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Welcome
Dear Colleagues, dear Friends,

On behalf of the Organizing Committee, I welcome you to the International 
Research Workshop on Acute Pancreatitis. First of all, let me thank you for 
attending IrWap2011. We are delighted to have participants from 15  countries 
and are looking forward to a stimulating and interesting conference. We will 
have 38 state of the art lectures delivered by top experts from all over the world. 
The oral and poster sessions are all designed to facilitate interaction with other 
basic and clinical scientists interested in acute pancreatitis. Of the 29 submit-
ted abstracts, 6 will be delivered as oral presentations. Hopefully, you will also 
enjoy the Social Events and an introduction to Hungarian Gastronomy during 
the Conference. 

szeged, your host city, is situated near Hungary’s south-eastern border on the 
banks of the river Tisza. It is home to around 170,000 people. Szeged is the 
main city of Csongrád county and serves as a commercial and cultural centre of 
the region. Szeged gets an average of 2,000 hours of sunshine each year (that’s 
83.5 days of daylight), no wonder it’s often called the city of sunshine. Local 
industry is reputed for food processing and production. Szeged is especially 
famous for its two most prominent agricultural products: the Pick brand salami 
and one of the most distinctive Hungarian spices: the paprika. The paprika 
gets its red color and divine flavor from an extended exposure to sunlight, 
which makes Szeged an ideal place to grow this spice. Textiles, oil and natural 
gas processing, and clothing production are also of importance to the region. 
Theaters, cinemas, clubs, riverside swimming pools and sport grounds provide 
plenty of opportunities for recreation. There are several large parks and a famous 
botanical garden to stroll through. Fine restaurants are situated all over Szeged 
offering various national and international cuisines including Greek, Chinese, 
Italian, German, Indian, Transylvanian and Arabic. Public transportation which 
is in the form of streetcars, trolleybuses and buses is so extensive that you can 
virtually reach every corner of the city. 
We hope that you will enjoy IRWAP2011  
and the beauty of Szeged!
Best wishes,

Zoltán Rakonczay Jr.
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General information

Organizing Committee

Mike Gray (Newcastle upon Tyne, UK) 
Péter Hegyi (Szeged, Hungary) 
Markus Lerch  (Greifswald, Germany)
Shmuel Muallem  (Bethesda, MD, USA) 
Stephen Pandol  (Los Angeles, CA, USA) 
Ole Petersen  (Cardiff, UK)
Zoltán Rakonczay Jr� (Szeged, Hungary)
Miklós Sahin-Tóth  (Boston, MA, USA) 
Viktória Venglovecz  (Szeged, Hungary)

Contacts

Zoltán Rakonczay Jr. Viktória Venglovecz

Chairman of the Meeting Secretary of the Meeting

First Department of Medicine Department of Pharmacology
University of Szeged University of Szeged
Korányi fasor 8-10. Dóm tér 12. 
H-6720 Szeged, Hungary  H-6720 Szeged, Hungary 
E-mail: raz@in1st.szote.u-szeged.hu E-mail: vev@in1st.szote.u-szeged.hu
Tel.: +36-62-545-200 Tel.: +36-62-545-200
Fax: +36-62-545-185 Fax: +36-62-545-680
Mobile: +36-20-535-1309 Mobile: +36-30-423-7930
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Indu Ambudkar  (Bethesda, MD, USA)
Jason Bruce (Manchester, UK)
Jay Chiorini (Bethesda, MD, USA)
Daniel Closa  (Barcelona, Spain)
Jonathan Cohn  (Durham, NC, USA)
László Czakó (Szeged, Hungary)
David Criddle  (Liverpool, UK)
Julia Gerasimenko (Cardiff, UK)
Oleg Gerasimenko  (Cardiff, UK)
Fred Gorelick  (New Haven, CT, USA)
Mike Gray   (Newcastle upon Tyne, UK)
Ilya Gukovsky  (Los Angeles, CA, USA)
György Hajnóczky  (Philadelphia, PA, USA)
Walter Halangk  (Magdeburg, Germany)
Péter Hegyi  (Szeged, Hungary)
László Hunyady (Budapest, Hungary)
Stephen Keely  (Dublin, Ireland)
Min Goo Lee  (Seoul, South Korea)
Markus Lerch (Greifswald, Germany)
Craig Logsdon (Houston, TX, USA)
Aideen Long  (Dublin, Ireland)
Julia Mayerle  (Greifswald, Germany)
Shmuel Muallem  (Bethesda, MD, USA)
Ivana Novak  (Copenhagen, Denmark)
Stephen Pandol  (Los Angeles, CA, USA)
Ákos Pap (Budapest, Hungary)
Anant Parekh (Oxford, UK)
George Perides  (Boston, MA, USA)
Ole Petersen  (Cardiff, UK)
Zoltán Rakonczay Jr� (Szeged, Hungary)
Jonas Rosendahl  (Leipzig, Germany)
Ashok Saluja  (Minneapolis, MN, USA)
Irene Schulz  (Konstanz, Germany)
Vijay Singh (Pittsburgh, PA, USA)
András Spät  (Budapest, Hungary)
Michael Steer  (Boston, MA, USA)
Robert Sutton  (Liverpool, UK)
Tamás Takács  (Szeged, Hungary)
Alexei Tepikin (Liverpool, UK)
Edwin Thrower  (New Haven, CT, USA)
Peter Thorn (Brisbane, Australia)
Miklós Sahin-Tóth  (Boston, MA, USA)
Gábor Varga  (Budapest, Hungary)
Viktória Venglovecz  (Szeged, Hungary)
Svetlana Voronina  (Liverpool, UK)
Heiko Witt  (Munich, Germany)
David Yule  (Rochester, NY, USA)

Faculty of IRWAP2011
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Venue

Hunguest Hotel Forrás

HUNGUEST Hotel Forrás**** is a ten-minute walk away from the city center, 
located in New Szeged, in a wonderful green garden district on the bank of the 
Tisza river. The hotel has been completely renewed both externally and inter-
nally in 2009 and is pleased to receive its guests with four-star rooms and high-
standard services. 
The conference will be in the Albert Szent-Györgyi Lecture Hall.

Conference registration
registration opening hours

Friday, 25 March 14:00-20:00 (next to the Hotel reception)
Saturday, 26 March 07:30-10:00 (in front of the Lecture Hall)
We would like to ask all invited participants to claim their travel expenses  during 
this time. 

For any urgent questions outside the registration opening hours, please call:
Viktória Venglovecz +36-30-423-7930

on-site registration Fees
Junior (<35 years)  €155
Senior (>35 years)  €255
Accompanying persons  €125

Szent-Györgyi A� u� 16-24�
H-6726 Szeged, Hungary
Tel�: +36-62-566-466 
Fax: +36-62-62-566-468
hotelforras@hunguesthotels�com
www�hotelforras�hunguesthotels�hu
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The registration fee for participants covers the following: free transport from 
and to Budapest Ferihegy Airport (only on 25 March and 28 March, 2011), 
admission to all scientific sessions, conference materials (including programme 
leaflet, badge, etc.), coffee breaks, lunches and social events. 
The registration fee for accompanying persons covers the following: free trans-
port from and to Budapest Ferihegy Airport (only on 25 March and 28 March, 
2011), lunches and social events.

Name badges

Participants are requested to wear their name badges at all times. 

Power Point Presentations

All speakers are asked to hand in their presentation (MS Powerpoint 2003 for-
mat, ppt NOT pptx) at least before the start of their session. 

Poster exhibitions

Posters are displayed on Saturday and Sunday in front of the Albert Szent-Györ-
gyi Lecture Hall from 8:00-17:00. The authors of the posters are asked to put up 
their poster on the particular conference day between 7:30-8:00 and remove the 
posters between 18:00-18:30. At least one of the authors will be present during 
the poster session to answer questions.

CME information

The European Accreditation Council for Continuing Medical Education (EAC-
CME) accredited this event for a maximum of 12 European CME credits 
(ECMEC). Each medical specialist should claim only those hours of credit that 
he/she actually spent in the educational activity. To claim credits, please turn 
in your attendance and evaluation forms at the end of the meeting to Viktória 
Venglovecz or place it in drop box in front of the Lecture Hall.
EACCME credits are recognized by the American Medical Association towards 
the Physician’s Recognition Award (PRA). To convert EACCME credit to AMA 
PRA category 1 credit, contact the AMA.
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Transport

Bus transfer from/to Budapest Ferihegy International airport
You will have to provide your flight details in advance to book transportation. 
please let us no if there are any changes in your departure time asap. 
please note: if you do not provide us this information in advance, we can-
not guarantee your transfer.

Health and safety

emergency telephone numbers in hungary
Ambulance: 104
Police: 107
Fire Department: 105
In case of any non-urgent health problems, we can help you out at the ER 
of the First Department of Medicine, University of Szeged (I. sz. Belgyógyá-
szati  Klinika, Szegedi Tudományegyetem). The address is: Korányi fasor 8-10. 
Telephone number: +36-62-545-198 or +36-62-545-813

Smoking

Smoking is prohibited within the Hotel.

Insurance/liability

The Organizers of the IRWAP2011 do not accept any liability for damages and or 
losses of any kind which may be incurred by conference participants or accom-
panying persons. Delegates participate at all events at their own risk. 

Wireless internet

There is free wireless internet connection for all participants at Hotel Forrás. 
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Programme Overview

25 March, 2011 (Friday)

1400 – 2000 Registration
1930 – 2200 Faculty dinner (only by invitation)

26 March, 2011 (Saturday)

730 – 1000 Registration
800 – 818  Opening of the meeting
818 – 950  Session I. Etiological factors: bile acids
950 – 1005 Coffee break
1005 – 1200 Session II. Etiological factors: ethanol
1200 – 1300 Lunch
1230 – 1300 Poster session I.
1300 – 1432 Session III. Zymogen activation in pancreatitis
1432 – 1450 Coffee break
1450 – 1536 Session IV. The roles of trypsin and environmental factors
1536 – 1606 Session V. Free papers 1-3
1606 – 1625  Coffee break
1625 – 1757  Session VI. Immune response and inflammation in 

pancreatitis
1930 – 2200  Welcome reception and dinner

27 March, 2011 (Sunday)

830 – 1002 Session VII. Bioenergetics of pancreatitis
1002 – 1020 Coffee break
1020 – 1215 Session VIII. Calcium signaling
1215 – 1315 Lunch
1245 – 1315 Poster session II.
1315 – 1510 Session IX. Pancreatic ducts and luminal pH
1510 – 1530 Coffee break
1530 – 1616 Session X. Epithelial ion transport
1616 – 1646 Session XI. Free papers 4-6
1646 – 1705 Coffee break
1705 – 1814 Session XII. Genetics
1814 – 1820 Closure of the meeting
2000 – 2200 Folk dance evening and dinner 

8



Detailed programme

25 March, 2011 (Friday)

1400 – 2000 Registration (next to the Hotel reception)
1930 – 2200 Faculty dinner (only by invitation)

26 March, 2011 (Saturday)

730 – 1000 Registration (in front of the Lecture Hall)
800 – 818  Opening of the meeting
  András Varró, Vice Rector, University of Szeged 
  László Vécsei, Dean of the Faculty of Medicine, 
  University of Szeged 
  Tibor Wittmann, Professor and Chairman, First Dept� of 
  Medicine, University of Szeged
818 – 950  Session I. Etiological factors: bile acids 
   Chairs: Ákos Pap (Budapest, Hungary), 

Markus Lerch (Greifswald, Germany)
818 –  George Perides, Johanna Laukkarinen, Emily Michael, 

Michael Steer (Boston, MA, USA): CELLULAR MECHANISMS 
RESPONSIBLE FOR ACUTE BILIARY PANCREATITIS: FROM 
RECEPTOR TO EFFECTOR

841 –  Mike Gray (Newcastle upon Tyne, UK): PATHOPHYSIOLOGICAL 
RELEVANCE OF APICAL LARGE-CONDUCTANCE CA2+ 
ACTIVATED K+ CHANNELS IN PANCREATIC DUCT CELLS

904 –  Kelly Orlaith, Elisabetta Pastorini, Roberto Pellicciari, Frank 
Murray, Aldo Roda, Alan Hofmann, Stephen Keely (Dublin, 
Ireland): THE THERAPEUTIC POTENTIAL OF METABOLICALLY 
STABLE DERIVATIVES OF URSODEOXYCHOLIC ACID IN 
DIARRHOEAL DISEASE: AN IN VITRO AND IN VIVO STUDY

927 –  Aideen Long (Dublin, Ireland): BILE ACIDS IN THE GI TRACT: THE 
GOOD THE BAD AND THE URSO

950 – 1005 Coffee break

1005 – 1200  Session II. Etiological factors: ethanol 
Chairs: David Criddle (Liverpool, UK), Ole Petersen (Cardiff, UK)
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1005 –  György Hajnóczky, Veronica Eisner, György Csordás, Sudipto 
Das, Soumya Sinha Roy, Anil Noronha, Jan B� Hoek (Philadelphia, 
PA, USA): MITOCHONDRIAL DYNAMICS: A NEW PLAYER IN THE 
ALCOHOL-INDUCED TISSUE INJURY

1028 –  Ilya Gukovsky (Los Angeles, CA, USA): LYSOSOMAL DAMAGE AND 
IMPAIRED AUTOPHAGY IN ALCOHOLIC PANCREATITIS

1051 –  F� Yang, Y� Wang, L� Sternfeld, J�A� Rodriguez, F� Carriere, 
G� Liu, W� Hofer, Irene Schulz (Konstanz, Germany): 
HYPERTRIGLYCERIDAEMIA AND ACUTE PANCREATITIS

1114 –  Vijay Singh (Pittsburgh, PA, USA): OBESITY AND ACUTE 
PANCREATITIS: MECHANISTIC CORRELATIONS

1137 –  Julia V. Gerasimenko (Cardiff, UK): ALCOHOL-INDUCED 
PANCREATIC TRYPSINOGEN ACTIVATION DEPENDS ON 
CALMODULIN-SENSITIVE INOSITOL TRISPHOSPHATE RECEPTORS  
2 AND 3

1200 – 1300 Lunch

1230 – 1300 Poster session I.

1300 – 1432  Session III. Zymogen activation in pancreatitis 
Chairs: Tamás Takács (Szeged, Hungary), 
Ashok Saluja (Minneapolis, MN, USA)

1300 –  Markus M. Lerch (Greifswald, Germany): INTRACELLULAR 
PROTEASE ACTIVATION COMPARTMENTS IN PANCREATITIS

1323 –  Fred Gorelick (New Haven, CT, USA): ZYMOGEN ACTIVATION IN 
THE PANCREATIC ACINAR CELL

1346 –  Miklós Sahin-Tóth (Boston, MA, USA): MECHANISMS 
OF ZYMOGEN ACTIVATION IN CHRONIC PANCREATITIS� 
TRYPSINOGEN ACTIVATION PEPTIDE MUTATIONS IN HEREDITARY 
PANCREATITIS

1409 –  M� Alexandre, S� Minervini, V� Patel, A�K� Uduman, C� Shugrue, 
F� Gorelick, Edwin Thrower (New Haven, CT, USA): TOBACCO 
CARCINOGEN NNK (4-[METHYLNITROSAMINO]-1-[3-PYRIDYL]-
1-BUTANONE) INITIATES AND SENSITIZES ACUTE PANCREATITIS 
RESPONSES

1432 – 1450 Coffee break
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1450 – 1536  Session IV. The roles of trypsin and environmental factors 
Chairs: László Czakó (Szeged, Hungary), 
Michael Steer (Boston, MA, USA)

1450 –  Baoan Ji, Jaroslaw Daniluk, Sebastian Gaiser, Craig Logsdon 
(Houston, TX, USA): INTERACTIONS BETWEEN GENES AND THE 
ENVIRONMENT LEAD TO PANCREATITIS IN NEW MOUSE MODELS

1513 –  Walter Halangk (Magdeburg, Germany): MOUSE TRYPSIN 
ISOFORMS IN EXPERIMENTAL PANCREATITIS

1536 – 1606  Session V. Free papers 1-3 
Chairs: László Czakó (Szeged, Hungary), 
Michael Steer (Boston, MA, USA)

1536 –  William J. Wilkinson, Julia Gerasimenko, Oleg V� Gerasimenko, 
Ole H� Petersen (Cardiff, UK): INVESTIGATION INTO PURINERGIC 
SIGNALLING IN MOUSE PANCREATIC ACINAR CELLS

1546 –  Parini Mankad, Ajith K� Siriwardena, Austin C� Elliott, Jason I. E. 
Bruce (Manchester, UK): INSULIN PROTECTS PANCREATIC ACINAR 
CELLS FROM CALCIUM OVERLOAD AND INHIBITION OF THE 
PLASMA MEMBRANE CALCIUM PUMP

1556 –  Richard Schwab, Gyorgy Biczó, Peter Hegyi, Zoltan Rakonczay, 
Akos Pap (Budapest, Hungary): EXPERIMENTAL ACUTE 
PANCREATITIS INDUCED BY AMINO ACIDS: A FINAL WORD

1606 – 1625  Coffee break

1625 – 1757  Session VI. Immune response and inflammation in 
pancreatitis 
Chairs: Zoltán Rakonczay Jr� (Szeged, Hungary), 
Fred Gorelick (New Haven, CT, USA))

1625 –  Ashok Saluja (Minneapolis, MN, USA): PATHOPHYSIOLOGY OF 
PANCREATITIS: NEW PARADIGM

1648 –  A� Dummer, M� Sendler, B�M� Bröker, M� M� Lerch, Julia Mayerle 
(Greifswald, Germany): MODULATION OF THE IMMUNE RESPONSE 
FOR THE TREATMENT OF PANCREATITIS - ROOM FOR REVIVAL

1711 –  George Perides, Emily Michael, Johanna M� Laukkarinen, Jeremy 
S� Duffield, Michael L� Steer (Boston, MA, USA): THE LY-6CHI 
INFLAMMATORY MONOCYTE SUBSET REGULATES THE SEVERITY 
OF PANCREATIC INJURY DURING PANCREATITIS BY GENERATING 
TNF-α
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1734 –   N� Franco-Pons, J� Casas, G� Fabriàs, S� Gea-Sorlí, E� Gelpí, Daniel 
Closa (Barcelona, Spain): PERIPANCREATIC EFFECTS OF ACUTE 
PANCREATITIS

1930 – 2200  Welcome reception and dinner: Hotel Tisza 
(Address: 6720 Szeged, Széchenyi tér 3�)

27 March, 2011 (Sunday)

830 – 1002  Session VII. Bioenergetics of pancreatitis   
Chairs: András Spät (Budapest, Hungary), 
Alexei Tepikin (Liverool, UK)

830 –  Viktória Venglovecz, Zoltán Rakonczay Jr�, Stephen Pandol, Péter 
Hegyi (Szeged, Hungary): ACINAR-DUCTAL TANGO IN ACUTE 
PANCREATITIS

853 –  David Criddle (Liverpool, UK): MITOCHONDRIAL DYSFUNCTION 
AND PANCREATITIS

916 –  Robert Sutton (Liverpool, UK): THE ROLE OF THE 
MITOCHONDRIAL PERMEABILITY TRANSITION PORE IN ACUTE 
PANCREATITIS

939 –  Svetlana Voronina Stephanie Barrow, Gyorgy Lur, Ciara Walsh, 
Michael Chvanov, Lee Haynes, Alec Simpson, Oleg Gerasimenko, 
David Criddle, Robert Sutton, Ole H� Petersen, Alexei Tepikin 
(Liverpool, UK): BIOENERGETICS OF PANCREATIC ACINAR CELLS

1002 – 1020 Coffee break

1020 – 1215  Session VIII. Calcium signaling 
Chairs: László Hunyady (Budapest, Hungary), 
Indu Ambudkar (Bethesda, MD, USA)

1020 –  Ole Petersen (Cardiff, UK): PATHOPHYSIOLOGY OF PANCREATIC 
CALCIUM SIGNALING

1043 –  Gyorgy Lur, Lee Haynes, Ian Prior, Oleg Gerasimenko, Stefan Feske, 
Robert Sutton, Ole H� Petersen, Robert Burgoyne, Alexei Tepikin 
(Liverpool, UK): STIM, ORAI AND Ca2+ INFLUX IN PANCREATIC 
ACINAR CELLS

1106 –  Oleg V. Gerasimenko (Cardiff, UK): CALCIUM REGULATION OF 
APOPTOSIS IN PANCREATIC ACINAR CELLS

1129 –  Jong Hak Won, Yu Zhang, Craig D� Logsdon, David Yule 
(Rochester, NY, USA): PHENOTYPIC CHANGES IN Ca2+ SIGNALING 
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CHARACTERISTICS DURING ACTIVATION OF PANCREATIC 
STELLATE CELLS

1152 –  Pulak Kar, Charmaine Nelson, Anant Parekh (Oxford, UK): 
REGULATION OF Ca2+-DEPENDENT TRANSCRIPTION FACTORS BY 
Ca2+ MICRODOMAINS NEAR OPEN CRAC CHANNELS

1215 – 1315 Lunch

1245 – 1315 Poster session II.

