l of protein A/G Plus-agarose per a sample for
overnight at 4°C. The beads were washed with extraction buffee tiand
resuspended in 2x SDS sample biftetevels of VEGF-D were determined
by western blotting analysis using anti-VEGF-D batly.

12. Statistical analysis

Each experiment was performed at least three tinResults were
expressed as means * standard error of four sepaxperiments. Analysis of
variance (ANOVA) followed by Newman-Keul's test wased for statistical

analysi§7. P<0.05 was considered statistically significant.

_13_



lll. RESULTS

1. Cerulein induces cytokine expression and activadeNF«B

and AP-1 in AR42J cells

Cerulein increased the mRNA and protein levelsLe,l IL-18 and TNFe
in AR42J cells over 0~4 hr of treatment (Fig.1A &B)d The EMSA data
showed that NkeB and AP-1 were activated by cerulein within 30 r(fing.
1C).

A

GAPDH
IL-6
bt k%% ¥ JBGAPDH
TNF-a JRE——
0 1

2 3 4 hrs

Cerulein

I 1
0 6 12 18 24hrs

Cerulein

TTTTEE ot

0 05 1 2 4 6

0 05 1 2 4 6(hr)
Cerulein Cerulein

NF-kB =3

Fig.1 Expression of cytokines and activation of NB and AP-1 in cerulein-
stimulated AR42J cells.Cells were cultured in the absence or presenaeifiein
— 14 —



for the indicated times. (A) mRNA levels of cytokm were measured by RT-PCR.
mMRNA expression levels were normalized by intecwitrol (GAPDH) in the same
sample. (B) Levels of cytokines in medium were dateed by ELISA. (C) DNA-
binding activities of NF<B and AP-1 in nuclear extracts were determined B\SE

analysis

2. Cytokine expression is mediated by Ras, AP-1, ariF-kB

in cerulein-stimulated AR42J cells

Transfection with Ras N-17, TAM67 oxB mutant gene significantly
suppressed cerulein-induced IL-6 expression ana lésser extent, ILland
TNF-o. expression (Fig. 2A-D). Cerulein-induced DNA bingliactivities of
NF-«B and AP-1 were significantly reduced by transfactivith Ras N-17
and TAMG67 (Fig. 2E). Transfection witikB mutant gene attenuated NB-
activation but not that of AP-1. These data shdws DNA binding activity of
NF-«B is regulated by AP-1 and Ras in cerulein-stimadafAR-42J cells and
suggests possible crosstalk between AP-1,xBRF-and MAP kinase in

cytokine expression in AR42J cells.

IL-6(pg/ml)
* [___INone

— 30
L. T L L X PDH * R Cerulein
IL-6 J— - — —
20
B =—=—===— g

- GAPDH 10
TNF-a
Cerulein =+ - + + 4 +
— NPy
F q,@@ wild  pcDNA  1kBmt RasN-17 Tam 67
N
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Fig. 2. Expression of cytokines and activation of NReB and AP-1 in cerulein-
stimulated AR42J cells transfected with kB mutant, Ras N-17 or TAM 67.
Before stimulation of cerulein, cells were transéelcwith kB mutant, Ras N-17, or
TAM 67 for 24 hr. (A) For the analysis of cytokimRNA expression, cells were
stimulated with cerulein for 3 hr. Cytokine mRNAp&ssion levels were normalized
by internal control GAPDH in the same sample. (BjtoRine production was
measured after 24 hr treatment with cerulein andpaoed with non-treated group.
*P<0.05 vs wild none or pcDNA (without cerulein))(&fter 30 min stimulation with

cerulein, activation of NikB and AP-1 was determined by EMSA analysis.
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3. Cytokine expression is mediated by MAP kinases in

cerulein-stimulated AR42J cells

To clarify the role of activated p38 and ERK1/2 éerulein-induced
cytokine expression, cells were treated with SB3033J0126 or PD98059
prior to cerulein treatment. Cerulein-induced egpien of cytokine mRNA
was suppressed by treatment of U0126 or PD9805§. @A). Cerulein-
induced DNA binding activities of NkB and AP-1 were also reduced by
U0126 and PD98059 (Fig. 3B). This result suggebtt &xpression of
cytokines and activations of NfB and AP-1 are mediated by ERK1/2 in

cerulein-stimulated AR42J cells.