1315 – 1510  Session IX. Pancreatic ducts and luminal pH 
Chairs: Shmuel Muallem (Bethesda, MD, USA), 
Mike Gray (Newcastle upon Tyne, UK)

1315 –  Péter Hegyi, Petra Pallagi, Viktória Venglovecz, Katalin Borka, 
Béla Ózsvári, Linda Judák, Miklós Sahin-Tóth, Andrea Geisz, 
József Maléth, Tamás Takács, Mike A� Gray, Barry E� Argent, Zoltán 
Rakonczay (Szeged, Hungary): THE INHIBITORY EFFECTS OF 
TRYPSIN ON PANCREATIC DUCTAL SECRETION: A VICIOUS CYCLE

1338 –  Peter Thorn (Brisbane, Australia): VAMP8 IS ESSENTIAL FOR 
COMPOUND EXOCYTOSIS

1401 –  Shmuel Muallem (Bethesda, MD, USA): IRBIT, WNKS AND HCO3
- 

SECRETION
1424 –  Hyun Woo Park, Joo Hyun Nam, Jinsei Jung, Min Goo Lee (Seoul, 

South Korea):  BICARBONATE PERMEABILITY OF CFTR AND ANO 
ANION CHANNELS

1447 –  Ivana Novak, Kristian A� Haanes, Jing Wang, Mikio Hayashi 
(Copenhagen, Denmark): ROLE OF PURINERGIC SIGNALLING IN 
PANCREAS

1510 – 1530 Coffee break

1530 – 1616  Session X. Epithelial ion transport 
Chairs: Min Goo Lee (Seoul, South Korea), 
Jason Bruce (Manchester, UK)

1530 –  O� Hegyesi , A� Földes, E� Bori, Z� Borbély, M�C� Steward,  
Gábor Varga (Budapest, Hungary): EVIDENCE FOR ELECTROLYTE 
TRANSPORT OF TWO DIMENSIONAL HUMAN SUBMANDIBULAR 
GLAND - A SMALL STEP TOWARDS SALIVARY TISSUE 
ENGINEERING
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1553 –  Jay Chiorini (Bethesda, MD, USA): ALTERING SIALADENITIS BY 
LOCAL GENE THERAPY

1616 – 1646  Session XI. Free papers 4-6 
Chairs: Min Goo Lee (Seoul, South Korea), 
Jason Bruce (Manchester, UK)

1616 –  Aliye Uc, David A� Stoltz, Paula Ludwig, Alejandro Pezzulo, 
Michelle Griffin, Marwa Abu-El-Haija, Maisam Abu-El-Haija, David 
K� Meyerholz, Peter Taft, Michael J� Welsh (Iowa City, IA, USA): 
CHARACTERISTICS OF PANCREATIC AND BILIARY FLUID IN CYSTIC 
FIBROSIS PIGS

1626 –  Matthew C. Cane, W� Huang, A�V� Tepikin, R� Sutton, D�N� Criddle 
(Liverpool, UK): COMPARATIVE EFFECTS OF CAFFEINE METABOLITES 
ON IP3R INHIBITION AND CAERULEIN-INDUCED ACUTE 
PANCREATITIS

1636 –  Daiki Okamura, Jun Ienaga, Marlene E� Starr, Hitoshi Takahashi, B� 
Mark Evers, Hiroshi Saito (Lexington, KY, USA): AN AGED MOUSE 
MODEL OF ACUTE PANCREATITIS

1646 – 1705 Coffee break

1705 – 1814  Session XII. Genetics 
Chairs: Miklós Sahin-Tóth (Boston, MA, USA), 
Heiko Witt (Munich, Germany)

1705 –  Heiko Witt (Berlin, Germany): GENETIC STUDIES IN PANCREATITIS: 
DESIGN, DATA INTERPRETATION AND LESSONS WE LEARNED  
(OR NOT)

1728 –  Jonathan Cohn (Durham, NC, USA): GENETIC ASPECTS OF 
PANCREATITIS

1751 –  Jonas Rosendahl (Leipzig, Germany): GENETICS OF ACUTE 
PANCREATITIS

1814 – 1820 Closure of the meeting

2000 – 2200 Folk dance evening and Dinner: Kisszínház 
  (Address: 6720 Szeged, Horváth Mihály u� 3�)

End of Programme
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Session I� Etiological factors: bile acids, Saturday, 8�15-9�47
Lecture 1

CELLULAR MECHANISMS RESPONSIBLE FOR ACUTE BILIARY 
PANCREATITIS: FROM RECEPTOR TO EFFECTOR 

George Perides1, Johanna Laukkarinen2, Emily Michael1, Michael Steer1

1Department of Surgery, Tufts Medical Center Boston, MA 02111, 2Department 
of Gastroenterology and Alimentary Tract Surgery, Tampere University Hospi-
tal, Tampere, Finland
Introduction: The mechanisms by which intraductal reflux of bile acids induces 
pancreatitis are unknown. 
objective: To determine if this phenomenon might be mediated by Gpbar1, 
a recently identified and widely expressed G protein-coupled, cell surface bile 
acid receptor and to define the mechanisms by which that might occur.
Methods: We induced pancreatitis in wild-type and Gpbar1-/- mice by retro-
grade ductal infusion of taurolithocholic acid-3-sulfate (TLCS) or by supramax-
imal stimulation with caerulein. For in-vitro studies, acini from wild-type or 
Gpbar1-/- mice were exposed to sub-micellar concentrations of TLCS (100-400 
µM) or a supramaximally stimulating concentration of caerulein (10 nM). 
results: Gpbar1 is expressed at the apical pole of acinar cells. Its genetic dele-
tion is associated with reduced hyperamylasemia, edema, inflammation, and 
acinar cell injury in TLCS-induced, but not in caerulein-induced, pancreati-
tis. When studied in-vitro, genetic deletion of Gpbar1 was found to markedly 
reduce generation of pathological calcium transients, zymogen activation, and 
cell injury in response to TLCS, but not in response to caerulein. Acting via 
Gpbar1 in wild-type acini, TLCS was found to activate adenylate cyclase, lead-
ing to cAMP generation. It was also found to trigger both PI3K-dependent gen-
eration of pathological calcium transients and PI3K-dependent activation of 
digestive enzyme zymogens. 
conclusions: Gpbar1 plays a critical role in bile acid-induced mouse pancreati-
tis. These observations lead us to suggest that acute biliary pancreatitis may be a 
“receptor-mediated” disease and that interventions which interfere with Gpbar1 
function might prove beneficial in the treatment and/or prevention of biliary 
acute pancreatitis.
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Session I� Etiological factors: bile acids, Saturday, 8�15-9�47
Lecture 2

PATHOPHYSIOLOGICAL RELEVANCE OF APICAL LARGE-
CONDUCTANCE CA2+ ACTIVATED K+ CHANNELS IN PANCREATIC 
DUCT CELLS

Mike Gray

Epithelial Research Group, Institute for Cell & Molecular Biosciences,  Newcastle 
University Medical School, Newcastle upon Tyne, NE2 4HH, UK
We have previously shown that bile acids alter guinea pig pancreatic ductal 
HCO3

- secretion and have speculated that these effects may be involved in the 
pathogenesis of bile-induced pancreatitis in humans (Venglovecz et al. Gut. 
2008). The aim of this study was to understand the mechanism responsible for 
bile-induced hypersecretion, observed when ducts are exposed to low concen-
trations of the unconjugated bile acid chenodeoxycholate (CDC), and in par-
ticular to identify the molecular target for bile acids in pancreatic duct epithelial 
cells (PDEC). Using standard whole cell current recordings, exposing PDEC to 
0.1 mM CDC reversibly increased whole cell K+ currents ~ 3-fold and hyper-
polarised membrane potential by ~ 18 mV. Bile acid-stimulated currents were 
inhibited by Ba2+ (2 mM), iberiotoxin (100 nM), and suppressed by strong intra-
cellular Ca2+ buffering. Luminally applied iberiotoxin also blocked CDC-stim-
ulated HCO3

- secretion (hypersecretion), measured by spectrofluorimetry from 
isolated microperfused ducts. Moreover, the specific maxi-K+ channel activa-
tor, NS11021 induced a similar increase in HCO3

- secretion to CDC. Immu-
nohistochemical analysis of intact pancreatic tissue showed strong maxi K+ 
channel protein expression on the apical membrane of ductal cells These novel 
results show that maxi K+ channels are (i) expressed at the apical membrane of 
PDEC (ii) regulate HCO3

- secretion and (iii) underlie the stimulatory (defence) 
response of ducts to bile acids. We speculate that these channels may represent 
a novel therapeutic target to develop new therapies for acute pancreatitis.
Supported by The Royal Society and Hungarian Academy of Sciences
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Session I� Etiological factors: bile acids, Saturday, 8�15-9�47
Lecture 3

THE THERAPEUTIC POTENTIAL OF METABOLICALLY STABLE 
DERIVATIVES OF URSODEOXYCHOLIC ACID IN DIARRHOEAL 
DISEASE: AN IN VITRO AND IN VIVO STUDY

Kelly Orlaith1, Elisabetta Pastorini2, Roberto Pellicciari2, Frank Murray 1,  
Aldo Roda2, Alan Hofmann3, Stephen Keely1

1 Depts. of Molecular Medicine/Gastroenterology, Royal College of Surgeons in 
Ireland, 2 Dept. of Pharmaceutical Sciences, University of Bologna, Italy, 3 Dept. 
of Medicine, University of California, San Diego, CA, USA
Introduction: Despite the prevalence of diarrhoeal diseases, there are no drugs 
currently available that directly target epithelial transport in their treatment. 
While ursodeoxycholic acid (UDCA) is widely used in clinical practice, its 
effects on intestinal fluid and electrolyte transport are poorly described. We 
have investigated effects of UDCA and its metabolite, lithocholic acid (LCA), 
on colonic epithelial secretory function.
Methods: Cl- secretion, the driving force for intestinal fluid secretion, was 
measured as changes in short circuit current across voltage-clamped T84 cells 
and mouse colon. Confocal microscopy and surface biotinylation were used to 
assess abundance/surface expression of transport proteins.
results: Unlike other dihydroxy-bile acids, UDCA (10µM-1mM) was devoid 
of prosecretory actions but rapidly attenuated responses to the Ca2+ and cAMP-
dependent secretagogues, carbachol (CCh) and forskolin (FSK) to 14.5±4.2% 
and 40.1±7.4% of controls, respectively (n=12, p<0.001). In contrast, in an in 
vivo mouse model, intraperitoneal UDCA (100mg/ml) enhanced responses to 
CCh and FSK to 285±42% and 215±54% of controls, respectively (n=5, p<0.05). 
We hypothesised this prosecretory effect to be due to bacterial metabolism of 
UDCA to LCA. Accordingly, we found that LCA (50–200 µM) enhanced secre-
tion in vitro and that the non-metabolisable UDCA analogue, 6-methyl UDCA 
(6-MUDCA), was antisecretory both in vitro and in vivo. Further investigation 
revealed that UDCA exerts its actions through inhibition of basolateral Na+/
K+-ATPase pumps and K+ channel activity without altering their surface expres-
sion.
conclusion: Metabolically stable UDCA analogues may represent a new class 
of anti-diarrhoeal drug that acts directly at the level of transport protein func-
tion.
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Session I� Etiological factors: bile acids, Saturday, 8�15-9�47
Lecture 4

BILE ACIDS IN THE GI TRACT: THE GOOD THE BAD AND THE 
URSO

Aideen Long

Trinity College Dublin, Ireland
Deoxycholic acid (DCA) is a hydrophobic bile acid which can modulate signal-
ing pathways in epithelial cells and has been implicated in pathogenesis of many 
diseases of the GI tract. We have demonstrated that DCA induces fragmenta-
tion of the Golgi apparatus in epithelial cells via a protein Kinase Ceta- and 
Protein Kinase D-dependent pathway. This DCA-mediated Golgi fragmenta-
tion was associated with alterations in processes including protein glycosyla-
tion and secretion. Modulation of these cellular functions is, in turn, associated 
with inflammation and carcinogenisis. The more hydrophilic bile acid, urso-
deoxycholic acid (UDCA), inhibits DCA-induced Golgi fragmentation via a 
mechanism that utilizes the glucocorticoid receptor (GR). UDCA is currently 
used clinically in the treatment of inflammatory liver disease. We have synthe-
sized UDCA derivatives and screened for their ability to induce GR transloca-
tion in a high content analysis assay using the esophageal cancer SKGT-4 cell 
line. UDCA derivatives induced GR translocation in a time dependent manner 
with equal efficacy to that of dexamethasone (Dex) and with greatly increased 
potency relative to UDCA. A lead compound (CPA) inhibits activation of NFκB 
activation in response to a pro-inflammatory signal. These compounds repre-
sent candidates which may be useful chemopreventative agents in the GI tract.
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Session II� Etiological factors: ethanol, Saturday, 10�05-12�00
Lecture 5

MITOCHONDRIAL DYNAMICS: A NEW PLAYER IN THE ALCOHOL-
INDUCED TISSUE INJURY

György Hajnóczky, Veronica Eisner, György Csordás, Sudipto Das, Soumya 
Sinha Roy, Anil Noronha, Jan B� Hoek

Pathology and Cell Biology, Thomas Jefferson University, Philadelphia, PA, 
USA
Alcohol abuse is associated with diseases of many organs, but the pathogen-
esis of these conditions still remains obscure. Studies on animal models have 
demonstrated that chronic ethanol feeding causes structural and functional 
derangements of mitochondria. Impairments of mitochondrial bioenergetics 
and the apoptosis-regulating function of mitochondria are considered to be 
central for the increased cell death in many tissues. Emerging research indicates 
the interdependence between the factors that regulate mitochondrial morphol-
ogy and function. Altered expression or mutation of the mitochondrial fusion 
fission or motor proteins leads to cell/tissue injury. However, fusion, fission and 
motility processes have been difficult to study until very recently. 
We have developed an array of live cell imaging approaches to visualize and 
quantify both mitochondrial fusion-fission and motility, a toolkit that enables 
us to uncover the mechanisms, the regulation and impairment of mitochon-
drial dynamics upon alcohol exposure. Our studies provide evidence that both 
chronic and acute ethanol exposure alters the mitochondrial morphology and 
suppresses fusion dynamics in skeletal muscle and liver. We propose that the 
changes in mitochondrial morphology are important events in determining 
complex cellular and tissue responses to ethanol contributing to tissue injury.
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Session II� Etiological factors: ethanol, Saturday, 10�05-12�00
Lecture 6

LYSOSOMAL DAMAGE AND IMPAIRED AUTOPHAGY  
IN ALCOHOLIC PANCREATITIS

Ilya Gukovsky

Veterans Affairs Greater Los Angeles Healthcare System & University of Cali-
fornia at Los Angeles, and Southern California Research Center for Alcoholic 
Liver and Pancreatic Diseases, Los Angeles, CA, USA
The mechanisms by which alcohol predisposes to pancreatitis remain elusive. 
Based on our recent findings, we propose a novel hypothesis that a combination 
of two events is critical for the development of alcoholic pancreatitis: 1) induc-
tion of autophagy, and 2) impaired lysosomal function which makes autophagy 
defective. Autophagy (macroautophagy) is the principal cellular degradative, 
lysosome-driven process. In a recent study on experimental models of nonal-
coholic acute pancreatitis, we found that autophagy is activated but its progres-
sion/resolution is profoundly impaired. Autophagy impairment is caused by 
lysosomal dysfunction a prominent manifestation of which is defective process-
ing of cathepsins, major lysosomal hydrolases. Further, our findings revealed 
that impaired autophagy mediates 2 key pathologic responses of pancreatitis: 
acinar cell vacuolation and intra-acinar trypsinogen activation.
Our results indicate that ethanol feeding alone causes lysosomal dysfunction in 
rat pancreas similar to that we found in nonalcoholic acute pancreatitis. How-
ever, a critical difference is that ethanol per se does not activate autophagy. We 
propose that this is a main reason why ethanol feeding alone does not induce 
pancreatitis in rodents. In conditions of basal unstimulated autophagy, the con-
sequences of ethanol-induced lysosomal dysfunction are limited. However, a 
combination of ethanol feeding, which causes lysosomal dysfunction, and stres-
sors that induce autophagy leads to defective autophagy and thus pancreatitis. 
Our results suggest that this is the mechanism through which ethanol feeding 
“sensitizes” to pancreatitis induced by low-dose cerulein that by itself does not 
elicit pancreatitis. The interplay of ethanol’s effects on lysosomal and autophagic 
functions plays a key role in the pathogenesis of alcoholic pancreatitis.  
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Session II� Etiological factors: ethanol, Saturday, 10�05-12�00
Lecture 7

HYPERTRIGLYCERIDAEMIA AND ACUTE PANCREATITIS

F� Yang*, Y� Wang+, L� Sternfeld*, J�A� Rodriguez#, F� Carriere#, G� Liu+,  
W� Hofer§, I� Schulz*

* Physiological Institute, University of Saarland, Homburg (Saar), Germany
+  Institute of Cardiovascular Sciences and Key Laboratory of Molecular Cardio-

vascular Sciences, Ministry of Education, Peking University, Beijing, China
# Laboratory of Enzymology at Interfaces and Physiology of Lipolysis, CNRS, 
Marseille Cedex, France

§ Department of Biology, University of Konstanz, Konstanz, Germany
Recurrent pancreatitis is a common complication of severe hypertriglyceridae-
mia (HTG) in patients carrying various gene mutations in lipoprotein lipase 
(LPL). We have studied the role of free fatty acids (FFA), of active pancreatic 
lipase (PL) and of inactive mutants in injury of isolated pancreatic acinar cells 
from mice as a possible pathogenic mechanism involved in pancreatitis. 
Our data show that the agonist caerulein increases the levels of serum amylase 
and causes more severe inflammation in the pancreas of LPL- deficient mice 
than in wild type mice. Addition of FFA or of chylomicrons to pancreatic acinar 
cells causes amylase release and at higher concentrations cell damage. This effect 
of FFA is decreased by the lipase inhibitor orlistat. PL or inactive mutants of 
PL act like an agonist and induce amylase secretion, increase in cellular cGMP 
levels and convert sustained elevation of cytosolic Ca2+ to normal Ca2+ oscilla-
tions. 
We conclude from our data that high concentrations of FFA as present in the 
plasma of LPL-deficient mice and in patients with HTG lead to pancreatic cell 
damage and are high risk factors for the development of acute pancreatitis. PL 
has a dual effect. Its enzymatic activity leads to the generation of cell damaging 
FFA from triglycerides present at high concentrations in patients with HTG. In 
addition PL can directly act on the acinar cell membrane like an agonist and 
convert cell damaging global [Ca2+] to Ca2+ oscillations. This prevents Ca2+ over-
load and thereby protects the cell and counteracts cell injury. 
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Session II� Etiological factors: ethanol, Saturday, 10�05-12�00
Lecture 8