D >
& &

Cerulein — + + + +

YO SINGY 5 D D
O % %
B i\é@\ & 03559@ \ b\(g o
2 o& L 2 o‘& Y
Cerulein — + + + + - + + ++
NF-kBZ

- - - l=AP-1

S —
-— aud D e &0
Fig. 3. Effect of ERK or p38 antagonist on expression ofytokines and activation

of NF-kB and AP-1 in cerulein-stimulated AR42J cell. SB203580, U0126 and
- 17 -



PD98059 are inhibitors for p38, ERK1/2, and MEKdspectively. Before stimulation
of cerulein, cells were treated with antagonist ¥6rmin. (A) For cytokine mRNA
expression, cells were incubated in absence oepcesof cerulein for 3 hr. Cytokine
MRNA expression levels were normalized by interc@itrol GAPDH in the same
sample. (B) After 30 min stimulation with ceruleiagtivation of NFkB and AP-1

was determined by EMSA analysis.

4. Cerulein induces differential expression of memlane

proteins of AR42J cells

Membrane proteins play important roles in variowdlutar processes
including signal transduction. Thus, the relatiopshetween differentially

expressed membrane proteins and induction of guarereatitis may be the
early important pathologic event in inflammatorytalyne expression.
Membrane proteins were extracted from non-stimdlatells or cerulein-

stimulated cells. Isoelectric focusing analysis ardo-dimensional

electophoresis separation were carried out to whater proteins differentially

expressed by cerulein. Differentially expressed brame proteins were
identified by peptide mass fingerprinting (Fig. #lascot search using the
peptide mass fingerprinting data indicated that difeerentially expressed
proteins are protein disulfide isomerase precuestin beta, MASP-2 protein,
Hsp 60, phosphatidylinositol transfer protein, @mactjamma, isocitrate
dehydrogenase 3 (NAD+) alpha, acidic ribosomal gnotPO, tumor-

associated Ca2+ signal transducer 1, seven in tiddeX) ER protein 29, ATP
synthase subunit d (Table 1).
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Fig. 4. Proteomic analysis of membrane proteins in non-stioated cells or

cerulein-stimulated AR42J cells.Two-dimensional gel map was derived from non-

stimulated cells or cerulein-stimulated cells fohrl Three hundredg of membrane

protein isolated from cells was applied to pH Segdr IPG strips (17 cm), and with

8 % linear vertical SDS-PAGE as the second dimenside gel was visualized by

CBB-G staining. Several proteins marked above hose that were differentially

expressed between non-stimulated cells and cerstigimulated cells.

Table 1.List of membrane proteins changed by cerulein in R 42J cells.