OBESITY AND ACUTE PANCREATITIS: MECHANISTIC 
CORRELATIONS

Vijay Singh

Division of Gastroenterology, Hepatology & Nutrition – University  
of Pittsburgh, Pittsburgh, PA, USA
Background: Obesity is an established risk factor for severe acute pancreatitis. Visceral fat 
may account for this and occurs in the mesentery, omentum, liver, intra- and peripancreatic 
space. Previous studies show an increase in intrapancreatic fat (IPF) with BMI in normal 
individuals. However, if this association is maintained, and the mechanism by which it may 
cause or exacerbate acute pancreatitis remains unclear. 
Methods: Using the UPMC-Presbyterian Hospital Autopsy database, we identified all 
patients with an autopsy diagnosis of acute pancreatitis (AP) from 1998-2008. Pancreas 
slides of 24 AP patients and 50 controls were scored for IPF as a percentage of pancreatic area 
(%IPF). % IPF on histology was correlated with IPF on CT scans. Patient medical records 
were reviewed to confirm the clinical diagnosis and assess severity. Amount of fat necrosis, 
parenchymal necrosis and peri-fat acinar necrosis (PFAN) were also quantified histologi-
cally as percentage of pancreatic area. In vitro, Free fatty acids (FFAs, linolenic, linoleic, oleic, 
palmitic, and stearic acid, 0-1.2 mM) were added and acinar damage was quantified with 
and without the intracellular calcium chelator BAPTA-AM, using LDH leakage as a marker. 
Necrotic cell death was documented by propidium iodide (PI) uptake and acinar ATP levels. 
Intracellular calcium (Cai) levels were measured using Fura-2AM.
results: % IPF on Histology and CT showed a significant correlation (R=0.764, p<0.01). 
%IPF was equally increased in obese controls (18.3+10.8% vs.10.3+9.9%; p<0.009) and AP 
patients (20.8+7.1% vs.10.9+9.0%, p<0.01) compared with non obese individuals. Among 
patients with clinical AP (n=13), both BMI (40.0+6.4 vs. 30.3+7.1, p=0.03) and intrapan-
creatic fat (23.4+9.6%.vs 7.9+5.6% in non-obese AP patients, p=0.003) were significantly 
higher in patients with severe (n=5) compared with mild acute pancreatitis (n=8). Obese 
patients with AP had higher fat necrosis (7.7+ 2.0%, vs. 1.2+0.6%, p=0.027). Controls had no 
fat necrosis (0.16%+0.05% in non obese, 0.13+0.09% in obese controls, p=0.76, both were 
significantly less than in AP patients, p<0.01) PFAN was significantly higher in obese AP 
patients, contributing to half the fat necrosis. In vitro, UFAs (but not Stearic or palmitic acid, 
even at 1.2 mM) dose dependently increased Cai and LDH leakage which progressed over 5 
hours to >80% at 300µM. Parallel increases in PI uptake and drop in ATP levels suggested 
a necrotic mode of death. BAPTA-AM reduced cell death (by 27%). While the extracellular 
calcium chelator EGTA did not affect FFA induced Cai increase, endoplasmic reticulum cal-
cium depletion with thapsigargin prevented this increase. 
conclusions: Intrapancreatic fat is equally increased in obese subjects with and without 
AP, suggesting a lack of causal association between intrapancreatic fat amount and AP. An 
association between increased intrapancreatic fat with severe acute pancreatitis however 
suggests a potential role of intrapancreatic fat with adverse outcomes in AP. The mechanism 
of this seems to be via is worse fat necrosis and peri-fat acinar damage due to UFA induced 
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toxicity. Intracellular calcium plays a role in this phenomenon.
Session II� Etiological factors: ethanol, Saturday, 10�05-12�00
Lecture 9

ALCOHOL-INDUCED PANCREATIC TRYPSINOGEN ACTIVATION 
DEPENDS ON CALMODULIN-SENSITIVE INOSITOL 
TRISPHOSPHATE RECEPTORS 2 AND 3

Julia V� Gerasimenko

MRC Group, School of Biosciences, Cardiff University, Museum Avenue Cardiff 
CF10 3AX, Wales, UK 
Acute pancreatitis is generally initiated by premature trypsinogen activation in 
pancreatic acinar cells mediated by excessive intracellular calcium release from 
internal stores. One of the major causes of acute pancreatitis is excessive alcohol 
intake; however the molecular mechanism of this severe inflammatory disease 
is not completely understood. We now show that in two-photon permeabilized 
mouse pancreatic acinar cells even a relatively low ethanol concentration elicits 
calcium release from intracellular stores and also induces intracellular trypsino-
gen activation. Adding the calcium sensor calmodulin (at a normal intracellular 
concentration) to the permeabilized cells markedly reduced ethanol-induced 
calcium release and trypsinogen activation. Both ethanol-elicited calcium lib-
eration and trypsin activity were significantly reduced in acinar cells from mice 
in which type 2 inositol trisphosphate receptors had been knocked out. Dou-
ble knock out of inositol trisphosphate receptors of both types 2 and 3 further 
reduced ethanol-induced calcium release and trypsinogen activation to low 
levels. Thus the inositol trisphosphate receptor calcium release channels, that 
are responsible for normal pancreatic stimulus-secretion coupling, are also play 
a major role in the toxic action of ethanol. Calmodulin provides a protective 
mechanism, regulating the sensitivity of the calcium release process.
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Session III� Zymogen activation in pancreatitis, Saturday, 13�00-14�32
Lecture 10

INTRACELLULAR PROTEASE ACTIVATION COMPARTMENTS  
IN PANCREATITIS

Markus M� Lerch

Department of Medicine A, University Medicine of the Ernst-Moritz-Arndt 
Universität Greifswald, Greifswald, Germany
Since the 19th century it has been assumed that acute pancreatitis represent a 
disease of self-digestion of the pancreas by its own proteases. While many stud-
ies have addressed the mechanisms through which premature protease activa-
tion is initiated the present investigation concerns the subcellular organelle in 
which it begins. Three candidates have been proposed.
One hypothesis predicts that protease activation begins in the secretary com-
partment. This is supported by the fact that almost all digestive proteases are 
sorted into membrane-confined secretory vesicles destined for regulated trans-
port and exocytosis. The lysosomal enzyme cathepsin-B, a known activator of 
trypsinogen, is also abundantly present in secretory vesicles. A second hypothe-
sis predicts that protease activation begins in endocytic vesicles. Initial evidence 
for aberrant endocytosis came from experiments in which endoytic markers 
were perfused through the pancreatic duct in vivo. Under physiological condi-
tions fluid-phase markers undergoing endocytosis from the luminal surface are 
sorted into the secretory pathway. Under conditions preceding pancreatitis, such 
as duct ligation, they are sorted via endosomes to late lysosomes. The  Liverpool 
group has established by dual-photon laser-microscopy that endocytosis of 
proteolytic zymogens can result in their activation. A third hypothesis predicts 
that premature protease activation begins in autophagosomes and requires 
autophagy. New methods that allow to quantitate and visualize autophagy in 
pancreatic acinar cells have demonstrated that this process is abundant dur-
ing pancreatitis. Moreover, the deletion of critical autophagy genes reduces the 
extent of protease activity during pancreatitis. Recent experiments have resolved 
some of the controversies raised by these three hypotheses.
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Session III� Zymogen activation in pancreatitis, Saturday, 13�00-14�32
Lecture 11

ZYMOGEN ACTIVATION IN THE PANCREATIC ACINAR CELL

Fred Gorelick

Department of Internal Medicine, Yale University, School of Medicine, New 
Haven, CT, USA
Regulation of zymogen activation within the pancreatic acinar is a key initiat-
ing event in acute pancreatitis. The factors that mediate this activation and the 
compartment in which this activation takes place are not fully understood. Fur-
ther, we have found that the extracellular environment affects the sensitivity of 
the acinar cell to harmful stimulation that can initiate acute pancreatitis. One 
important factor is the extracellular pH-an acidic environment makes acinar 
cells more sensitive to stimuli such as cholecystokinin and carbachol. We have 
recently examined the effects of extracellular pH on calcium signaling in the 
acinar cell. We find that reducing extracellular pH is associated with changes in 
cytosolic calcium signaling induced by physiologic concentrations of cerulein 
that are shared by cerulein hyperstimulation at a higher pH. This enhanced 
calcium signal appears to be largely mediated through the ryanodine recep-
tor. Raising the pH above 7.5 was highly protective. We have also examined in 
the compartment in which zymogen activation occurs using cell-fractionation 
techniques. When examined within the first hour of inducing pancreatitis, most 
activity is found in a heavy fraction. However, this fraction can be separated 
from mature zymogen granules and is associated with specific Rab proteins and 
vacuolar ATPase subunits. Our findings suggest that changes in extracellular 
pH may affect zymogen activation in part by modulating calcium signaling and 
that the much of the initial activation may occur in a distinct, high density com-
partment. 
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Session III� Zymogen activation in pancreatitis, Saturday, 13�00-14�32
Lecture 12

MECHANISMS OF ZYMOGEN ACTIVATION IN CHRONIC 
PANCREATITIS.

TRYPSINOGEN ACTIVATION PEPTIDE MUTATIONS IN HEREDITARY 
PANCREATITIS

Miklós Sahin-Tóth

Department of Molecular and Cell Biology, Boston University Medical Center, 
Boston, MA, USA
Mutations of human cationic trypsinogen (serine protease 1, PRSS1) are causa-
tive agents of hereditary chronic pancreatitis. Despite 15 years of research since 
the discovery of the first pancreatitis-associated trypsinogen mutation, our 
understanding of how these mutations trigger chronic pancreatitis has remained 
limited. While earlier investigations aimed at identifying a unifying mechanism 
of action for all trypsinogen mutations, more recent studies suggest mutation-
specific pathways leading to acinar cell injury. Notably, studies on a relatively 
rare subset of mutations affecting the trypsinogen activation peptide offered 
unique insight into a pathological pathway involving accelerated autoactivation 
of trypsinogen to active trypsin with consequent acinar cell death. In this pres-
entation we review the available genetic, biochemical and cell biological data on 
the trypsinogen activation peptide mutants and discuss their implications for 
the pathogenesis of hereditary pancreatitis.
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Session III� Zymogen activation in pancreatitis, Saturday, 13�00-14�32
Lecture 13

TOBACCO CARCINOGEN NNK (4-[METHYLNITROSAMINO]-1-
[3-PYRIDYL]-1-BUTANONE) INITIATES AND SENSITIZES ACUTE 
PANCREATITIS RESPONSES

M� Alexandre, S� Minervini, V� Patel, A�K� Uduman, C� Shugrue, F� Gorelick,  
E� Thrower 

Section of Digestive Diseases, VA Connecticut Healthcare, West Haven, & Yale 
University School of Medicine, New Haven, CT, USA
Clinical studies suggest that cigarette smoking increases the risk for develop-
ing acute pancreatitis. A major constituent of tobacco is the compound NNK 
(4-[methylnitrosamino]-1-[3-pyridyl]-1-butanone) which is a potent agonist of 
several signaling pathways that could mediate effects of smoking-related pan-
creatitis. We hypothesized that nnk could directly mediate or sensitize to 
pancreatitis responses. The effects of NNK were first examined in isolated rat 
pancreatic acinar cells. NNK caused a concentration-dependent (0.1 nM-100 
nM) increase of up to 3-fold in trypsinogen activation over control. Further, 
NNK pre-treatment sensitized acinar cells to cerulein (100 nM)-induced 
trypsinogen activation. Similar effects of NNK on zymogen activation were 
seen in acinar cells treated with hyperstimulatory concentrations of the mus-
carinic agonist carbachol (1 mM). In vivo studies showed that NNK given to rats 
by IP injection (100mg/kg body weight) caused a 6-fold increase in trypsinogen 
activation within 4 hours. NNK alone did not cause edema or inflammation, 
but pre-treatment of animals with NNK, followed by cerulein (40 μg/kg) tended 
to increase levels of edema, inflammation and necrosis compared to cerulein 
alone. Potential targets of NNK include non-neuronal nicotinic acetylcholine 
receptors and β-adrenergic receptors; both types of receptors were detected in 
the acinar cell using PCR. NNK mediated acinar cell responses were unaffected 
by the β-blocker propranolol, but reduced by the nicotinic receptor antagonist 
mecamylamine, suggesting NNK works through a nicotinic receptor. These 
studies indicate that NNK may act directly on the pancreatic acinar cell to initi-
ate and/or sensitize pancreatitis responses. 
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Session IV� The roles of trypsin and environmental factors, Saturday, 14�50-15�36
Lecture 14

INTERACTIONS BETWEEN GENES AND THE ENVIRONMENT LEAD 
TO PANCREATITIS IN NEW MOUSE MODELS

Baoan Ji, Jaroslaw Daniluk, Sebastian Gaiser, Craig D� Logsdon

University of Texas, MD Anderson Cancer Center, Houston, TX 77030, USA
The development of pancreatitis is likely due to interactions between genes and 
the environment. For example, alcohol abuse is strongly associated with pancre-
atitis; yet, most persons who abuse alcohol do not suffer from pancreatitis. The 
mechanisms which make one person susceptible and another not to the effects 
of alcohol are unknown. Furthermore, many cases of pancreatitis are completely 
idiopathic, without obvious risk factors. Other than the rare mutations that lead 
to familial chronic pancreatitis, other genetic contributions are unknown. We 
have recently developed two genetic mouse models that do not develop pan-
creatitis under control conditions, but that predispose to the development of the 
disease when combined with environmental factors. In one model, endogenous 
levels of mutant K-Ras expressed in acinar cells, which cause no observable 
effects, predispose to acute and chronic pancreatitis when challenged by die-
tary or inflammatory insults. In the other model, mutations in the trypsinogen 
gene that have no apparent effects on their own predispose to pancreatitis when 
the animals are challenged by alcohol feeding. This is the first animal model in 
which alcohol feeding alone is sufficient to induce severe chronic pancreatitis. 
These new models are more physiologically relevant than previous models of 
pancreatitis, as they do not require injurious treatments. Furthermore, these 
models suggest new mechanistic explanations of the known pattern of pancrea-
titis occurrence. These models will be useful for further  studies of the mecha-
nisms and treatments for pancreatitis.
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Session IV� The roles of trypsin and environmental factors, Saturday, 14�50-15�36
Lecture 15

MOUSE TRYPSIN ISOFORMS IN EXPERIMENTAL PANCREATITIS

Walter Halangk

Division of Experimental Surgery, Otto-von-Guericke University Magdeburg, 
Germany
Trypsinogen activation within the pancreatic acinar cell represents a charac-
teristic early event in rodent experimental pancreatitis. In the mouse pancreas, 
a large number of trypsinogen isoforms are expressed. Major isoforms identi-
fied by proteomic analysis are trypsinogens 20, 9, 8 (anionic), 7 (cationic), and 
trypsinogen 4/5.
Caerulein hyperstimulation induces a trypsin activity that is largely insensi-
tive against biological trypsin inhibitors (SBTI, aprotinin, SPINK). Inhibitor 
titrations with recombinant trypsins show that trypsins 4 and 5 are much less 
sensitive to the inhibitors SBTI and mouse SPINK3. Trypsin(ogen) 4 repre-
sents this mesotrypsin-like activity, and is up-regulated in caerulein pancreati-
tis. Inhibitor-insensitive trypsin activity can be early measured after caerulein 
treatment. Inhibitor-sensitive trypsin activity occurs late in the time-course of 
caerulein pancreatitis. Appearance of this trypsin activity is linked to the pres-
ence of autophagolysosmes and requires cathepsin B as trypsinogen-activating 
enzyme. 
The data indicate that intracellular trypsinogen activation represents a complex 
process with the appearance of various active isoforms in different compart-
ments in the time-course of experimental pancreatitis.
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Session V� Free papers 1-3, Saturday, 15�36-16�06
O-Sa-01

INVESTIGATION INTO PURINERGIC SIGNALLING IN MOUSE 
PANCREATIC ACINAR CELLS

William J� Wilkinson, Julia Gerasimenko, Oleg V� Gerasimenko, Ole H� 
Petersen

School of Biosciences, Cardiff University, Cardiff, CF10 3AX, UK
Purinergic (P2) receptors for extracellular adenosine triphosphate (ATP) are 
widely distributed throughout the body where they play diverse roles in cell sig-
nalling. P2Y receptors are metabotropic receptors that are also able to respond 
to ADP and uridine nucleotides, mobilising intracellular Ca2+ via the produc-
tion of inositol 1,4,5-triphosphate. Ionotropic P2X receptors respond to physi-
ological ATP and have varying degrees of Ca2+ permeability. ATP is released by 
acinar cells and is a ubiquitous co-transmitter at all neurons, suggesting possi-
ble autocrine and paracrine signalling roles in the exocrine pancreas. Previous 
studies have suggested that a small subset of acinar cells in the rat pancreas are 
able to respond to ATP, here we extend these studies and evaluate the potential 
role of purinergic signalling in murine acinar cells. Briefly, acinar cells are iso-
lated from mice pancreata by collagenase digestion, before loading with Ca2+-
indicator dyes. Effects on intracellular Ca2+ of P2 receptor agonists and antago-
nists are compared with effects of acetylcholine as an indicator of cell viability. 
Preliminary experiments show that acinar cells from 78% of pancreata respond 
to ATP (n = 9), and that 50% of murine pancreatic acinar cells tested respond 
to extracellular ATP (n = 99), rising to 63% when considering only cells from 
responding pancreata (n = 79). These preliminary data suggest an important 
role for purinergic signalling in the murine exocrine pancreas and highlight 
vital species differences in pancreatic signalling.
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Session V� Free papers 1-3, Saturday, 15�36-16�06
O-Sa-02

INSULIN PROTECTS PANCREATIC ACINAR CELLS FROM CALCIUM 
OVERLOAD AND INHIBITION OF THE PLASMA MEMBRANE 
CALCIUM PUMP

Parini Mankad, Ajith K� Siriwardena*, Austin C� Elliott, Jason I� E� Bruce

Faculty of Life Sciences, The University of Manchester, Manchester, UK
* Hepatobiliary Surgery Unit, Manchester Royal Infirmary 
Introduction: Oxidant–induced cytosolic calcium ([Ca2+]i) overload has been 
implicated in acute pancreatitis. Our previous studies showed that this Ca2+ 
overload is due in part to inhibition of the plasma membrane Ca2+-ATPase 
(PMCA), and coincides with mitochondrial depolarisation. Insulin is reported 
to be protective in animal models and human clinical studies of pancreatitis.
objectives: To test the direct protective effects of insulin on oxidant-impaired 
Ca2+ homeostasis in rat pancreatic acinar cells. 
Methods: Acinar cells were isolated by collagenase digestion and [Ca2+]i was 
measured by fura-2 imaging. An in situ [Ca2+]i clearance assay assessed PMCA 
activity. Dichlorofluoroscein (DCF) fluorescence assessed oxidative stress, 
tetramethylrhodamine methylester (TMRM) fluorescence assessed mitochon-
drial membrane potential and NAD(P)H autofluorescence assessed metabolic 
activity. Western blotting with pAkt-S473 antibody was used to assess insulin-
induced phosphorylation and thus activation of Akt. 
results: Insulin pre-treatment (100 nM for 30 minutes), which induced Akt 
phosphorylation, prevented the H2O2–induced Ca2+ overload and attenuated 
H2O2–induced inhibition of the PMCA. However, insulin had no effect on 
H2O2-induced DCF or TMRM fluorescence. Finally, insulin reduced the CCCP-
induced (mitochondrial) and increased the iodoacetate-induced (glycolytic) 
decrease in NAD(P)H autofluorescence. 
conclusion: Insulin protects pancreatic acinar cells against oxidant-induced 
Ca2+ overload and inhibition of the PMCA independent of oxidative stress or 
mitochondrial depolarisation. Protection by insulin appeared to be due to a 
switch from predominantly mitochondrial to glycolytic metabolism which 
maintains PMCA activity, and thus prevents Ca2+ overload, in the face of 
impaired mitochondrial function. 
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Session V� Free papers 1-3, Saturday, 15�36-16�06
O-Sa-03

EXPERIMENTAL ACUTE PANCREATITIS INDUCED BY AMINO 
ACIDS: A FINAL WORD

Richard Schwab, Gyorgy Biczo, Peter Hegyi, Zoltan Rakonczay, Akos Pap

KPS Diagnostics, National Institute of Oncology, First Dept. Med., Univ. Szeged, 
Hungary
Background: Large doses of L-arginine can produce a toxic effect on the pan-
creas in rats, at least in part, through L-ornithine. Amino acid induced pancrea-
titis has been extensively studied in the past decade with interesting insights 
described. However, its relation to the suspected multifactorial nature of acute 
pancreatitis remained unclear. 
Methods: Effect of L-Threonine (T), L-Methionine (M), L-Arginine (A),  Glycine 
(G) and L-Lysine (L) has been studied in male Wistar rats as a bolus i.p. injec-
tion in dose-equivalent quantities (500mg/100g bw Arginine) on histology and 
mortality after 24-48h and 1 week. We also studied the direct effect of Arginine 
and Lysine 5-50mg/ml on pancreatic acinar and ductal cells in vitro AR4 2J and 
Panc-1 cell lines. Viability and morphology was assessed in proliferation tests 
and confocal microscopy using BZiPAR substrate to visualize trypsinogen acti-
vation in real time. 
results: Vacuolar degeneration was seen in the pancreata in all groups excl. 
G after administration in vivo. Lysine caused 100% mortality. Necrosis was 
seen after A and mild inflammatory changes occurred after T and M with focal 
necrosis in some of the animals. Progressive necrosis at week 1 was only seen 
after A. In vitro, both acinar cells and ductal cells were sensitive to A. Conc > 
20mg/ml showed toxicity. This was a rapid cascade-like event in acinar cells 
reaching 80% necrosis at 3h however, in ductal cells this toxicity peaked only at 
24h. In both cases 20% of the cells survived. Glycine caused no changes com-
pared to controls. Trypsinogen activation was seen already after 1h in parallel 
to the toxicity detected in proliferation assays reaching submaximal levels at 3hs 
and loss of compartments along with “bursting” trypsin activity from necrotiz-
ing acinar cells.
conclusions: basic amino acids are known to interact with charged membrane 
surfaces in humans. The above animal models suggest that their i.p. administra-
tion in vivo causes extensive loss of membrane integrity in pancreatic acini with 
local trypsin activation and pancreatitis. This feature is unique to the positively 
charged amino acids as L-Lysine, Arginine and Ornitine.

33

InternatIonal research Workshop on acute pancreatItIs



Session VI� Immune response and inflammation in pancreatitis, Saturday, 16�25-17�57
Lecture 16

PATHOPHYSIOLOGY OF PANCREATITIS: NEW PARADIGM

Ashok K Saluja 

Division of Basic and Translational research, Department of Surgery, University 
of Minnesota, Minneapolis, MN 55416, USA
Pancreatitis in both its acute and chronic forms causes significant morbidity, 
mortality, and hospitalization. In the US alone, over 300,000 patients are admit-
ted each year for pancreatitis, and more than 2 billion dollars are spent on their 
care. Despite this, there is currently no specific therapy for this disease, a situa-
tion that stems from our incomplete understanding of its pathobiology. Hence, 
there is an urgent need to gain a better understanding of the pathophysiology of 
pancreatitis so that novel and specific treatments can be developed. Intra-aci-
nar trypsinogen activation has been observed consistently in the early stages 
of pancreatitis and is believed to initiate acinar cell injury and inflammation 
during acute pancreatitis. The association of mutations related to pathologic 
trypsinogen activation with hereditary pancreatitis further suggests that trypsin 
has a role in the pathogenesis of pancreatitis. however, the evidence support-
ing the role of trypsin is correlational and circumstantial at best. Thus far, 
no study has shown that activation of trypsinogen in pancreatitis is causally 
responsible for its pathogenesis and conversely, some investigators have even 
suggested a protective role for trypsin in pancreatitis.
Although the role of inflammation in acute and chronic pancreatitis is gain-
ing greater appreciation, the relative contributions of inflammation and trypsin 
activation in pancreatic and systemic injury are unknown. We have recently 
developed knockout mice lacking the trypsinogen 7 gene, the mouse correlate 
of the human cationic trypsinogen. These mice are the most specific tool cur-
rently available to study the role of trypsin in the pathogenesis of pancreatitis as 
they do not undergo trypsinogen activation in response to caerulein hyperstim-
ulation. Intriguingly, our data suggest that trypsin only partially contributes to 
acinar cell injury during acute pancreatitis. Our data also show that inflamma-
tion is activated independent of trypsin activation and could contribute to the 
trypsin-independent component of pancreatic injury during acute pancreatitis. 
Even more exciting are our data suggesting that repeated inflammatory epi-
sodes, in the absence of trypsinogen activation, can lead to chronic pancreatitis. 
These findings are seminal and challenge the decades old-dogma that trypsin is 
central to the pathogenesis of pancreatitis. 
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Session VI� Immune response and inflammation in pancreatitis, Saturday, 16�25-17�57
Lecture 17

MODULATION OF THE IMMUNE RESPONSE FOR THE TREATMENT 
OF PANCREATITIS - ROOM FOR REVIVAL

A� Dummer1, M� Sendler1, B�M� Bröker2, M� M� Lerch1, J� Mayerle1

1  Department of Medicine A and 2Department of Immunology, University of 
Greifswald, Germany 

Premature intracellular protease activation is known to be the primary event in acute pancre-
atitis. However, severe acute pancreatitis is characterised by an early inflammatory immune 
response syndrome (SIRS) and a subsequent compensatory anti-inflammatory response 
syndrome (CARS) contributing to severity as much as protease activation does. CARS sup-
presses the immune system and facilitates nosocomial infections including infected pancre-
atic necrosis, one of the most feared complications of the disease. A number of attempts have 
been made to suppress the early systemic inflammatory response but even if these mecha-
nisms have been found to be beneficial in animal models they failed in daily clinical practice. 
Since T-cells are known to balance immune response we have addressed the role of the Teff 
and Tregs in severe acute pancreatitis. 
In mice depleted for the co-inhibitory surface molecule CTLA-4 T-cell deregulation resulted 
in complete destruction of the pancreas within weeks displaying morphological features of 
chronic pancreatitis. This finding proves T-cells to play an important role in balancing the 
immune response in the pancreas. In severe acute pancreatitis we observed a biphasic activa-
tion of T cells, which increase their expression of CTLA-4, among other activation markers. 
The first peak of CTLA-4 expression was extremely rapid – just hours; the second after 36 h. 
This suggests a role for Tregs, since CTLA-4 is constitutively expressed on these cells and fur-
ther upregulated following activation. To prove this we depleted regulatory T-cells by either 
treating animals with a monospecific antibody directed against the constitutive T-reg surface 
molecule CTLA-4 or by using transgenic animals (DEREG mice) expressing a diphtheria 

toxin receptor-enhanced GFP fusion protein under the control of the foxp3 gene locus. In 
these animals diphtheria toxin injection leads to a selective and efficient depletion of Foxp3+ 
T-reg cells. Tregs depletion before induction of pancreatitis resulted in an increase of the 
early inflammatory response with a significantly increased survival. Thus Tregs are crucial 
for the regulation of the life-threatening inflammation very early in acute pancreatitis. While 
hyperinflammation is dangerous for patients, it can usually be controlled by intensive medi-
cal care. In contrast, prognosis becomes much worse, when infection complicates the disease 
course and CARS is an important risk factor. However, CTLA-4 is also induced on effector 
T cells, where it has an inhibitory function (even though its molecular mechanisms are not 
clear). Blockade of this molecule after the onset of severe acute pancreatitis, at the peak of 
CTLA-4 expression resulted in the activation of T-effector cells and helped to overcome 
CARS. It was beneficial with regard to survival and bacterial translocation. 
These data indicate that T-reg cells play a dominant role in controlling the early immune 
response (SIRS) in severe acute pancreatitis whereas a subsequent Th-1 activation is crucial 
for preventing nosocomial infections and to overcome CARS. Moreover, inhibition of the 
co-inhibitory surface molecule CTLA-4 represents a promising therapeutic strategy aimed 
at reversing the immune deficit during the most critical phase of pancreatitis. 
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Session VI� Immune response and inflammation in pancreatitis, Saturday, 16�25-17�57
Lecture 18

THE LY-6CHI INFLAMMATORY MONOCYTE SUBSET REGULATES 
THE SEVERITY OF PANCREATIC INJURY DURING PANCREATITIS 
BY GENERATING TNF-α

George Perides1, Emily Michael1, Johanna M� Laukkarinen2, Jeremy S� Duffield3, 
Michael L� Steer1 

1 Department of Surgery, Tufts Medical Center Boston, MA 02111 Department 
of Surgery, Tufts Medical Center Boston, MA 02111, 2 Department of Gastroen-
terology and Alimentary Tract Surgery, Tampere University Hospital, Tampere, 
Finland, and 3 Department of Medicine, University of Washington, Seattle, WA, 
98109, USA
Introduction: The roles of monocytes/macrophages and their mechanisms of 
action in the regulation of pancreatitis are poorly understood. 
objective: To determine the white blood cell subtype that regulates pancreatitis 
severity.
Methods: We employed genetically altered mice that either express the human 
diphtheria toxin receptor (DTR) coupled to the CD11b promoter or that have 
global deletion of TNF-α. Targeted, conditional depletion of monocytes/macro-
phages was achieved by administration of diphtheria toxin (DT) to CD11b-DTR 
mice. 
results: Pancreatitis is associated with an increase in pancreatic content of  
Ly-6Chi monocytes/macrophages but this response is prevented by prior admin-
istration of DT to CD11b-DTR mice. DT administration also reduces pancreatic 
edema and acinar cell injury/necrosis in two dissimilar experimental models of 
acute pancreatitis (a secretagogue-induced model and a model elicited by retro-
grade pancreatic duct infusion of Na-taurocholate). In the secretagogue-elicited 
model, the DT- induced decrease in pancreatitis severity is reversed by adoptive 
transfer of purified Ly-6Chi monocytes harvested from non-DT treated CD11b-
DTR mice or by the transfer of purified Ly-6Chi monocytes harvested from 
TNF-α+/+ donor mice but it is not reversed by the transfer of Ly-6Chi monocytes 
harvested from TNF-α-/- donors. 
conclusions: Our studies indicate that the Ly-6Chi monocyte subset regulates 
the severity of pancreatitis by promoting pancreatic edema and acinar cell 
injury/necrosis and that this phenomenon is dependent upon the expression of 
TNF-α by those cells. They suggest that therapies targeting Ly-6Chi monocytes 
and/or TNF-α expression by Ly-6Chi monocytes might prove beneficial in the 
prevention or treatment of acute pancreatitis.
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Session VI� Immune response and inflammation in pancreatitis, Saturday, 16�25-17�57
Lecture 19

PERIPANCREATIC EFFECTS OF ACUTE PANCREATITIS

N. Franco-Pons1, J. Casas2, G. Fabriàs2, S. Gea-Sorlí1, E. Gelpí1, D. Closa1

1  Dept. Experimental Pathology, IIBB-CSIC, IDIBAPS and CIBEREHD,  Barcelona, 
Spain

2 Department of Biomedicinal Chemistry, IQAC-CSIC, Barcelona, Spain
Background: Acute pancreatitis is an inflammatory process of the pancreatic 
gland that in the severe forms triggers the inflammation in remote organs. An 
additional characteristic of pancreatitis is the necrosis of peripancreatic  adipose 
tissue due to the release of lipolytic enzymes. These areas of adipose tissue release 
in turn inflammatory mediators. We have evaluated the generation of halogen-
ated free fatty acids by necrotic adipose tissue in a model of acute pancreatitis. 
Methods: Pancreatitis was induced in rats by intraductal administration of 3.5 
% sodium taurocholate. We obtained samples of adipose tissue and ascitic fluid 
3h, 6h and 18h after induction, and the levels of free fatty acids as well as fatty 
acid chlorohydrins were evaluated by GC-MS. In additional experiments we 
administered fatty acid chlorohydrins, generated by chlorination of adipose tis-
sue lipid extracts, on the peritoneum of control animals. Three hours later we 
obtained peritoneal macrophages and the expression of TNFα on these cells 
was evaluated by RT-PCR. 
results: During pancreatitis, necrotic areas of adipose tissue generate and release 
free fatty acids as well as its chlorohydrins. We identified oleic acid chlorohydrin 
and mono- and bis- chlorohydrin of linoleic acid in both adipose tissue and 
ascitic fluid. Administration of chlorinated lipids in the peritoneal cavity results 
in an increased expression of TNFα by peritoneal macrophages.
conclusion: During severe acute pancreatitis, the necrotic areas of the peripan-
creatic adipose tissue generate chlorinated fatty acids. These halogenated lipids 
could activate macrophages and plays a role in the progression of the systemic 
inflammation. 
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Session VII� Bioenergetics of pancreatitis, Sunday, 8�30-10�02
Lecture 20

ACINAR-DUCTAL TANGO IN ACUTE PANCREATITIS

Viktória Venglovecz1, Zoltán Rakonczay Jr.2, Stephen Pandol3, Péter Hegyi2

1  Department of Pharmacology and Pharmacotherapy, University of Szeged, Szeged, 
Hungary,

2 First Department of Medicine, University of Szeged, Szeged, Hungary
3  Veterans Affairs Greater Los Angeles Healthcare System & University of California at 

Los Angeles, Los Angeles, CA, USA

There is an unacceptably high mortality in acute pancreatitis, which is due to 
the lack of specific treatments for the disease. A major reason stated to account 
for the inability to develop effective treatments is that there are multiple patho-
biologic pathways activated in the acinar cell mediating pancreatitis making it 
difficult to choose molecular targets for therapeutic strategies. However, this 
reasoning limits opportunities for therapeutic development because it does 
include another important participant in pancreatitis – the pancreatic duct cells. 
Pancreatic duct cell secretion of sodium bicarbonate and water has a protec-
tive effect for the entire exocrine pancreas during stresses such as bile reflux or 
ethanol abuse. These stresses can activate secretory pathways that can defend 
the pancreas by (i) washing out the toxic agents and (ii) digestive enzymes from 
the exocrine pancreas, (iii) increasing the intraluminal pH and (iv) maintaining 
and/or restoring the membrane trafficking in pancreatic acinar cells. If this pre-
liminary ductal defence mechanism is overwhelmed by the stressors, the ductal 
secretion can fail leading to pancreatitis. However, more studies are needed to 
demonstrate the protective role of ductal secretions; the mechanisms underly-
ing this protective response; and methods to augment the response for thera-
peutic benefit.
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Session VII� Bioenergetics of pancreatitis, Sunday, 8�30-10�02
Lecture 21

MITOCHONDRIAL DYSFUNCTION AND PANCREATITIS

David N� Criddle

Department of Cellular & Molecular Physiology, Institute of Translational 
Medicine, University of Liverpool, Liverpool, UK
Mitochondrial dysfunction is thought to play a central role in the development 
of acute pancreatitis (AP). In the pancreatic acinar cell mitochondria provide 
energy for secretion and functioning of ATP-dependent calcium pumps essen-
tial for calcium homeostasis. In response to localised, oscillatory increases of 
cytosolic calcium triggered by physiological neurohormonal stimulation, these 
organelles sequester calcium transiently which stimulates ATP production. How-
ever, under pathological conditions e.g. exposure to bile acids or non-oxidative 
ethanol metabolites, in which sustained elevations of cytosolic calcium occur, 
prolonged rises of mitochondrial calcium compromise organelle function. Our 
recent studies have demonstrated that bile acids induce a calcium-dependent 
acute generation of reactive oxygen species (ROS) in both human and murine 
live pancreatic acinar cells that promotes apoptotic cell death. This may con-
stitute a protective mechanism in cells undergoing stress since necrosis was 
concomitantly decreased. In accord with these findings antioxidant treatment, 
which inhibited bile acid-induced ROS and apoptosis, increased the proportion 
of cells undergoing necrosis. Large sustained elevations of intracellular calcium, 
associated with mitochondrial depolarisation and inhibition of bioenergetics, 
are the major trigger for necrosis. Pretreatment with BAPTA-AM to prevent cal-
cium rises or administration of ATP via patch pipette both significantly reduced 
acinar cell necrosis. These findings suggest that abrogation of excessive calcium 
signals in pancreatic acinar cells and/or protection of mitochondria constitutes 
a viable strategy for amelioration of AP, whereas antioxidant treatment is likely 
to be ineffective and potentially worsen the condition.
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Session VII� Bioenergetics of pancreatitis, Sunday, 8�30-10�02
Lecture 22

THE ROLE OF THE MITOCHONDRIAL PERMEABILITY TRANSITION 
PORE IN ACUTE PANCREATITIS

Robert Sutton

Liverpool NIHR Pancreas Biomedical Research Unit, Royal Liverpool and 
Broadgreen University Hospitals NHS Trust and University of Liverpool, 
 Liverpool, UK 
Pancreatic acinar cytosolic calcium overload is common to the effects of toxins 
that cause acute pancreatitis, but the link between calcium overload and the 
severity of pancreatitis has not been established. Data increasingly indicate that 
mitochondrial compromise is a critical event in determining pancreatic acinar 
cell fate, although the mechanism has not previously been identified. In this work 
we have determined that opening of the mitochondrial permeability transition 
pore (MPTP) induced by cytosolic calcium overload is key to toxin-induced 
pancreatic acinar cell necrosis in pancreatitis. When toxin-induced pancreatic 
acinar MPTP opening is blocked either by genetic or pharmacological means, 
cytochrome c release and apoptosis still occur, but mitochondrial function is 
sustained and necrosis prevented. These findings have been made in isolated 
mitochondria and pancreatic acinar cells. In vivo, cyclophilin D knockout or 
MPTP inhibition prevent pancreatic acinar cell necrosis and greatly reduce dis-
ease occurrence or severity in bile acid-induced, hyperstimulation-induced and 
CDE diet-induced acute pancreatitis. These results suggest that the MPTP is a 
suitable target for the treatment of clinical acute pancreatitis.
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Session VII� Bioenergetics of pancreatitis, Sunday, 8�30-10�02
Lecture 23

BIOENERGETICS OF PANCREATIC ACINAR CELLS

Svetlana Voronina, Stephanie Barrow, Gyorgy Lur, Ciara Walsh, Michael 
Chvanov, Lee Haynes, Alec Simpson, Oleg Gerasimenko, David Criddle, 
Robert Sutton, Ole H� Petersen, Alexei Tepikin

Department of Cellular and Molecular Physiology, Institute of Translational 
Medicine, University of Liverpool, Liverpool, L69 3BX, UK
Secretion of pancreatic acinar cells is stimulated by elevation of cytosolic Ca2+. 
The control of cellular calcium is an energy-demanding process. In this situa-
tion, there is a need for the mitochondria to adjust the metabolism to the new 
energy demand, imposed by the secretory state of the cells.
One of the main research lines of our laboratory is to correlate Ca2+ signals 
with the changes of mitochondrial functions and vice versa to investigate how 
changes in bioenergetics affect Ca2+ responses.
We utilised acutely isolated pancreatic acinar cells and optical techniques 
(fluorescence and bioluminescence microscopy) to measure Ca2+ concentra-
tion, NAD(P)H, mitochondrial membrane potential and ATP concentration in 
cytosol and mitochondria.
The important secretagogues cholecystokinin (CCK) and acetylcholine (Ach) 
induced very efficient Ca2+-dependent upregulation of Krebs cycle and ATP 
production in pancreatic acinar cells. We succeeded in resolving the sequence of 
events leading to the upregulation of NAD(P)H concentration in isolated acinar 
cells, during Ca2+ oscillations and prolonged Ca2+ transients. The end point of 
this process is a very efficient Ca2+-dependent acceleration of ATP production. 
Importantly, inducers of acute pancreatitis - bile acids and non-oxidative alco-
hol metabolites reduced cytosolic ATP concentration. The ATP level in turn has 
an important influence on Ca2+ signalling. Loss of ATP resulted in the inhibition 
of Ca2+ oscillations and Ca2+ influx. 
Pancreatic acinar cells provide an interesting example of co-ordination between 
Ca2+ signalling and bioenergetics. Ca2+ signals potentiate energy produc-
tion, whilst compromised bioenergetics results in the inhibition of the Ca2+ 
responses.
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Session VIII� Calcium signaling, Sunday, 10�20-12�15
Lecture 24