Spot No. Protein name Protein database Predicted  Predicted % Change
accession No. Mr pl Coverage by cerulein
RO1 Protein disulfide isomerase A3 precursor 1352384 56624 59 56.0 Decreased
R02 Actin beta 71620 41751 53 50.0 Increased
RO3 Protein disulfide isomerase A3 precursor 129731 56952 48 220 Increased
RO4 Protein disulfide isomerase A3 precursor 2501206 M 47221 49 32.0 Decreased
RO5 VEGF-D 15430279 37107 59 320 Increased
R06 MASP-2 protein 6689087 36951 6.0 370 Increased
RO7 Heat shock protein 60 11560024 M 60966 59 420 Increased
R08 Heat shock protein 60 11560024 M 60966 59 46.0 Increased
RO9 Phosphatidylinositol transfer protein 16758568 M 31450 6.4 25.0 Increased
R11 Actin, gamma 4501887 M 41793 53 46.0 Decreased
R12 Isocitrate dehydrogenase 3 (NAD+) alpha 16758446 M 39614 65 44.0 Decreased
RI3  Acidic ribosomal protein PO 11693176 M 34216 5.9 64.0 Decreased
R14 Tumor-associated Ca?* signal Transducer 1 25742698 M 35208 6.0 35.0 Decreased
R15 Seven in absentia 1A 18266718 M 32017 6.7 300 Decreased
R16 Endoplasmic retuclum protein 29 16758848 M 28575 6.2 51.0 Decreased
R17  ATPsynthase subunitd 9506411 M 18764 6.2 58.0 Decreased
R22 Protein disulfide isomerase A3 precursor 1352384 56624 59 46.0 Decreased
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5. Cytokine expression is mediated by angiotensinl type 2
receptor but not by VEGF receptor in cerulein-stimdated
AR42J cells

To investigate whether activation of angiotensirtytbe 2 receptor and/or
VEGF receptor are involved in cerulein-induced anfmation, cells were
stimulated with an angiotensin |l type 2 receptar @ VEGF receptor
antagonist prior to cerulein-stimulation. Cerul@duced cytokine expression
was suppressed by an angiotensin Il type 2 recepttagonist but not by
VEGF receptor antagonist (Fig. 5). This result ssgg that cerulein-induced
cytokine expression is mediated by angiotensitypket2 receptor but not by
VEGF receptor. It is possible that VEGF-D may mealieerulein-induced
inflammation through interacting with angiotensirtype 2 receptor because
VEFG-D was known to bind with angiotensin Il typeréteptor as well as
VEGF receptor.

: -
it Gl guEnm—— " GAPDH
C——em— — —— IL-6

None Con AT2R ant VEGFR ant

Cerulein

Fig. 5. Effects of angiotensin Il type 2 or VEGF receptor atagonist on IL-6

MRNA expression in cerulein-stimulated AR42J cellsFor IL-6 mMRNA expression,
cells were treated with antagonists for 15 min pta3hr stimulation with cerulein.
Angiotensin |l type 2 receptor antagonist (AT2R)aist PD123319, and VEGF
receptor antagonist (VEGFR ant) is total subtypeV&GF receptor’s antagonist.
Cytokine mRNA expression levels were normalizedirigrnal control GAPDH in

the same sample.
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6. Cerulein induces VEGF-D expression

To determine whether cerulein induces VEGF-D exgioes the level of
VEGF-D in cerluein-stimulated cells was determineihg western blotting
analysis. Level of VEGF-D was significantly incredsafter 30 min of
cerulein stimulation whereas that of angiotensintylbe 2 receptor was

unchanged.

AT2R | e @i, e S

VEGF-D - —- -

Actin | —— | — — —

0 0.5 1 2 (hr)

Cerulein

Fig. 6. VEGF-D expression in cerulein-stimulated AR42J cedl. Cells were
stimulated with cerulein at the indicated timesvéls of angiotensin Il type 2
receptor and VEGF-D in whole cell lysates were aeieed by western blotting
analysis using specific antibodies.

7. VEGF-D interacts directly with angiotensin Il type 2

receptor in cerulein-stimulated AR42J cells

To investigate whether the VEGF-D is associatedh waictivation of
angiotensin Il type 2 receptor in cerulein-stimathtAR42J cells, it was
examined whether VEGF-D directly binds to angiotens type 2 receptor
using immunoprecipitation method. VEGF-D was detdctin anti-

angiotensin |l type 2 receptor immunoprecipitatas cerulein-stimulated
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AR42J cells. This result indicates that angiotenistygpe 2 receptor interacts
with VEGF-D in cerulein-stimulated AR42J cells.