PATHOPHYSIOLOGY OF PANCREATIC CALCIUM SIGNALING

Ole H� Petersen

MRC Group, Cardiff School of Biosciences, Cardiff University, CF10 3AX, 
Wales, UK
The pancreatic acinar cell is a classical object for Ca2+ signalling studies. Due to 
its highly polarized structure it has revealed many important aspects of intrac-
ellular Ca2+ handling. High-resolution confocal and two-photon studies of the 
dynamics of [Ca2+] in the cytosol, all major organelles and the immediate extra-
cellular environment of these cells have provided a detailed understanding of 
physiological Ca2+ signalling processes (Petersen & Tepikin Annu Rev Physiol 
70, 273-299, 2008). Physiological stimuli release repetitively small quantities 
of Ca2+ from intracellular stores resulting in spiking Ca2+ signal patterns in the 
cytosol. These Ca2+ signals are mostly confined to the apical granule-containing 
region. In contrast, pathological stimuli – for examples, non-oxidative alcohol 
metabolites (long-chain fatty acid ethyl esters) or bile acids – generate sustained, 
global and toxic elevations of the cytosolic [Ca2+] due to massive release of Ca2+ 
from intracellular stores (Petersen et al Cell Calcium 45, 634-642, 2009). These 
substances, in contrast to physiological stimuli, reduce both cytosolic and mito-
chondrial ATP concentrations (Voronina et al Gastroenterology 138, 1976-1987, 
2010). The excessive release of Ca2+ from intracellular stores – which cannot 
be compensated by reuptake due to lack of ATP – activates intracellular pro-
teases leading to auto-digestion (acute pancreatitis). This occurs principally by 
stimulating IP3 receptors – of sub-types 2 and 3- in acid intracellular stores, 
although ryanodine receptors also play a role (Gerasimenko et al PNAS 106, 
10758-10763, 2009). 
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Session VIII� Calcium signaling, Sunday, 10�20-12�15
Lecture 25 

STIM, ORAI AND CA2+ INFLUX IN PANCREATIC ACINAR CELLS

Gyorgy Lur, Lee Haynes, Ian Prior, Oleg Gerasimenko, Stefan Feske*, Robert 
Sutton, Ole H. Petersen, Robert Burgoyne, Alexei Tepikin 
Department of Physiology, School of Biomedical Sciences, The University of 
Liverpool, Liverpool L69 3BX, UK
*  NYU Langone Medical Centre, 522 First Avenue, SRB 3 314, New York, NY 

10016, USA.
STIM and Orai are the important components of the store operated Ca2+ influx 
pathway. 
We utilised replication deficient adenoviruses to express fluorescently-labelled 
constructs of STIM1 and Orai1 in pancreatic acinar cells. We have used antibod-
ies against STIM1 and Orai1 to probe the distribution of endogenous proteins. 
Electron microscopy was used to reveal the localisation of STIM1- containing 
junctions. 
We found Orai1 concentrated in the apical part of the acinar cells where it was 
co-localised with InsP3 receptors. Orai1 was also detected in the lateral and 
basal regions of the plasma membrane. Upon depletion of intracellular Ca2+ 
store STIM1 translocated to the lateral and basal regions where formation of 
STIM1 puncta and co-localisation of STIM1 and Orai1 puncta was resolved. 
Immunostaining revealed similar distribution of endogenous proteins. Electron 
microscopy allowed us to visualise junctions between the ER and the plasma 
membrane. These ribosome-free junctions were mainly concentrated in the 
basal and lateral regions. 
Polarised morphology of pancreatic acinar cells is reflected in polarised distri-
bution of the components of Ca2+ influx pathway.
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Session VIII� Calcium signaling, Sunday, 10�20-12�15
Lecture 26

CALCIUM REGULATION OF APOPTOSIS IN PANCREATIC ACINAR 
CELLS

Oleg V� Gerasimenko

School of Biosciences, Cardiff University, UK
We have studied calcium regulation of induction of apoptosis in pancreas. In 
pancreatic acinar cells, the earliest events were found to be cytosolic calcium 
elevations due to release of calcium from intracellular stores1. As a result of that 
calcium levels also increased in mitochondria aiding mitochondrial depolarisa-
tion and mPTP. High mitochondrial calcium at the time of oxidant stress was 
found to be the crucial factor in the cell fate2. When mitochondrial calcium 
was low, then apoptosis did not occur regardless of other stores’ content. We 
also studied Bcl-2 family members, well known regulators of apoptosis involved 
in regulation of intracellular calcium homeostasis3. Most interesting was a 
potential link between Bcl-2 family proteins and a calcium induced calcium 
release (CICR) from the intracellular stores. Inhibition of antiapoptotic pro-
teins induced calcium release from the ER that lead to the formation of calcium 
plateau while inhibition of either IP3Rs or RyRs reduced but did not abolish cal-
cium release. Further, we have shown that loss of Bcl-2 protein decreases CICR 
while increasing resting ER calcium concentration.
1.  Baumgartner HK, Gerasimenko JV, Thorne C, Ferdek P, Pozzan T, Tepikin 

AV, Petersen OH, Sutton R, Watson AJ, Gerasimenko OV. (2009) Journal of 
Biological Chemistry 284(31): 20796-803.

2.  Gerasimenko O, Gerasimenko J. (2010) Methods in Molecular Biology 591: 
201-10.

3.  Gerasimenko J, Ferdek P, Fischer L, Gukovskaya AS, Pandol SJ. (2010) Pflügers 
Archiv European Journal of Physiology 460(5): 891-900.
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PHENOTYPIC CHANGES IN CA2+ SIGNALING CHARACTERISTICS 
DURING ACTIVATION OF PANCREATIC STELLATE CELLS 

Jong Hak Won, Yu Zhang, Craig D� Logsdon*, David I� Yule

University of Rochester Medical Center, Rochester, NY and *MD Anderson 
Cancer Center, Houston, TX, USA
Introduction: PSC undergo a phenotypic transformation from a quiescent 
state to a myofibroblast-like phenotype in culture. This is believed to parallel the 
induction of an activated state observed in pancreatic disease such as chronic 
pancreatitis and pancreatic cancer.
objectives: The specific characteristics of intracellular Ca2+ signaling and the 
down-stream consequences of these events were investigated in mouse pancre-
atic stellate cells (PSC) during activation. 
Methods: Experiments were performed following culture using digital imaging 
combined with local laser photolysis and in situ using multi-photon microscopy 
in pancreatic lobules.
results: By day 7 in culture, the complement of cell surface receptors coupled to 
intracellular Ca2+ signaling was shown to be markedly altered. Specifically, Pro-
tease Activated Receptors (PAR) 1 and 2, responsive to thrombin and trypsin 
respectively and PDGF receptors, were only expressed in activated PSC (aPSC). 
PAR-1, PDGF and purinergic receptor activation resulted in prominent nuclear 
Ca2+ signals. Nuclear Ca2+ signals and aPSC proliferation were abolished by 
expression of parvalbumin targeted to the nucleus. In pancreatic lobules, PSC 
responded to agonists consistent with the presence of only quiescent PSC. aPSC 
were only observed following induction of experimental pancreatitis. In con-
trast, in a mouse model of pancreatic disease, harboring elevated K-Ras activity 
in acinar cells, aPSC were present under control conditions and their number 
greatly increased following induction of pancreatitis. 
conclusions: These data are consistent with nuclear Ca2+ signaling generated by 
agents such as trypsin, thrombin, ATP and PDGF, likely present in the pancreas 
in disease states, resulting in proliferation of “primed” aPSC to contribute to the 
severity of pancreatic disease. 
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REGULATION OF CA2+-DEPENDENT TRANSCRIPTION FACTORS 
BY CA2+ MICRODOMAINS NEAR OPEN CRAC CHANNELS

Pulak Kar, Charmaine Nelson, Anant B� Parekh

Physiology Department, University of Oxford, Oxford, UK
Introduction: Ca2+-dependent transcription factors such as the NFAT family 
play a central role in the morphogenesis, development and physiological activi-
ties of numerous distinct cell types and organ systems. Aberrant regulation of 
these transcription factors has been linked with a range of human diseases.
objectives: Our aim was to identify how Ca2+ entry through CRAC channels 
activated specific Ca2+-dependent transcription factors and identify the kinetics 
of nuclear import and export. 
Materials and Methods: We have addressed this question by using a combina-
tion of GFP-tagged transcription factors, cytoplasmic Ca2+ imaging and molec-
ular biology.
results: We show that NFAT migration is exquisitely sensitive to Ca2+ microdo-
mains near open CRAC channels. Other Ca2+-permeable ion channels are inef-
fective in driving NFAT1 to the nucleus. NFAT1 movement is temporally dis-
sociated from the time course of the Ca2+ signal and remains within the nucleus 
for 10-times longer than the duration of the trigger Ca2+ signal. Kinetic analy-
ses of each step linking CRAC channel activation to NFAT1 nuclear residency 
reveals that the rate-limiting step is transcription factor exit from the nucleus. 
conclusion: The slow deactivation of NFAT provides a mechanism whereby 
Ca2+-dependent responses can be sustained despite the termination of the initial 
Ca2+ signal and helps explain how gene expression in non-excitable cells can 
continue after the primary stimulus has been removed.
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THE INHIBITORY EFFECTS OF TRYPSIN ON PANCREATIC DUCTAL 
SECRETION: A VICIOUS CYCLE

Péter Hegyi1, Petra Pallagi1, Viktória Venglovecz2, Katalin Borka3,  
Béla Ózsvári1, Linda Judák1, Miklós Sahin-Tóth4, Andrea Geisz1, 4, József 
Maléth1, Tamás Takács1, Mike A� Gray5, Barry E� Argent5, Zoltán Rakonczay1

1 First Dept. of Medicine and 2Department of Pharmacology, Univ. of Szeged, 
Szeged, Hungary, 3 2nd Dept. of Pathology, Semmelweis Univ., Budapest, Hun-
gary, 4 Dept. of Molecular and Cell Biology, Henry M. Goldman School of Den-
tal Medicine, Boston Univ., Boston, MA, USA, 5 Institute for Cell & Molecular 
Biosciences, Newcastle University, Newcastle upon Tyne, UK.
Background & aims: The effects of trypsin on pancreatic ductal epithelial cells 
(PDEC) are dependent on species and proteinase-activated receptor-2 (PAR-2) 
localization. Since the guinea pig PDEC mimics human pancreatic bicarbonate 
secretion, we compared PAR-2 localization in guinea pig and human PDEC and 
used isolated guinea pig ducts to study the effects of trypsin and a PAR-2 agonist 
on bicarbonate secretion. 
Methods: PAR-2 localization was investigated by immunohistochemistry in the 
guinea pig pancreas and in human pancreatic tissue samples (n=47) surgically 
resected from subjects suffering from either acute, chronic or hereditary pan-
creatitis. Guinea pig PDEC function was studied by microperfusion of isolated 
ducts, intracellular pH (pHi) and Ca2+ concentration [Ca2+]i measurements, and 
patch clamping. The effect of pH on trypsinogen autoactivation was assessed 
using recombinant human cationic trypsinogen. 
results: PAR-2 was localized to the apical membrane of PDEC both in the 
human and in the guinea pig pancreas. Trypsin induced elevations of [Ca2+]i and 
pHi, and inhibited bicarbonate secretion by the luminal anion exchanger and 
the cystic fibrosis transmembrane conductance regulator Cl- channel (CFTR). 
We also showed that autoactivation of human cationic trypsinogen is acceler-
ated by decreasing the pH from 8.5 to 7.0. Finally, we demonstrated that PAR-2 
expression is strongly down-regulated in the ducts of patients suffering from 
chronic and acute pancreatitis, consistent with elevated intraductal trypsin 
activity in these diseases. 
conclusions: Trypsin compromises pancreatic ductal bicarbonate secretion via 
a PAR-2 dependent inhibition of the apical anion exchanger and CFTR. This 
may contribute to the development of pancreatitis through promoting prema-
ture trypsinogen activation in the pancreatic ducts. 
Supported by OTKA, MTA and National Development Agency.
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VAMP8 IS ESSENTIAL FOR COMPOUND EXOCYTOSIS

Peter Thorn

School of Biomedical Sciences, University of Queensland, Brisbane, Australia
The regulation of enzyme secretion has to be tightly regulated to prevent inap-
propriate release of enzymes into the body which is one of the characteristics of 
acute pancreatitis.  Here we determine the importance of a protein, VAMP8, in 
secretory control.
Digestive enzymes are contained within zymogen granules. When cells are 
stimulated granules fuse with the cell membrane and release their enzymes 
into the pancreatic duct. Zymogen granules can also fuse with each other in a 
process called compound exocytosis. We understand little about the regulation 
of compound exocytosis but recent work has suggested involvement of vesicle 
associated membrane protein 8 (VAMP8).
VAMP8 is a soluble NSF attachment protein receptor (SNARE) found on intra-
cellular membranes and suggested as important for exocytosis in exocrine and 
blood cells. Previous work has shown that either inhibiting VAMP8 function 
or in VAMP8-/- knockout mice, there is a reduction in secretion and a reduc-
tion in granule-granule fusion observed with electron microscopy. This work 
predicts that in VAMP8-/- knockout mice deficits should be seen in the extent 
and/or kinetics of single granule fusion. Here we have tested this prediction 
using a new assay that identifies both primary fusion events (fusion with the cell 
membrane) and secondary fusion events (granule-granule fusion) during com-
pound exocytosis. Our data show that fusion events in pancreatic acinar cells of 
VAMP8-/- knockout animals have a reduction both in the extent and the kinet-
ics of secondary granule fusion with little effect on primary granule fusion.
We conclude VAMP8 is essential for compound exocytosis.

48



Session IX� Pancreatic ducts and luminal pH, Sunday, 13�15-15�10
Lecture 31

IRBIT, WNKS AND HCO3
- SECRETION

Shmuel Muallem

Epithelial Signaling and Transport Section, Molecular Physiology and Thera-
peutics Branch, NIDCR, NIH, Bethesda, MD, 20892, USA
HCO3

- secretion is a key function of secretory epithelia and involves HCO3
- 

entry at the basolateral membrane and exit across the luminal membrane. In 
most epithelia the bulk of HCO3

- entry is mediated by the Na+-HCO3
- co-trans-

porter NBCe1-B and HCO3
- exit is mediated by the combined and regulated 

action of CFTR and members of the SLC26 transporters. How HCO3
- entry and 

exit are coordinated to ensure the fidelity of the secretory process is not know. 
Our recent work show that the IP3 Receptor-binding Protein Released with IP3 
(IRBIT) plays a prominent role in regulating and coordinating the stimulated 
state, while the WNK and SPAK kinases stabilize and coordinate the resting 
state. This talk will describe the roles of IRBIT and the WNK/SPAK kinases in 
HCO3

- secretion by secretory glands ductals.
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BICARBONATE PERMEABILITY OF CFTR AND ANO ANION 
CHANNELS

Hyun Woo Park, Joo Hyun Nam, Jinsei Jung, Min Goo Lee

Department of Pharmacology, Yonsei University College of Medicine, Seoul 
120-752, Korea 
In humans and many animals, pancreatic duct cells secrete bicarbonate-rich 
fluid. The bicarbonate secreted from pancreatic duct cells neutralizes gastric 
acid and provides an optimum pH environment for digestive enzymes in the 
duodenum. Moreover, bicarbonate is important for the solubilization of mac-
romolecules to prevent the aggregation of digestive enzymes and mucins in the 
duct lumen. Recently, we found that activation of WNK1-OSR1/SPAK signaling 
by low intracellular chloride strongly increases CFTR bicarbonate permeability 
in pancreatic duct cells, making CFTR primarily a bicarbonate channel, which 
is essential for the secretion of pancreatic juice containing bicarbonate at a con-
centration greater than 140 mM. In addition to CFTR, Ca2+-activated chloride 
channels (CaCCs) are present in the luminal membrane of pancreatic acinar 
and duct cells. The role of CaCC in pancreatic bicarbonate secretion is unclear, 
though it was once suggested that CaCC may replace the role of CFTR in bicar-
bonate secretion in human pancreatic duct cells. Recently, it has been identified 
that ANO1/TMEM16A is responsible for CaCC activity at molecular level. In 
the present study, we evaluated the bicarbonate permeability of ANO1 in vari-
ous conditions to investigate whether CaCC contributes bicarbonate secretion 
in exocrine epithelia. Interestingly, bicarbonate permeability of ANO1 also can 
be varied dynamically at certain conditions and affected by intracellular calcium 
levels. The potential physiological role of this finding will be discussed.
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ROLE OF PURINERGIC SIGNALLING IN PANCREAS

Ivana Novak, Kristian A� Haanes, Jing Wang, Mikio Hayashi

Section of Molecular Integrative Physiology, Department of Biology, University 
of Copenhagen, Denmark
ATP and other nucleotides/sides have now been recognized as important extra-
cellular signalling molecules in many biological systems. Our studies aim to 
understand the role of purinergic signalling in communication between various 
cells within exocrine organs, e.g. pancreatic acini and ducts. For this purpose we 
use rat and mouse cells/tissues and human duct cell lines, and we apply bioim-
aging, electrophysiology and other methods.
In recent studies we focused on determining ATP store and release/uptake 
mechanisms. Bioimaging experiments with markers of ATP stores indicated 
that ATP is most prominent in secretory granules of acini. The newest studies 
on pancreatic zymogen granules show that ATP is taken up by a novel trans-
porter, the vesicular nucleotide transporter (1). Similar acinar storage may also 
exist in other exocrine glands, such as salivary and lacrimal glands. Physiologi-
cal stimuli and other stimuli, lead to ATP release, and also to release of ectonu-
cleotidases. Thus, the down-stream pancreatic ducts are exposed to ATP and 
adenosine. Pancreatic ducts possess various types of purinergic P2 and adenos-
ine receptors, which can regulate both anion and cation transport in pancreatic 
ducts. One of the most controversial receptors, the P2X7 receptor, also regulates 
secretion of exocrine glands, as shown in our recent studies on P2X7 knock-
out animals (2). Taken together, our studies show that the purinergic signalling 
plays a physiological role in regulation of pancreatic exocrine function. 

1. Haanes KA and Novak I (2010) Biochem. J. 429: 303-311
2. Novak I et al. (2010) J. Physiol. 588.18:3615-3627
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EVIDENCE FOR ELECTROLYTE TRANSPORT OF TWO 
DIMENSIONAL HUMAN SUBMANDIBULAR GLAND –  
A SMALL STEP TOWARDS SALIVARY TISSUE ENGINEERING

O� Hegyesi, A� Földes, E� Bori, Z� Borbély, M�C� Steward*, G� Varga

Department of Oral Biology, Semmelweis University, Budapest, Hungary 
*Faculty of Life Sciences, University of Manchester, Manchester
Functional reconstruction of lost tissue in cancer-demanded radiotherapy or 
Sjogren’s syndrome by regenerative therapy of salivary glands is a promising 
field. Our purpose was to prepare primary cultures of human submandibu-
lar gland and to provide optimal conditions for polarized secretory epithelial 
monolayers. Cell cultures were prepared from dissected human submandibular 
glands as we described as we described (Tissue Eng:14:1915-26,2008). Transepi-
thelial anion transport was estimated by short circuit current (Isc) measurements 
in Ussing chamber. Monolayers in HepatoStim medium achieved transepithe-
lial electrolyte movement as shown by Isc. These currents were substantially 
inhibited either by basolateral Cl- and bicarbonate withdrawal indicating the 
involvement of basolateral-to-apical anion transport, or by the blockade of api-
cal eNaC by amiloride, indicating the involvement of apical-to-basolateral Na+ 
transport. An almost complete inhibition was observed to simultaneous eNaC 
block and withdrawal of the two anions. Isc was accelerated by either apical ATP 
or basolateral carbachol application but not by forskolin, indicating the regula-
tory role of Ca2+-activated, but not cAMP-activated regulatory pathways in elec-
trolyte secretion. Inhibition of basolateral NKCC1 by bumetanide reduced the 
response to ATP indicating the active involvement of this transporter as well. In 
conclusion, we successfully set a human salivary secretion model, which shows 
mixed acinar/ductal phenotype. Our model may help to establish the basis for 
future pharmacological or gene therapeutic interventions to correct salivary 
gland dysfunction.
Acknowledgement: This work was supported by OTKA CK80928 and TÁMOP-
4.2.1/B-09/1/KMR-2010-0001
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ALTERING SIALADENITIS BY LOCAL GENE THERAPY

Jay Chiorini

Molecular Physiology and Therapeutics Branch, National Institute of Dental 
and Craniofacial Research, US National Institutes of Health (NIH), Bethesda, 
Maryland, USA
Sjögren’s syndrome (SS) is a complex autoimmune disorder characterized by 
mononuclear infiltration of the exocrine glands. There is an increased interest 
in the use of immunomodulatory protein therapy to target inflammatory com-
ponents thought to be important in SS. However, the combination of side effects 
from systemic immunomodulatory treatment and the poor understanding of 
the etiology of SS has made this approach difficult. One alternative approach is 
developing localized expression via gene therapy in the salivary glands. Genes 
encoding cytokines or cDNAs encoding soluble forms of a key cytokine recep-
tor can be introduced directly into the salivary glands, and likely alter immune 
responses locally but not systemically.  By testing molecules from several differ-
ent key pathways we have begun to identify key points for immunomodulation 
that will be beneficial in developing new therapies for patients.
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CHARACTERISTICS OF PANCREATIC AND BILIARY FLUID IN 
CYSTIC FIBROSIS PIGS 

Aliye Uc, David A� Stoltz, Paula Ludwig, Alejandro Pezzulo, Michelle Griffin, 
Marwa Abu-El-Haija, Maisam Abu-El-Haija, David K� Meyerholz, Peter Taft, 
Michael J� Welsh

Department of Pediatrics, University of Iowa, Iowa City, IA, USA
Background: The hallmark feature of pancreatic disease in cystic fibrosis (CF) is the 
production of viscous, low-volume and acidic fluid. Because pancreatic function studies 
in humans are done by sampling the fluid in the jejunum and the pancreatic duct con-
verges with the common bile duct (CBD) shortly before opening at the duodenum, it 
is not known whether pancreatic or biliary secretions are equally affected in CF. With a 
pancreatic histopathology similar to humans with CF and separate CBD and pancreatic 
duct openings into the intestine, the pig model offers a unique opportunity to examine 
pancreatic and biliary fluids separately. 
hypothesis: Pancreatic and biliary fluid secretion differ in CF and wild type (WT) 
pigs. 
Methods: After the animal was anesthetized with inhaled isofluorane, a laparotomy was 
done. Sutures were tied tightly around the duodenum distal to the pylorus and another 
suture was placed 1 cm distal to the pylorus to collect bile. A suture was tied 1 cm distal 
to the pancreatic duct to collect the pancreatic fluid. Four WT, 3 cystic fibrosis trans-
membrane conductance regulator (CFTR)–/–, and 2 CFTRΔF508/ ΔF508 newborn pigs were 
studied shortly after birth. Bile was also sampled from the gallbladder. Fluids were col-
lected at baseline and 30 min after secretin (0.2 µg/kg IV, ChiRhoClin Inc). pH, volume 
and protein concentrations were measured. 
results: Pancreatic fluid volume was 75+29 µl, pH was 8.4+0.1 at baseline and 302.5+17 
µl and 9.5+0 after secretin in WT pigs. CF pig pancreatic fluid volume was 1.25+0.2 µl, 
pH was 5.7+0.1 at baseline and 2.25+0.2 µl and 5.4+0.1 after secretin (p<0.001 for vol-
ume and pH in WT vs. CF pigs). Bile volume was 60.5+12 µl, pH was 8.7+0.1 at baseline; 
120+8.9 µl and 8.7+0.1 after secretin in WT pigs. Bile volume was 38+18 µl in CF pigs 
at baseline and 30+12 µl after secretin; bile pH was 8.2+0.05 and did not change after 
secretin. Bile volume and pH were not different between WT and CF pigs. Gallbladder 
bile pH was 8+0 in WT pigs and 7.4+0.4 in CF pigs (p=ns). Protein concentration in 
the WT pancreatic fluid was an average of 4.2 mg/ml after secretin vs. 35.1 mg/ml in CF 
pigs (n=2). Bile protein concentration was an average of 8.6 mg/ml in WT pigs vs. 16.4 
mg/ml in CF pigs after secretin (n=2). 
conclusion: Pancreatic fluid was acidic, low in volume and high in protein in CF pigs. 
Bile volume and pH were not significantly different between WT and CF pigs, but bile 
volume did not increase after secretin in CF pigs. The differences between the pancre-
atic and biliary secretion may have important implications in the pancreaticobiliary 
disease pathogenesis in CF.
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COMPARATIVE EFFECTS OF CAFFEINE METABOLITES ON IP3R 
INHIBITION AND CAERULEIN-INDUCED ACUTE PANCREATITIS

M�C� Cane1, W� Huang1,2, A�V� Tepikin1, R� Sutton2, D�N� Criddle1

1Department of Cellular and Molecular Physiology, Institute of Translational 
Medicine, University of Liverpool, UK. 2Liverpool NIHR Pancreas Biomedical 
Research Unit, Royal Liverpool University Hospital, UK.
Introduction: Sustained elevations of cytosolic Ca2+ from non-oxidative etha-
nol metabolites, bile acids, and supra-physiological concentrations of CCK have 
been shown to cause acinar cell damage associated with the onset of acute pan-
creatitis (AP). Caffeine inhibits Ca2+ elevations induced by these precipitants of 
AP and has subsequently been shown to ameliorate caerulein-induced AP in 
vivo, possibly via inhibition of the inositol 1,4,5 -trisphosphate receptor (IP3R). 
objectives: We aimed to determine IP3R inhibition by methylxanthines dis-
tinct from any inhibition of IP3 production, using caged, cell permeable IP3. We 
extended this investigation by determining the relative amelioration of AP by 
these compounds. 
Methods: Confocal microscopy was used to measure Ca2+ release (Fluo-4) 
induced by uncaging of pre-loaded ci-IP3-PM (SiChem) within isolated murine 
pancreatic acinar cells. AP was induced by seven hourly intraperitoneal injec-
tions of caerulein. Xanthines were administered hourly for seven hours from the 
third caerulein injection and effects assessed by standard assays at 24 hours.
results: Caffeine, theophylline and paraxanthine (5 mM) inhibited uncaged 
IP3-mediated signals by 92.9% ±3.3, 90.3% ±1.4 and 72.1%±4.6 respectively. 
Caffeine significantly ameliorated pancreatitis in a dose-dependent manner; 
serum amylase was reduced from 46.3±4.7 U/L to 30.9±4.4 and 26.2±3.1 U/L at 
10 and 25 mg kg-1 respectively (p<0.05). Conversely, neither paraxanthine nor 
theophylline at the same doses significantly ameliorated pancreatitis.
conclusion: All three xanthines markedly inhibited IP3R-mediated Ca2+ release, 
whereas neither theophylline nor paraxanthine significantly ameliorated pan-
creatitis in vivo, indicating a possible alternative mechanism by which caffeine 
ameliorates caerulein-induced AP. 
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AN AGED MOUSE MODEL OF ACUTE PANCREATITIS 

Daiki Okamura, Jun Ienaga, Marlene E� Starr, Hitoshi Takahashi, B� Mark Evers, 
Hiroshi Saito

Department of Surgery and Markey Cancer Center, University of Kentucky, 
Lexington, KY 40536, USA
Introduction: The incidence and severity of acute pancreatitis (AP) are elevated 
in the elderly population; however, the underlying mechanisms for this impor-
tant issue remain largely unknown. 
objectives: The objectives of this study were to establish an animal model of AP, 
which displays age-associated vulnerability, and to utilize this model to examine 
the mechanisms for increased morbidity and mortality. 
Materials and Methods: Young adult (4-month-old) and aged (24-month-old) 
C57BL/6 mice were sacrificed at multiple time points after induction of AP by 
sequential hourly intra-peritoneal injections with caerulein (50-mg/kg, 9 times). 
Tissue injury in the pancreas and other organs was evaluated by histological 
analysis and plasma protein analysis. Activation of the mitogen-activated pro-
tein kinase (MAPK) pathways was assessed by phosphorylation status of ERK, 
p38 and JNK. 
results: (1) While no mortality was noted in young mice, approximately 10% of 
the aged mice died during AP. (2) While both young and aged mice showed pan-
creatic edema early on, only aged mice showed sustained severe edema, acinar 
cell necrosis, and elevated amylase levels 24h later (p<0.01). (3) Approximately 
50% of the aged mice showed severe lung and kidney injury accompanied by 
significantly elevated thrombosis and plasma creatinine levels (p<0.05). (4) 
Phosphorylation of ERK and JNK was significantly increased in age-dependent 
manners during AP. 
conclusions: This is the first animal study demonstrating that, similar to 
human, the aged with AP exhibits increased mortality and prolonged inflam-
mation with extra-pancreatic organ injuries. This model is useful to investigate 
the underlying molecular mechanisms for age-associated severity of AP. 
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GENETIC STUDIES IN PANCREATITIS: DESIGN, DATA 
INTERPRETATION AND LESSONS WE LEARNED (OR NOT)

Heiko Witt

Dept. of Paediatrics & Else Kröner-Fresenius-Zentrum (EKFZ), Technische 
Universität München (TUM), Munich, Germany
Although risk factors have been identified such as pancreas divisum, gallstones 
or alcohol abuse, the precise aetiology of pancreatitis remain largely enigmatic. 
In addition, there is a wide variation between individuals in their susceptibility 
to alcohol and only a minority of heavy drinkers develops pancreatitis. In the 
same line, the majority of subjects with pancreatic anomalies or gallstones don’t 
develop pancreatitis. One may suspect that genetic factors are of importance in 
the pathogenesis of different types of pancreatitis.
In the last 15 years, genetic studies on hereditary and idiopathic pancreatitis sig-
nificantly gained our knowledge about pancreatic inflammation. These entities 
might serve as model for commoner subtypes such as alcoholic pancreatitis as 
well as for acute pancreatitis in general. E.g. trypsin inhibitor SPINK1 represents 
a risk factor for hereditary/idiopathic pancreatitis as well as for alcoholic disease 
and for acute pancreatitis of different aetiologies.
Dozens of candidate genes have been explored in acute and chronic pancreatitis, 
trying to evaluate the role of specific genes or variants on disease development 
or on the course of the disease e.g. mild vs. severe acute pancreatitis. However, 
in most cases conflicting results were obtained.
Spurious results are very common in genetic epidemiology and give the field 
a bad name. To avoid this, 3 issues should be considered in association stud-
ies: Replication of results obtained in at least one independent cohort, biologi-
cal plausibility, and functional data. Whereas the last two points might be not 
always a prerequisite, replication of positive results is mandatory for any asso-
ciation study.
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GENETIC ASPECTS OF PANCREATITIS

Jonathan Cohn

Departments of Medicine and Cell Biology, Duke Univ. Medical Center, 
 Durham, NC, USA 
Introduction: Non-alcoholic chronic pancreatitis is commonly associated 
with cystic fibrosis gene (CFTR) mutations. Objectives:  This study examined 
whether pancreatitis risk correlates with having one or two CFTR mutations, 
abnormal epithelial ion transport, or mutations of other genes.
Methods: We tested 39 patients with idiopathic chronic pancreatitis (ICP) for 
common mutations of CFTR and of genes encoding a trypsin inhibitor (PSTI) 
and trypsinogen (PRSS1). Twenty subjects were tested for rare mutations and 14 
were tested for extra-pancreatic CFTR function. 
results:  Mutations were identified in 24/39 subjects. Nine had cystic fibrosis-
causing mutations detectable by carrier screening; eight of these had an addi-
tional mild-variable mutation. Eight others had only mild-variable mutations. 
Nine subjects had the N34S PSTI mutation and one had hereditary pancreatitis 
(R122H, PRSS1). Pancreatitis risk was increased 40-fold* by having two CFTR 
mutations, 20-fold* by having N34S (P<0.0001), and 900-fold* by having both 
(* designates P<0.0001). ICP patients with two CFTR mutations had residual 
CFTR function between that seen in cystic fibrosis and in carriers based on 
both nasal epithelial ion transport measurements and on clinical findings. By 
contrast, ICP patients with only PSTI mutations had normal CFTR function.
conclusions:  CFTR-related pancreatitis risk correlates with having two CFTR 
mutations and reduced extra-pancreatic CFTR function.  The N34S PSTI muta-
tion increased risk separately. The additive impact of CFTR and PSTI mutations 
on pancreatitis risk agrees well with prior data showing that CFTR is mainly 
expressed in pancreatic ducts while PSTI is mainly expressed in acini.
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GENETICS OF ACUTE PANCREATITIS

Jonas Rosendahl

Department for Internal Medicine, University of Leipzig, Leipzig, Germany
Acute pancreatitis is an inflammatory disorder of the pancreas with either a mild 
or a severe disease course that can be accompanied by life threatening events. 
Definition of a severe disease course is not uniform. Aside gallstones, alcohol 
abuse is a common aetiological factor. However, in many patients no underly-
ing cause can be found or in some patients rare aetiologies are identified. Like 
in chronic pancreatitis research focused on genetic factors that might contribute 
to disease susceptibility in the last years. Albeit several studies were conducted, 
contrary to chronic pancreatitis, so far only a firm association to SPINK1 vari-
ant p.N34S has been described that was replicated in different cohorts. Many 
studies confirmed or refuted associations with variants in several genes com-
plicating data interpretation for the reader. For instance, TLR4 represents an 
interesting candidate gene that seems to influence the course of experimental 
acute pancreatitis. In the last years studies were performed to elucidate the role 
of TLR4 variants in acute pancreatitis with conflicting results in groups of dif-
ferent ethnicities. To clarify the issue one study investigated a relatively large 
cohort of in total 521 patients and found no association. The aforementioned 
explains the two major problems that arise when predisposing genetic factors 
for acute pancreatitis shall be identified. First, for sufficient genetic studies large 
enough sample sizes and replication cohorts have to be investigated. Second, the 
definition of disease severity for such studies is in some ways subjective making 
it difficult to correlate genetic findings with different disease courses.
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ENDOSCOPIC TECHNIQUES IN TREATMENT OF ACUTE 
DESTRUCTIVE PANCREATITTIS COMPLICATIONS

V�I� Rusin, A�A� Boldizhar, A�V� Martyashov

Uzhgorod National University, Department of Surgical Diseases, Uzhgorod, 
Ukraine
Background: Pancreatic pseudocysts are the most frequent and serious compli-
cation of the destructive forms of the acute pancreatitis, which occur in 50-92% 
of cases.
purpose: To give clinical evaluation of the endoscopic internal drainage tech-
niques effectiveness in case of pancreatic pseudocysts.
Materials and methods: In the surgical clinic of the Transcarpathian Regional 
Clinical Hospital we performed 113 endoscopic interventions in patients with 
the pancreatic pseudocysts. 
The pseudocysts transpapillar endoscopic retrograde drainage technique 
was performed in 27 cases, endoscopic cystogastrostomy – in 54, endoscopic 
cystoduodenostomy – in 25. In 7 cases of the multiple pancreas head pseudo-
cysts transpapillar endoscopic retrograde drainage was combined with endo-
scopic cystoduodenostomy.
results: Сomplete regression of the pseudocysts was obtained in 83 patients 
(in 23 patients after endoscopic retrograde transpapillar drainage, in 32 after 
endoscopic cystogastrostomy, in 21 – after endoscopic cystoduodenostomy, and 
in all patients after combined endoscopic cystoduodenostomy and transpapillar 
endoscopic retrograde drainage).
In eight patients we identified pseudocysts suppuration signs. In these cases 
nasocystodrainage was performed by “Zimmon” 12F catheter, which gave 
us opportunity of the bacteriolocical monitoring and sanation control. In 46 
patients the pseudocysts drainage to the stomach was carried out by usage of 
“pigtail”catheter-type 7F size.
Pseudocysts relapse was observed in 2 patients after transpapillar retrograde 
drainage and in 6 patients after endoscopic cystogastrostomy.
Conclusions:
1.  Endoscopic internal drainage of pancreatic pseudocysts is a logical effective 

alternative to open surgery.
2.  Full regression of the disease as a result of the endoscopic internal drainage 

can be attained in more than 90% of the cases.
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SUBSTANTIATION OF SURGICAL APPROACH IN ACUTE 
NONBILIARY INFECTED NECROTIZING PANCREATITIS

P� G� Kondratenko, M� V� Konkova

M. Gorky Donetsk National Medical University, Ukraine
The results of surgical treatment of 191 patients, aged from 18 to 82, with acute 
nonbiliary infected necrotizing pancreatitis have been analyzed. 56 (29.3%) 
patients were operated on for peritonitis, 87 (45.5%) patients were operated 
on for pancreas and/or omental bursa abscess, 41 (21.5%) ones were operated 
on for retroperitoneal fat phlegmon, 7 (3.7%) patients were operated on for 
pancreas and/or omental bursa abscess in combination with retroperitoneal 
fat phlegmon. In the first group 79 patients were underwent treatment includ-
ing laparotomy. The second group contained 112 patients who underwent a 
course of treatment in the clinic from 2006 to 2009. Puncture drainage interven-
tions under ultrasound control were performed in 67% of patients, lumbotomy, 
necrsequestrectomy, retroperitoneal fat drainage was performed in 11.6% of 
patients, the combination of the surgical interventions mentioned above was 
performed in 11.6% of patients and laparotomy in combination with minimal 
invasive operations under ultrasound control and lumbotomy was performed 
in 9.8% of patients. Non-usage of cavitary surgical interventions in pancreas 
and/or omental bursa abscess and retroperitoneal fat phlegmon and also early 
laparotomy in enzymatic peritonitis against the background of acute aseptic 
necrotizing pancreatitis, along with wide application of minimal invasive opera-
tions under ultrasound guidance, and direct surgical interventions in pancreas 
from minimum approaches (extraperitoneal approach) in retroperitoneal fat 
phlegmon and localized infected necrotizing parenchyma of pancreas and/or 
retroperitoneal fat (sequestrum) allowed to reduce postoperative lethality from 
25.3 to 10.7%.
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ACUTE PANCREATITIS: CONCEPTUAL PROBLEMS OF 
DIAGNOSTICS AND TACTICS OF TREATMENT

P� G� Kondratenko, M� V� Konkova

M. Gorky Donetsk National Medical University, Ukraine
From 1979-2008 yr. 5421 patients at ages of 18-89 with acute pancreatitis were 
treated. Most of the patients (73.4%) were admitted one day later from the onset 
of the disease. The most frequent causes of the disease were alcoholic excess 
or its surrogates (47.3%) and excessive food intake mainly fat one (25.2%). 
Mild pancreatitis was observed in 4710 (86.9%) patients, heavy pancreatitis – 
in 630 (11.6%), severe – in 81(1.5%) patients. Acute edematous pancreatitis 
was marked in 4613 (85.1%) patients, necrotic pancreatitis – in 808 (14.9%). 
Piecemeal pancreonecrosis was detected in 127 (15.7%) patients, large-focal – 
in 575(71.2%), and subtotal-total in 106 (13.1%) patients. 749 (13.8%) patients 
were operated on, 4672 (86.2%) were treated conservatively. In the process of 
treatment the diagnostic algorithm in acute pancreatitis was developed, the use 
of sonographic monitoring for the control of the disease and the efficacy of the 
medical measures was proved. The indications for the operation and their terms 
were worked out as well as the choice of the way and volume of surgical inter-
vention depended on the form and the phase of the course of the disease, that 
allowed to decrease total lethality to 2.3%, the lethality among not operated 
patients to 1.9%, postoperative lethality to 4.9%: in billiary pancreatitis to 0.8%, 
non-billiary to 7.3%.
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ACTIVATION INDUCED APOPTOSIS OF POLYMORPHONUCLEAR 
LEUKOCYTES CONTRIBUTES TO THE IMMUNE-PARALYTIC STATE 
IN THE LATE COURSE OF HUMAN ACUTE PANCREATITIS

Géza Telek1, Tamás Sztipics1, György Saftics1, János Fent2, György Keleti1

1 Department of Surgery, St. István and St. László Hospital, Budapest, Hungary; 
2  Department of Pathophysiology, Institute of Health Protection, HDF, Budapest, 

Hungary

The late course of severe acute pancreatitis (AP) is characterized by septic complica-
tions in parallel with the development of compensatory systemic anti-inflammatory 
response syndrome (CARS), leading to immune deactivation. Impaired monocyte-
macrophage function (decreased HLA-DR expression, antigen presenting- and 
phagocytosis activity), and increased polymorphonuclear (PMN) leukocyte activa-
tion induced cell death (AICD; oxygen free radical induced atypical apoptosis) can 
be suspected. We investigated leukocyte function and fate in healthy subjects and 
patients suffering from edematous or severe AP.