VEGE-D - - P :AT2R
WB : VEGF-D
0 0.5 1 2 (hr)
Cerulein

Fig. 7. Interaction of VEGF-D with angiotensin Il type 2 receptor in cerulein-
stimulated AR42J cells. The whole lysate was prepared from the cells at th
indicated times and was immunoprecipitated for ategisin 1l type 2 receptor using
anti- angiotensin Il type 2 receptor antibody. Level ofERG-D in

immunoprecipitates was determined by western tdistguanti-VEGF-D antibody.

8. Membrane translocation of VEGF-D is increased in

cerulein-stimulated AR42J cells

To demonstrate the membrane translocation of VEG#+Derulein, level of
VEGF-D in cytosolic and membrane fractions from +stimulated or
cerulein-stimulated cells were determined by waestblotting. Level of
VEGF-D in membrane was increased between 30 min6@naiin while that
of VEGF-D in cytoplasm was decreased (Fig. 8A).sTlwas confirmed with
immunocytochemistry assay (Fig. 8B). This indicatdsmat membrane
translocation of VEGF-D is increased in ceruleimsiated AR42J cells
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Fig. 8. Translocalization of VEGF-D in cerulein-stimulated AR42J cells. (A)

AR42J cells were cultured in the absence or presehcerulein. Cells were collected
at indicated times. After isolation of membrane aytbsolic fractions from cells,
levels of VEGF-D and angiotensin Il type 2 recepitormembrane and cytosolic
fractions were determined by western blotting asialy(B) The cells were cultured in
the absence or presence of cerulein for 1 hr. Cekse incubated with anti-
angiotensin 1l type 2 receptor or VEGF-D antibosgashed with PBS and then

incubated with FITC-conjugated (green) or rodanminajugated (red) secondary

antibody.
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9. VEGF-D is translocated to cell surface in cerula-
stimulated AR42J cells

It was investigated whether VEGF-D is translocatedcell surface by
cerulein-stimulation. VEGF-D in cell surface wasniwmoprecipitated using
anti-VEGF-D antibody and then detected by westéstiibg analysis. VEGF-
D in cell surface was increased by cerulein (FjgTais indicates that VEGF-
D is translocated to cell surface by cerulein.

IP: Normal Goat 1gG
WB: VEGF-D .
IP: Normal Goat IgG
WB: VEGF-D E b ) 4
0 0.5 1 2 4 (hr)

Cerulein

Fig. 9. Immunoprecipitation of VEGF-D in cell surface. AR42J cells were
cultured in the absence or presence of ceruleirvdoious time periods. The intact
cells were incubated with normal goat IgG or an-9BGF-D antibody (2ug/ml in
2% bovine serum albumin in PBS) for 60 min on idthwgentle shaking. VEGF-D in
cell surface was immunoprecipitated with an ant@FD antibody as described in
Materials and Methods. Immunoprecipitates was pexpan parallel with non-
immune IgG. The immunoprecipitate were subjectedvéstern blotting analysis
using anti-VEGF-D antibody.

10. DNA binding activation, cytokine expression, andVAP
kinase phosphorylations are mediated by VEGF-D in
cerulein-stimulated AR42J cells

To determine the role of VEGF-D in cerulein-induc@utlammation,
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antisense-oligodeoxynucleotide for VEGF-D was tracted into cells.
Antisense-oligodeoxynucleotide for VEGF-D supprésaetivation of NF«B
and AP-1 (Fig. 10) as well as mRNA expression e6I1{Fig. 11) in cerulein-
stimulated AR42J cells. Additionally, antisensegotieoxynucleotide for
VEGF-D suppresses MAP kinases phosphorylation inulem-stimulated
cells (Fig. 12).

AP-1— . — e

— = NF-kB

W W A —

None Con S AS None Con S AS

Cerulein Cerulein

Fig. 10. Activation of NF-kB and AP-1 in cerulein-stimulated AR42J cells
transfected with antisense-oligodeoxynucleotide foVEGF-D. The cells were
transfected with 50QM sense(S)- or antisense(AS)-oligodeoxynucleotdeEGF-
D and then cultured in the absence or presencerafain for 30 min. DNA binding

activities for f NFxB and AP-1 were determined by EMSA.