MethoDs: PMN apoptosis (Annexin-V-FITC method) was evaluated by micro-
scopy and flow cytometry in the early (1-3 days), middle (6-8 days) and late (12-14 
days) phases of AP, and in controls. AICD associated mitochondrial function and 
intracellular oxidative stress were evaluated in PMNs by cerium-capture free radical 
cytochemistry and JC-1 staining detected by confocal laser scanning microscopy.

results: AP samples displayed increased atypical PMN apoptosis (Annexin-V-
FITC positive PMNs; control: 7.54 ±2%, mild AP 42.62±11.3%, severe AP 
66.4±7.1%). This phenomenon may represent early “activation induced cell death” 
of PMN cells. Late apoptosis (or necrosis) was similarly increased in PMNs. As 
detected by confocal microscopy in AP samples, PMN cells showing AICD mor-
phology displayed extreme intracytoplasmic oxidative stress around mitochondria, 
as well as characteristic oxidative nuclear damage. The positive (focally distributed 
orange color) JC-1 staining was consistent with widespread mitochondrial damage 
in AP samples, whereas normal control PMN-s displayed negative (homogenous 
green) staining pattern. Therefore, the oxidative damage –resulting in PMN AICD- 
is most likely of mitochondrial origin.

conclusIon: Human AP is characterized by generalized, SIRS associated leuko-
cyte activation. The “burning-out” and AICD of PMN-s may serve as a pathoge-
netic factor in the evolving immuno-deficient state characterizing CARS in the late 
phase of the disease.
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A NOVEL TECHNIQUE FOR THE ASSESSMENT OF COAGULATION 
IN ACUTE PANCREATITIS

Sophie-Anne Welchman, Alexander Wilkins, Matthew Wilson,  
Adrian Copplestone, Mark Midwinter

Derriford Hospital, Plymouth, UK
Introduction: Local complications of acute pancreatitis (AP) are associated 
with the development of pancreatic necrosis. It has been postulated that necro-
sis is related to a disease-related coagulopathy. 
aim: To assess coagulation in AP using thromboelastometry (TE). 
Methods: 86 patients (serum amylase greater than 300U/L) were recruited 
within 6 hours of admission. Median age 62 years, male:female ratio 63:37. 
Venepuncture was performed at 0, 6, 12, 24 and 48 hours from admission. TE 
was performed on kaolin activated and heparinased samples using the TEG®5000 
system (Haemoscope UK). The reaction time (R-time) is the time taken from 
onset of reaction to fibrin formation. Maximum amplitude (MA) is used to 
assess clot quality. 
results: 13% of patients had APACHE scores predictive of severe disease. 9% 
developed severe disease according to the Atlanta classification. 62% had evi-
dence of prolonged coagulation according to R-time. There was a trend towards 
increased R-time across the time points assessed. No significant difference in 
MA was observed in patients over the time points measured or compared to 
normal range. No differences in TEG parameters were seen between patients 
with severe and uncomplicated disease or between heparinase and non-hepari-
nase samples.
conclusions: This is the first description of the use of TE in the assessment 
of coagulation in AP. Contrary to other publications; these data suggest that 
patients with AP are not procoagulant but in fact have impaired coagulation 
that is not attributable to heparin therapy. The clinical significance of this is 
unknown and requires further research.
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TREATMENT OF SEVERE ACUTE HYPERTRIGLYCERIDEMIC 
PANCREATITIS WITH CONTINUOUS INSULIN INFUSION

Nikolina Maric, Nikolina Tolj Karaula, Petar Pekic, Mirjana Cubrilo Turek, 
Marinko Marusic

Clinic of Internal Medicine, Clinical Hospital Sveti Duh, Zagreb, Croatia
Introduction: Specific therapy of hypertriglyceridemic (HTG) acute pancreati-
tis is still not standardized. Several therapeutic modalities have been proposed 
in the management of early phase of this type of pancreatitis such as insulin, 
heparin and apheresis but definitive guidelines considering this therapeutic 
options does not exist. 
objectives: To report two patients with HTG severe acute pancreatitis treated 
with continuous insulin infusion.
Materials and methods: The first patient was 35-year-old obese male with 
newly diagnosed diabetes mellitus and other was 60-year-old non-diabetic male 
with history of alcohol abuse. Initial triglyceride levels in first patient was 48.1 
mmol/l and in second 34.6 mmol/l. Both patients had severe acute pancreatitis 
with pancreatic necrosis. Along with standard therapeutic measurements con-
tinuous infusion of 5% dextrose and insulin was administered. Initial dose of 
insulin was 6 IU/h and dose was corrected according to serial determinations 
of blood glucose with glycemic goal of 6.6-8.8 mmol/l. Triglyceride levels were 
assessed on admission, second and fourth day of therapy. Therapy lasted for 
four days.
results: Serum triglyceride values in both patients decreased bellow 4 mmol/l 
on second and fourth day of therapy. No complications of treatment were 
observed. Both patients completely recovered without early or late complica-
tions of disease. 
conclusion: Insulin reduces triglyceride level by enhancing lipoprotein lipase 
activity. Rapid decrease in triglyceride level is beneficial in patients with HTG 
pancreatitis. In two cases of severe HTG acute pancreatitis we had excellent 
results using insulin infusion. We found this therapy very efficient, safe, simple 
to administer and monitor.
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A NOVEL REGULATION OF CALCIUM SIGNALLING BY BCL-2 
FAMILY PROTEINS IN PANCREATIC ACINAR CELLS

Pawel Ferdek, Julia Gerasimenko, Ole Petersen, Oleg Gerasimenko

Cardiff School of Biosciences, Cardiff University, Cardiff, CF10 3AX, United 
Kingdom
Bcl-2 family proteins are present in mitochondria and regulate apoptotic cell 
death. They have also been detected in the ER, where their function in cellular 
calcium homeostasis is supported by growing evidence in the literature. How-
ever, the detailed role of Bcl-2 family proteins in calcium signalling is still not 
fully understood. Recently Bcl-2 binding to 1,4,5-triphosphate receptor (IP3R) 
has been demonstrated reducing IP3-dependent calcium release from the ER. 
Bcl-2 has also been found to interact with SERCA, which leads to the inhibition 
of Ca2+-ATPase activity. Here we have studied a role of Bcl-2 family proteins in 
the regulation of calcium homeostasis in mouse pancreatic acinar cells using 
Bcl-2 knockout mice and Bcl-2 inhibitors to disrupt the interaction between 
anti- and pro-apoptotic proteins. Bcl-2 inhibition causes cytosolic calcium pla-
teau formation in intact pancreatic acinar cells and increases the sensitivity of 
IP3Rs and RyRs to calcium. We have found that loss of Bcl-2 protein decreases 
the amplitude of thapsigargin-induced calcium responses with little effect on 
calcium release rate. We also found that overexpression of Bcl-2 decreases rest-
ing [Ca2+]ER while loss of Bcl-2 leads to elevated [Ca2+]ER. We postulate that Bcl-2 
family proteins are crucial for regulation of calcium signalling in pancreatic 
acinar cells.
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ROLE OF SIMPLE CLINICAL TESTS IN PREDICTING THE 
DEVELOPMENT OF SEVERE ACUTE PANCREATITIS

Floreta Kurti1, Jovan Basho1, I� Akshia2

1 Service of Gastrohepatology, UHC “Mother Theresa”, Tirana, Albania
2 Departments of Statistics, UHC “Mother Theresa”, Tirana, Albania
Introduction: Most of the patients with Acute Pancreatitis (AP) develop mild 
or edematous pancreatitis (75-85% of cases), with a mortality rate less than 1%; 
severe AP occurs in 15-25% of cases and has a mortality risk of 10-24%. 
A prediction of the course and outcome of the disease would be desirable when 
patients are first presented at the hospital. 
objective: Our objective was to determine the value of simple clinical tests such 
as WBC count, Htk and CRP in predicting the disease severity in AP. 
Materials & Methods: The study population consisted of 55 consecutive patients, 
41 males and 14 females. Mean age of patients was 45.74 years old Std+_ 13.05, 
(range 19-72). All the patients were diagnosed with AP with clinical, labora-
torical and imaging studies. 6 patients (10.9%) had severe acute pancreatitis 
according to Ranson score, and 49 patients (89.09%) suffered mild to moderate 
pancreatitis. CRP, Htk and WBC values were measured on admission, 3rd and 
7th day. We retrospectively analyzed the CRP, Htk and WBC values in the groups 
with mild AP and severe AP.
results: CRP, Htk value and WBC count significantly differ in groups of patients 
with mild acute pancreatitis and severe acute pancreatitis. Patients with severe 
acute pancreatitis had CRP values more than 150 mg/l, Htk more than 44% and 
WBC more than 18x103 /l.
conclusion: Simple routine clinical test (Htk, WBC count and CRP value) are 
helpful in predicting the development of severe acute pancreatitis. They are 
effective in predicting severity in acute pancreatitis and can be quickly assessed 
on admission.
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GLUCOCORTICOID THERAPY AND ACUTE PANCREATITIS

O� Sadr Azodi1, N� Orsini2, A� Wolk2, Å� Andrén-Sandberg1

1  Division of Surgery, Department of Clinical Science, Intervention and Tech-
nology, Karolinska Institute, Karolinska University Hospital in Huddinge, 
SE-141 86 Stockholm 

2  Division of Nutritional Epidemiology, The National Institute of Environmental 
Medicine, Karolinska Institute, SE-141 86 Stockholm, Sweden

context: Several case reports have indicated an association between gluco-
corticoid use and the risk of acute pancreatitis. However, no larger study has 
attempted to address this possible association. 
Design: It was prospectively followed 84 024 Swedish women and men, aged 
46-84, during 10 years to study the association between current oral glucocor-
ticoid use, the numbers of oral glucocorticoid treatments and current or previ-
ous inhalative glucocorticoid use and the risk of acute pancreatitis. In total, 513 
cases with acute pancreatitis were identified. We used Cox proportional hazards 
models to estimate rate ratios with 95 % confidence intervals (CI), adjusted for 
age, gender, educational level, smoking, diabetes, consumption of different alco-
holic beverages, average monthly alcohol consumption. 
results: We observed an 87% (RR = 1.87; 95 % CI: 1.12 to 3.12) increased risk of 
acute pancreatitis among those with current oral glucocorticoid use compared 
to non-users when adjusted for confounders. The associations were stronger in 
women resulting in 166% (RR = 2.66; 95 % CI: 1.31 to 5.40) increased risk of 
acute pancreatitis in current users of oral glucocorticoids and a 5-fold (RR = 
5.34; 95 % CI: 1.93 to 14.82) elevated risk among those with >3 previous cures of 
oral glucocorticoids compared to non-users. There was no convincing associa-
tion between any form of glucocorticoids use and the risk of acute pancreatitis 
in men. 
conclusion: Glucocorticoid therapy, mainly oral treatment seems to increase 
the risk of acute pancreatitis especially in women. The exact mechanism is 
unknown but gender-specific differences in adrenal function may be involved. 
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ABDOMINAL AND TOTAL ADIPOSITY AND THE RISK OF ACUTE 
PANCREATITIS – A POPULATION-BASED PROSPECTIVE COHORT 
STUDY

O� Sadr Azodi1, N� Orsini2, A� Wolk2, Å� Andrén-Sandberg1

1  Division of Surgery, Department of Clinical Science, Intervention and Tech-
nology, Karolinska Institute, Karolinska University Hospital in Huddinge, 
SE-141 86 Stockholm 

2  Division of Nutritional Epidemiology, The National Institute of Environmental 
Medicine, Karolinska Institute, SE-141 86 Stockholm, Sweden

context: Several studies have found an association between high body mass 
index (BMI), reflecting total adiposity, and the severity of acute pancreatitis. 
Yet, the association between abdominal and total adiposity as etiological factors 
for the development of acute pancreatitis is unknown. 
Design: It was prospectively followed 84 024 Swedish women and men, aged 
46-84, during 10 years to study the association between waist circumference as 
a measure of abdominal adiposity and BMI and the risk of acute pancreatitis. 
In total, 513 cases with acute pancreatitis were identified. We used Cox pro-
portional hazards models to estimate rate ratios with 95 % confidence inter-
vals (CI), adjusted for age, gender, educational level, smoking, diabetes, and the 
average monthly consumption of alcohol (grams). 
results: We observed a 3-fold (RR = 3.18; 95 % CI: 1.68 to 6.04) increased risk 
of acute pancreatitis among those with a waist circumference >100 cm as com-
pared to individuals with a waist circumference ≤80 cm when adjusted for con-
founders. This association attenuated slightly (RR =2.72; 95 % CI: 1.13 to 6.52) 
when excluding those with gallstone-related acute pancreatitis. The results did 
not differ between men and women. There was no association between total 
adiposity and the risk of acute pancreatitis. 
conclusion: The risk of acute pancreatitis is associated with abdominal but not 
total adiposity.
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CIGARET TE SMOKING AND ACUTE PANCREATITIS –  
A PROSPECTIVE POPULATION-BASED STUDY

O� Sadr Azodi1, N� Orsini2, A� Wolk2, Å� Andrén-Sandberg1

1  Division of Surgery, Department of Clinical Science, Intervention and Tech-
nology, Karolinska Institute, Karolinska University Hospital in Huddinge, 
SE-141 86 Stockholm 

2  Division of Nutritional Epidemiology, The National Institute of Environmental 
Medicine, Karolinska Institute, SE-141 86 Stockholm, Sweden

context: Cigarette smoking is known to induce pathological and functional 
changes in the pancreas. Yet, the effect of smoking on acute pancreatitis is not 
fully studied. 
Design: It was prospectively followed 84 024 Swedish women and men, aged 
46-84, during 10 years to study the association between cigarette smoking and 
smoking cessation and the risk of acute pancreatitis. In total, 513 cases with 
acute pancreatitis were identified. We used Cox proportional hazards models to 
estimate rate ratios with 95 % confidence intervals (CI), adjusted for age, gen-
der, educational level, diabetes, body mass index average and monthly alcohol 
consumption. 
results: Adjusted for confounders, we observed an 87 % (RR = 1.87; 95% CI: 
1.29 to 2.72) increased risk of acute pancreatitis among current smokers as com-
pared to never-smokers excluding gallstone-related pancreatitis. This risk was 
somewhat stronger (RR = 2.02; 95 % CI: 1.33 to 3.09) among current smokers 
with ≥20 pack-years of smoking as compared to never-smokers. Among those 
with a monthly consumption of >450 g of alcohol, the risk of acute pancreatitis 
was 3-fold increased among those with ≥20 pack-years of smoking irrespective 
of smoking status (RRformer=3.14; 95% CI: 1.36 to 7.25; RRcurrent=3.22; 9 5% CI: 
3.22; 95 % CI: 1.39 to7.45) as compared to never-smokers. More than 30 years 
of smoking cessation was required to reduce the risk of acute pancreatitis to the 
level comparable to never-smokers. There was no association between smoking 
and the risk of gallstone-related acute pancreatitis. 
conclusion: Smoking increases the risk of acute pancreatitis. Smoking cessa-
tion should be initiated as soon as possible in patient who had suffered from 
acute pancreatitis.
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ALCOHOL AND ACUTE PANCREAITIS – THE EFFECT OF THE TYPE 
OF BEVERAGE

O� Sadr Azodi1, N� Orsini2, A� Wolk2, Å� Andrén-Sandberg1

1  Division of Surgery, Department of Clinical Science, Intervention and Tech-
nology, Karolinska Institute, Karolinska University Hospital in Huddinge, 
SE-141 86 Stockholm 

2  Division of Nutritional Epidemiology, The National Institute of Environmental 
Medicine, Karolinska Institute, SE-141 86 Stockholm, Sweden

context: The effect of different alcoholic beverages and the drinking behavior 
on the risk of acute pancreatitis is rarely studied. 
Design: It was prospectively followed 84,024 Swedish women and men, aged 
46–84, during 10 years to study the association between the consumption of 
hard liquor, wine and beer and the risk of acute pancreatitis. In total, 513 cases 
with acute pancreatitis were identified. We used multivariable Cox proportional 
hazards models to estimate rate ratios with 95% confidence intervals (CI). 
results: We observed a dose-response association between the amount of hard 
liquor consumed at a single occasion and the risk of acute pancreatitis. After 
multivariable adjustments, there was a 52 % (RR = 1.52; 95 % CI: 1.12 to 2.06) 
increased risk of acute pancreatitis for every increment by 5 standard drinks of 
hard liquor consumed at a single occasion. The association attenuated slightly 
when excluding those with gallstone-related pancreatitis. We did not observe 
any association between the consumption of wine, beer, frequency of the alco-
holic beverage consumption including hard liquor or the average monthly con-
sumption of total alcohol (ethanol) and the risk of acute pancreatitis. 
conclusion: The risk of acute pancreatitis was associated with the amount of 
hard liquor consumed at a single occasion but not with wine or beer. 
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CATHEPSIN D REGULATES TRYPSIN ACTIVITY IN PANCREATIC 
ACINAR CELLS BY CONTROLLING CATHEPSIN B ACTIVITY

Ali Aghdassi, Matthias Sendler, Christian Storck, Frank-Ulrich Weiss, Thomas 
Wartmann2, Walter Halangk2, Julia Mayerle, Markus M� Lerch 

Department of Medicine A, Ernst-Moritz-Arndt University Greifswald, 2Divi-
sion of Experimental Surgery, University of Magdeburg, Germany
Introduction: Premature intracellular activation of trypsinogen is considered 
to be a key event in the pathogenesis of acute pancreatitis. Cathepsin B has been 
shown to be a trypsin activator while cathepsin L inactivates trypsin. We have 
characterized the role of the lysosomal aspartic protease cathepsin D in acute 
pancreatitis and trypsinogen activation. 
Materials and Methods: Isolated pancreatic acini from wild type animals and 
cathepsin D knock-out mice (Saftig P. et al. EMBO J. 1995 ; 14 : 3599 – 3608) 
were stimulated with supramaximal concentrations of caerulein. Trypsin and 
cathepsin B activity were measured using fluorogenic substrates. Purified 
enzymes were used to study direct activation of trypsinogen by cathepsins in 
vitro. Pancreatitis was induced in wild type and CTSD knock-out mice by serial 
caerulein injections and serum pancreatic enzymes, myeloperoxidase activity 
and histological damage were used to determine severity.
results: In vitro cathepsin D activated cathepsin B but not trypsinogen. In 
isolated pancreatic acini from knock-out animals the absence of cathepsin D 
resulted in a reduced cathepsin B activity and an according reduction in trypsin 
activity following supramaximal stimulation. However, cathepsin D deficient 
mice still developed pancreatitis with higher serum pancreatic enzymes activi-
ties and increased histological damage at 24 hours. 
conclusions: The aspartic protease cathepsin D is expressed in pancreatic acinar 
cells and critically involved in the activation cascade of intracellular zymogens. 
Its action on trypsinogen activation is mediated via the regulation of cathepsin 
B activity and unrelated to its effect on the severity of pancreatitis. 
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EARLY TRYPSIN ACTIVATION IS INDEPENDENT OF AUTOPHAGY 
IN CAERULEIN INDUCED PANCREATITIS IN MICE