GAPDH
IL-6

None Con S AS

Cerulein
Fig. 11.1L-6 mRNA expression in cerulein-stimulated AR42J ells transfected
with antisense-oligodeoxynucleotide for VEGF-DThe cells were transfected with
500uM sense(S)- or antisense(AS)-oligodeoxynucleotatefEGF-D using DOTAP
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reagent and then cultured in the absence or pressdraerulein for 3 hrs. Level of IL-
6 mRNA was determined by RT-PCR. The internal adnt(GAPDH) was
coamplified. IL-6 mRNA expression level were noripatl to that of housekeeping

gene GAPDH in the same sample.

Cerulein
None con S AS
[ - - ‘ . |PERKL2
[ == == =—= |crcw
| = m——— | P-aNK1/2
| —— e -—— e

| s a0

|—r |p38

Fig. 12. MAP kinases phosphorylation in cerulein-stimulated AR42J cells
transfected with antisense-oligodeoxynucleotide foVEGF-D. The cells were
transfected with 500M sense(S)- or antisense(AS)-oligodeoxynucleoteEGF-
D and then cultured in the absence or presencesmofilein for 15 min. Levels of
phosphorylated or nonphosphorylated forms of ERK1IRK1/2 and p38 were

determined by western blotting analysis.
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V. DISCUSSION

AR42J is a pancreatic acinar cell line obtainednfrprimary culture of
isolated rat pancreatic acinar cells after indurctiath azaserine. Despite a
few disadvantages like short survival period orhhigaseline cytokine
expression and p38 activation, AR42J is widely usedstudy pancreatic
exocrine system because it is the only cell linectvimaintains distinctive
characteristics of pancreatic acinar cells suchswasthesis/secretion of
digestive enzymes and expression profile of majoeptors.

Cytokines which are produced in pancreatic acinallsc induce
inflammatory cell infiltration into pancreas, prading an inflammatory
response. The cellular mechanism regulating thef@emmatory molecules
involves activation of transcription factors suchNF«B and AP-181° our
group previously reported that expression of inflzatory cytokines was
mediated by cerulein-activated NiB-and AP-1 in pancreatic acinar cefls

In present study, expression of IL-6, TNFand IL-13 was suppressed by
dominant negative mutant of NéB, AP-1 and Ras in cerulein-stimulated
AR42] cells. This demonstrates that the expressianflammatory cytokines
is mediated by NkeB, AP-1 and Ras in cerulein-stimulated AR42J célte
activation of NF«B was inhibited by dominant negative mutant of AP-1
whereas that of AP-1 was not inhibited by dominsegative mutant of NF-
kB. This suggests that activation of KB-may be mediated by AP-1 and Ras
in cerulein-stimulated AR-42J cells. AdditionallyERK1/2 inhibitor
suppressed cerulein-induced activation of bothdBFand AP-1. This result
suggests that activation of N8 and AP-1 should be mediated by ERK1/2 in

cerulein-stimulated pancreatic acinar cell. Sevaratstigators reported that
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activation of AP-1 is mediated by ERK1/2. It wasaaknown that the active
ERK1/2 directly phosphorylate and degradB,land then activate NEB in
rat vascular smooth muscle cells. These resultgesighat cerulein induces
the activation of not only NikB, but also AP-1 through ERK signaling
pathways.

It is well known that cerulein induces inflammataignaling in pancreatic
acinar cells through its interaction with CCK-A©CK-B receptor. However,
it was recently reported that the pancreas possesfmcal renin-angiotensin
system, which performs various activities in thgulation of exocrine and
endocrine functions of the pancr@asln the exocrine pancreas, both
angiotensin Il type 1 receptor and angiotensitypket2 receptor are localized
in the pancreatic ducts and acinar cells. Indeedinrangiotensin system
components are present in AR42J cell line as vaelsalated acinar celf®.
Available data suggest that a local RAS in the @recpancreas should be
involved in the regulation of pancreatic microciation, acinar enzyme
secretion, and ductal anion secretion via mediatibangiotensin Il type 2
recepto?& 21 Interestingly, pancreatic inflammatory condigsosuch as
pancreatitis, hypoxia, and fibrosis can upregula¢erenin-angiotensin system
components in the pancreas, leading to furtheraimfhation and tissue

injuryls’ 26 |n 1991, it was published that key componentsiriiammation

comprise an intrinsic renin-angiotensin system witihe canine pancreggrs

Subsequent studies by other investigators repadatparable findings in the
rat, mouse and human pancreas. Indeed, it was stiathe AR42J cell line
expresses all components of an renin-angiotensstessy including renin,
angiotensinogen, angiotensin converting enzyme (A@&giotensin Il type 1
receptor and angiotensin Il type 2 receptor. Thhese cells may be of

particular value to study the interplay of the abemsin Il type 1 receptor and
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angiotensin Il type 2 receptor in regulation ofl gglowth and potentially
exocrine functiof?.

In present study, cerulein increased membranelt@ation of VEGF-D and
interaction of VEGF-D with angiotensin Il type 2ceptor in AR42J cells.
This result indicates that VEGF-D, in conjunctioithvangiotensin Il type 2
receptor, may play an important role in ceruleidticed pancreatiﬁ§ It was
previously reported in our laboratory that inflamorg cytokine expression is
mediated by NReB in cerulein-stimulated pancreatic acinar AR42Dste
Present study demonstrates that cerulein-inducedkiog expression is
mediated by Ras- AP-1- NEB signaling in cerulein-stimulated AR42J cells.
Additionally, this study provides evidence thattb®EGF-D and angiotensin
Il type 2 receptor play significant roles in inflamatory signaling of AR42J
cells. Levels of VEGF-D in membrane, and its intéicm with angiotensin 1l
type 2 receptor were increased by cerulein. Iniibitof membrane
translocation of VEGF-D by its antisense-oligodenxsieotide suppressed
activations of NFRe¢B and AP-1, MAP kinase phosphorylation and cytokine
expression in cerulein-stimulated AR42J cells. kemnore, cerulein-induced
cytokine expression was inhibited by angiotensityple 2 receptor antagonist
but not by VEGF-D receptor antagonist. These resulggest that angiotensin
Il type 2 receptor and VEGF-D are involved in ceminduced cytokine
expression in pancreatic acinar AR42J cells. Theeefthis study suggests
that VEGF-D induces novel cerulein-induced panaieapathway via
interaction with angiotensin Il type 2 receptor. &&D-activated angiotensin
Il type 2 receptor may have a novel role in theellgement of pancreatitis.
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V. CONCLUSION

Cerulein pancreatitis is similar to human acute cpeatitis with
dysregulation of the digestive enzyme productiond aoytoplasmic
vacuolization, the death of acinar cells, edeman&tion, and infiltration of
inflammatory cells into the pancreas. In this studk identified several
differentially expressed proteins in cerulein-stiaed AR42J cells, which are
related to cellular stress, cytoskeletal functiand cell signaling. Among
these proteins, VEGF-D is involved in regulatiorirdfammatory signaling in
pancreatic AR42J cells. The present study demdasdtthat VEGF-D binds
angiotensin Il type 2 receptor and controls cytekixxpression in pancreatic
AR42]J cells. Moreover we showed that VEGF-D mediaterulein-induced
inflammatory signaling such as N and AP-1 through interaction with
angiotensin Il type 2 receptor. In conclusion, #tisdy suggests that VEGF-D
is involved in new cerulein-induced pancreatitshpaty via the interaction
with angiotensin Il type 2 receptor in pancreatmnar cells. VEGF-D-
activated angiotensin 1l type 2 receptor may havaoael role in the
development of pancreatitis.
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Abstract (in Korean)

AF AATAAY S AFE %ol oI Angiotensin II
type 2 &8 2 VEGF-D o] tidt 4% 719

R=as @ 3 3 &)

AARSE o)t o H5t)

AA 2 AAolt}. Cholecystokinin FE=AQ ceruleine W
ARl QA 54 AFRANA B de AFaEre] A4 BHE
s, 4 AFE AT AEEEHFY] I, AR
vacuolization, ¥ amylase® lipased =7}, &=d % %379
HAHE YEEZR,  cerulein % FA #AFE =Ede
A 2d=A de] ARgH L Al

2 dATFolM = cerulein® AHXAe] o5t F4 ALEES
A7 HAGAAETA AR42) HEE o] &3ste] HAFE Fidol
9%} angiotensin II type 2 & &A3te] 7] do thste] VEGF-
Do Fz#ARAE tHstd 34 AGE FZel gk angiotensin
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IT type 2 &4 24 dHE M= 71-de FPstaa a3l
Agdel T Zdel g cudd o= ceruleing A AE

AR42] A EFo|A wEmds e s
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AR 4zl o] @A angiogenesisol A 9
A7zt 2 ERK1/2 &St @S Fu A2 dElA Q.
A d+F A3, T YE remnin-angiotensin A9 249l
angiotensin II type 2 F&A7} Aol &7} gAFo|] o]
S AE cerulein &= HFYE FEo AzHADAAAN HAsaL

== AlAbs vk, E9E H P2 angiotensin 1T type 2
FgAle] FAdghel 9] MAP kinaseql ERK1/2 Aol o]d}e]
faEcta de k. ATk VEGF-D7F ©] angiotensin 11 type 2
TEAS g dis ot dF5E wEdte Rice AT,
BT =71 A AFFNA =ET A A " A9E
AAEEA Fekar o], 2 AAAJ] ATF7F okA7MA mH g

2 A% A3}, cytokineo] WdX ERK1/2 T MEK1e] A<}
7 A 2 TkB W=, RasN-17 TE TAM67 ZS  dominant
negative Aol 9Jdle] AAHE Hol, cerulein &= EF
fakol= NF-kB, AP-19} ERK1/27F #Holde & 4 rh. Ed,
ceruleino ¢]& NF-xB and AP-1o] th3 DNA ZAg =
ERK1/29] AAle] o]slo] AAB-E Hol, NF-xB and AP-1o] djst
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DNA 2% A EE ERKo ¢
A A}ETE,
Cerulein®l] 9lste], AEo|xe] VEGF-D <A =7}¢}, VEGF-

D9} angiotensin II type 2 T8Ao &3t dwjZddlo] o]FH &

ol

Az AdGAA os) viZhE s

AZs 4 AAT}E. VEGF-D2] antisense-oligodeoxynucleotide<:
MEWZE transfection Al7]10] VEGF-DO] M| H o] &5 JAA7]H
NF-kB and AP-1° th&k DNA 23 @4 =9}, MAP kinases®] <14hs),
[L-6 ¥do] AJAE= Aoz Hol, VEGF-DO ceruleino] 2|3t
Axze ool FT8g dTE T oFE  HIAY., T,
cerulein®.® HFE%H cytokine AL VEGF-D F&A AA A7}
old  angiotensin Il type 2 &A1 AAAA s}
ZaEUSS Bt A2do07 AF7HA 9 HFE HA AT
Aile] 93hH  cerulein® AF O Z  cholecystokinin T84 9]
A3 E Bl JASA cytokineo] FHSIE AT AGANA <o
ceruleino] 23 VEGF-De} A EX=9] angiotensin Il type 2
T&A 2¥s Tt IHSA cytokined WHOE o] FojA =
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