S� Malla1, B� Krüger2, T� Wartmann3, M� Sendler1, F�U� Weiss1, F�S� Gorelick4,  
W� Halangk3, M�M� Lerch1, J� Mayerle1

1 Department of Medicine A, University of Greifswald, 2 Division of Medical 
Biology, University of Rostock, 3 Division of Experimental Surgery, University 
of Magdeburg, Germany, and 4 Yale University Medical School, New Haven, CT, 
USA
Introduction: Intracellular protease activation, an initiating event in pancrea-
titis, has been suggested to begin in autophagosomes. We have studied trypsin 
activation and its dependence on autophagy in the early phase of pancreatitis. 
Methods: Caerulein pancreatitis was induced in mice expressing GFP-tagged 
LC3. Organelles were separated by Percoll-gradient centrifugation, used for 
protease activity measurements and quantitation of autophagy markers such 
as LC3. Confocal fluorescent live imaging of acini was used to identify sites of 
trypsin activation. 
results: Autophagosome formation in vivo was confirmed by the appearance 
of fluorescent vesicles in the pancreas of LC3-GFP-mice and a shift from the 
LC3-I to the LC3-II form. Significant increases in autophagy over baseline 
were detected after 4 hours of pancreatitis. Simultaneous confocal imaging 
of autophagosome formation (GFP-LC3 fluorescence) and trypsin activation 
(AMC-fluorescence) in vitro (isolated acini) indicated that the two events arise 
in different compartments. In subcellular fractions after 1h of supramaximal 
caerulein the compartment containing active trypsin also contained cathepsin-
B but no autophagy markers. Trypsin inhibition with gabexate did not prevent 
autophagosomes formation upon supramaximal stimulation.
conclusions: Although autophagy has been shown to determine trypsin activ-
ity levels after 8h of pancreatitis, the initial activation of trypsin develops neither 
in autophagosomes nor does it depend on autophagy. The onset of autophagy in 
the pancreas, on the other hand, is independent of trypsin activity. 
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MITOCHONDRIAL INJURY PRECEDES NF-κB AND PREMATURE 
TRYPSINOGEN ACTIVATION IN L-LYSINE-INDUCED ACUTE 
PANCREATITIS

Zsolt Balla1, György Biczó1, Sándor Dósa2, Natalia Shalbuyeva3, Sándor Berczi2, 
Zsuzsanna Hracskó4, Andrea Siska5, Zoltán Kukor6, Viktória Venglovecz7, Ilona 
S� Varga4, Béla Iványi2, Tibor Wittmann1, Anna Gukovskaya3, Tamás Takács1, 

Péter Hegyi1, Zoltán Rakonczay Jr�1

University of Szeged, 1 First Department of Medicine, 2 Department of Pathology, 
4 Department of Biochemistry and Molecular Biology, 5 Department of Clinical Chem-
istry, 7 Department of Pharmacology and Pharmacotherapy, Szeged,  Hungary
3 Veterans Affairs Greater Los Angeles Healthcare System, University of California, Los 
Angeles, CA, USA
6 Semmelweis University, Department of Medical Chemistry, Molecular Biology and 
Pathobiochemistry

Introduction: Large intraperitoneal (i.p.) doses of basic amino acids, such as L-arginine, 
L-ornithine or L-lysine, have been shown to cause pancreatic acinar cell injury. 
The aim of the study was to get insight into the mechanisms through which L-lysine 
damages the rat exocrine pancreas. 
Methods: Male Wistar rats were injected intraperitoneally with 2 g/kg L-lysine and sac-
rificed 0-168 h afterwards. Biochemical and histological (light and electron microscopy) 
parameters of pancreatitis were determined. In particular we characterized the kinetics 
of L-lysine-induced mitochondrial injury, trypsinogen and nuclear factor-κB (NF-κB) 
activation which are commonly thought to play an important role in the development 
of acute pancreatitis. 
results: We showed that intraperitoneal administration of L-lysine induced severe 
acute necrotizing pancreatitis. L-lysine administration caused early pancreatic mito-
chondrial damage (from 1 h) that preceded the activation of trypsinogen (12-48 h) and 
NF-κB (24-168 h). Large concentrations of L-lysine significantly inhibited the rate of 
mitochondrial membrane potential recovery after consumption of ADP in isolated pan-
creatic, but not liver, mitochondria. Serum amylase and lipase activities were signifi-
cantly increased, whereas pancreatic amylase activity was decreased. Pancreatic NF-κB 
activation was associated with elevated interleukin-1β levels. L-lysine administration 
also induced pancreatic oxidative stress and heat shock protein 72 expression. Elevated 
pancreatic myeloperoxidase activity was detected from 18 to 72 h. 
conclusions: Early pancreatic mitochondrial injury caused by large doses of L-lysine 
may lead to the development of acute pancreatitis. Our data suggest that L-lysine impairs 
ATP synthase activity of isolated pancreatic, but not liver, mitochondria.
Supported by OTKA, MTA and NFÜ.
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WNK1 AND SPAK REGULATE CFTR PHOSPHORYLATION AND ITS 
BICARBONATE PERMEABILITY

Hyun Woo Park1, Joo Hyun Nam1,2, Min Goo Lee1

1Department of Pharmacology, Institute of Gastroenterology, Brain Korea 21 
Project for Medical Science, Yonsei University College of Medicine, Seoul, 
Korea
2Department of Medicine, Dongguk University College of Medicine, Gyeongju, 
Korea
The human pancreatic duct cells secrete over 140 mM bicarbonate (HCO3

-) 
which accounts for the strong alkaline fluid of the exocrine pancreas. The 
present study reports a novel mechanism whereby intracellular Cl- concentra-
tion ([Cl-]i)-sensitive kinases play a critical role in pancreatic HCO3

- secretion. 
Recently, WNK1-SPAK kinase pathway has emerged as osmotic sensors that 
modulate diverse ion transporters. In human pancreatic tissues, CFTR-positive 
duct cells co-expressed WNK1 and SPAK kinases. Interestingly, CFTR activa-
tion greatly reduced [Cl-]i, and this in turn activated the WNK1-SPAK kinase 
cascade. Notably, in PANC1 and guinea pig pancreatic duct cells, the low [Cl-]
i-mediated WNK1 and SPAK activation subsequently increased CFTR HCO3

- 
permeability. In addition to HCO3

-, activated WNK1 and SPAK increased CFTR 
permeability to other anions (F-, Br-, I-, NO3

-). Pull-down and in-vitro kinase 
assay showed that WNK1 and SPAK bind to the N-terminus and R domain 
of CFTR and phosphorylate the R domain and C-terminus. The involvement 
of WNK1 and SPAK kinase activity on CFTR HCO3

- permeability was tested 
using kinase-inactive (KI) mutants which revealed that intact kinase activity of 
both WNK1 and SPAK was required for the increased HCO3

- permeability as 
well as other disordered anion permeability of CFTR. These findings not only 
reveal that the [Cl-]i-sensitive activation of WNK1-SPAK pathway is the molec-
ular switch to generate HCO3

--rich fluid in the human pancreatic duct, but also 
shed light on the possibility that ion selectivity of ion channels can dynamically 
change by kinase-dependent phosphorylation.
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АUTOIMMUNE COMPONENT IN ACUTE AND CHRONIC 
PANCREATITIS ON RATS

I� E� Trubitsyna, L� V� Vinokurova, L� B� Lazebnik

Central Research Institute of Gastroenterology Russia, Moscow
Introduction: connected with loss of ability to tolerate “self-antigens” is in 
patients with chronic pancreatitis (CP).
aim: determination of disturbance of organs gastroduodenal zone tolerance on 
reproduction of acute and chronic pancreatitis in rats.
Material and methods: white rats were divided into five experimental and 
one-control groups. Experimental groups: the 1st - immunization by means of 
three-fold intraperitoneal introduction of pancreatic tissue (PT) homogenate 
3 days apart; the 2nd and the 3d - tissue damage with acetic acid; the 4th and the 
5th - introduction of duodenum secretion into PT. Content of INFγ, antibodies 
to parietal and acinar cells were determined in blood serum and PT extracts by 
means of immune-enzyme method.
obtained results and discussion: after preliminary immunization antibodies 
to parietal 195.43±21 and acinar cells 67.5±6.8 were revealed in animals’ blood 
serum; in control group they are absent. Content of INFγ 145.6 ±7.8 pg\ml is 
increased in blood and PT extracts; control 50.6±5.1; 186.7±8.3 pg\ml of the 
tissue; control 30.2±2.5 pg\ml of tissue (p<0.05). In the 2nd and the 3rd groups 
(acute pancreatitis) antibodies to parietal and acinar cells are absent; INFγ is 
increased both in blood and tissue. The 4th and the 5th groups - chronic pancrea-
titis. Antibodies to parietal and acinar cells are identified; level of antibodies 
content depends on depth of PT damage. Increased INFγ content is kept in 
blood.
conclusion: autoimmune response has organ specificity, involves other organs 
in joint reaction - gastric mucous which has low immune tolerance.
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RESTING MEMBRANE POTENTIAL IN ISOLATED PERFUSED 
DUCTS FROM MOUSE PANCREAS

Mikio Hayashi, Ivana Novak

Section of Molecular Integrative Physiology, Department of Biology, University 
of Copenhagen, Denmark
Introduction: The membrane potential in pancreatic duct cells is a crucial com-
ponent of the driving force for anion secretion. K+ channels play a vital role in 
maintaining the membrane potential. The molecular nature of some K+ chan-
nels have been identified in pancreatic duct cells, however, their physiological 
function is unclear (Heitzmann and Warth, 2008). 
objectives: The aim of our study was to functionally identify K+ channels that 
contribute to the resting membrane potential. 
Materials and Methods: Interlobular ducts were dissected from mouse pan-
creas. The range of outside diameters and length were 40–120 μm and 300–800 
μm, respectively (n = 15). The duct lumen was microperfused using perfusion 
pipette. Membrane potentials were recorded using microelectrode methods. 
results: The duct cells had resting membrane potentials of −50.9 ± 1.7 mV 
(n = 29). When the bath K+ concentration was increased from 3.6 to 20 mM, 
the membrane potential depolarized by 10.6 ± 2.3 mV (n = 8). Application of 
Ba2+ (1–5 mM), a non-selective K+ channel blocker, depolarized the membrane 
potential. Application of clotrimazole, a blocker of intermediate conductance 
Ca2+-activated K+ channels, to the basolateral side produced a small depolariza-
tion of resting membrane potential. 
conclusion: The present results indicate that Ba2+-sensitive K+ channels and/or 
intermediate conductance Ca2+-activated K+ channels are responsible for setting 
the resting membrane potential in mouse pancreatic ducts.
Reference
Heitzmann D, Warth R (2008) Physiology and pathophysiology of potassium 
channels in gastrointestinal epithelia. Physiol Rev 88: 1119-1182
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CHYMOTRYPSIN C IS A CO-ACTIVATOR OF HUMAN PANCREATIC 
PROCARBOXYPEPTIDASES A1 AND A2

R� Szmola1,3, M� Bence1, A� Carpentieri1,2, A� Szabo1, C� E� Costello2, J� Samuelson1, 
M� Sahin-Tóth1

1 Department of Molecular and Cell Biology, Boston University Henry M. Gold-
man School of Dental Medicine, Boston, MA; 2 Department of Biochemistry, 
Boston University School of Medicine, Boston, MA; 3 2nd Department of Medi-
cine, Semmelweis University, Budapest, Hungary
Background: Human digestive carboxypeptidases CPA1, CPA2 and CPB1 are 
secreted by the pancreas as inactive proenzymes containing a 94-96 amino-acid 
long propeptide. Activation of procarboxypeptidases is initiated by proteolytic 
cleavage at the C-terminal end of the propeptide by trypsin. In addition to the 
critical role of trypsin, chymotrypsin and elastase were also shown in several 
studies to catalyze procarboxypeptidase activation to varying degrees; however, 
the mechanism or cleavage sites involved in these alternative activation path-
ways have not been clarified.
Methods: Human procarboxypeptidase and chymotrypsinogen isoforms were 
expressed in HEK 293T cells via transient transfection. Proteases were purified 
with ion-exchange and inhibitor affinity chromatography. Activation of procar-
boxypeptidases was followed by enzymatic assays, SDS-PAGE, and mass spec-
trometry analysis.
results: We demonstrate that after tryptic activation subsequent cleavage of 
the propeptide by chymotrypsin C (CTRC) induces a nearly 10-fold increase 
in the activity of trypsin-activated CPA1 and CPA2, whereas CPB1 activity is 
unaffected. Other human pancreatic proteases such as chymotrypsin B1, chy-
motrypsin B2, chymotrypsin-like enzyme-1, elastase 2A, elastase 3A or elastase 
3B are inactive or markedly less effective at promoting procarboxypeptidase 
activation. 
conclusions: On the basis of these observations we propose that CTRC is a 
physiological co-activator of proCPA1 and proCPA2. From a teleological per-
spective, this mechanism would allow the coordination of chymotrypsin activity 
with CPA activity, which acts upon C-terminal residues exposed by chymotryp-
tic cleavages in dietary proteins. Finally, the observations confirm and extend 
the notion that CTRC is a key regulator of digestive zymogen activation.
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THE P2X7 RECEPTOR IN PANCREATIC STELLATE CELLS

Kristian A� Haanes, Ivana Novak

Section of Molecular Integrative Physiology, Department of Biology, University 
of Copenhagen, Denmark
Introduction: The star shaped myofibroblast-like pancreatic stellate cell (PSC) 
has been named “a star on the rise” in pancreatic diseases, such as pancreatitis 
and pancreatic cancer. Signalling by extracellular ATP, called purinergic signal-
ling, is important in a number of diseases. In particular, the P2X7 receptor is of 
interest because it can be involved in both cell apoptosis and proliferation. 
objective: The aim was to determine whether the P2X7 receptor is expressed 
and contributes to behaviour of PSCs. 
Materials and Methods: We have developed a method for isolation of PSCs 
from a single mouse pancreas (P2X7+/+ or -/-). This new method utilizes the 
fast attachment of PSC to serum-treated plastic dishes after isolation by colla-
genase digestion. PSCs where seeded directly into 96 well plates after isolation 
and the growth/proliferation of PSCs was detected by monitoring cell dehydro-
genase activity assayed by the formation of formazan salts. Immunohistochem-
istry and western blot were also carried out. 
results: The isolated PSCs have characteristic morphological signatures. They 
express GFAP (Glial Fibrillary Acidic Protein), α-SMA (Smooth Muscle Actin) 
and have lipid droplets characterized with Nile Red. PSC do also express the 
P2X7 receptor, and P2X7-/- pancreas has significantly fewer PSCs per gram of 
tissue (n=4-5). PSCs from P2X7-/- animals showed lower growth/proliferation 
after 5 days (n=4-5), and it was more difficult to establish as a primary culture. 
conclusion: These results indicate that the P2X7 receptor could have an impor-
tant function in the growth/proliferation of PSCs. 
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CHARACTERIZATION OF H+/K+ ATPASES IN HUMAN PANCREATIC 
DUCT CELL LINES 

Jing Wang, Ivana Novak

Section of Molecular Integrative Physiology, Department of Biology, University 
of Copenhagen, Denmark
Introduction: The mechanism underlying high HCO3

- secretion of pancreatic 
ducts has long been a puzzle. This alkaline secretion can be achieved by trans-
porting HCO3

- from serosa to mucosa or moving H+ in the opposite direction. 
Our recent study showed functional gastric and non-gastric H+/K+ ATPases in 
rat pancreatic ducts, and the pumps could contribute to pancreatic secretion 
(1). 
objectives: the aim of the present study was to determine whether human pan-
creatic duct cells also express H+/K+ ATPases. 
Methods: The expression of H+/K+ ATPases was analyzed in cell lines (CAPAN1, 
CFPAC1 and PANC1) by western blot and RT-PCR. CAPAN1 monolayers were 
used for immunohistochemistry, and intracellular pH (pHi) was measured 
using BCECF. 
results: the α and β subunits of the gastric H+/K+ ATPase and the α subunit of 
the non-gastric H+/K+ ATPase were found in CAPAN1, CFPAC1 and PANC1 
cells on both mRNA and protein levels. Staining of H+/K+ ATPases in CAPAN1 
further confirmed the expression. The Na+-independent pHi recovery from aci-
dosis was reduced by 78% in the presence of gastric H+/K+ ATPase inhibitor 
omeprazole (10 μM, n=5, P < 0.05); Sch28080 seemed to inhibit the recovery by 
48% (10 μM, n=4, P = 0.06). 
conclusion: We demonstrated both types of H+/K+ ATPases in human pancre-
atic duct cell lines, and sensitivity to H+/K+ ATPase inhibitors indicates their 
potential role in the acid-base physiology in human pancreas. 

1.  Novak, I., Wang, J., Henriksen, K. L., Haanes, K. A., Krabbe, S., Nitschke, R., 
and Hede, S. E. (2011) J. Biol. Chem. 286, 280-289

80



Poster Session II�, Sunday, 12�45-13�15
P-Su-07

ACTIVE FLUID SECRETION IN VITRO BY SALIVARY GLAND CELLS 
EXPRESSING TRANSGENIC AQUAPORIN-1

Gabor Z� Racz, Erzsebet Bori, Zoltan Borbely, Anna Foldes, Gabor Varga 

Department of Oral Biology, Semmelweis University, Budapest, Hungary 
Background: Therapeutic irradiation causes loss of salivary gland acini, which 
are normally responsible for saliva secretion. Reengineering ductal cells to 
secrete fluid would provide a remedy. Gene transfer of aquaporin-1 water chan-
nels (AQP1) into the salivary glands of irradiated rats restores fluid secretion. 
However, the mechanism of this increased fluid secretion exhibited by AQP1 
expressing ductal epithelia is unknown. 
aim: To study the mechanism of fluid secretion by AQP1 expressing salivary 
gland epithelial cells on an in vitro model of salivary gland epithelium. 
Methods: Par-C10 rat parotid cells, grown as polarized epithelia, were trans-
duced with AdapoE or AQP1adenoviral particles. Basolateral to apical fluid 
transport was measured in culture medium or bicarbonate or HEPES buffer 
after 2 days. 
results: AQP1 gene transfer had no effect on net fluid secretion of cells incu-
bated in bicarbonate-containing complete DMEM:F12 medium (AdapoE con-
trol: 0.0+/-1.6 microL, AdAQP1: -1.2+/-1.6 microL), while it further increased 
the fluid transport induced by hyperosmotic solution (without AdAQP1: 20.9+/-
2.8 microL, with AdAQP1: 41.0+/-3.5 microL). However, AQP1 gene transfer 
by itself increased fluid secretion of cells incubated in standard HEPES buffer 
(AdapoE: 0.0+/-0.9 microL, AdAQP1: 4.4+/-0.9 microL, p<0.05). AdAQP1-
transduced cells did not secrete fluid in standard bicarbonate buffer (2.3+/-5.2 
microL, not statistically different from 0), but they did in HEPES (20.3+/-5.2 
microL in HEPES, p<0.01 vs. bicarbonate). 
conclusions: AQP1 expression by itself increases fluid secretion in Par-C10 
cells, which is apparently inhibited by the presence of bicarbonate ions. 
Support: OTKA CK80928, OTKA K83915, TAMOP 4.2.1/B-09/1/KMR-2010-
0001. 
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ACTIVATION OF HUMAN CHYMOTRYPSINOGEN ISOFORMS 

A� Geisz1, A� Szabó1, P� Hegyi2, M� Sahin-Tóth1

1 Department of Molecular and Cell Biology, Boston University Medical Center, 
Boston, MA; USA; 2 First Department of Medicine, University of Szeged, Szeged, 
Hungary
Background and aims: The human pancreas secretes four different isoforms 
of the digestive proenzyme chymotrypsinogen, CTRB1, CTRB2, CTRC and 
CTRL1. Physiological activation of chymotrypsinogen is catalyzed by trypsin 
in the duodenum. Premature activation of chymotrypsin in the pancreas has 
been observed in pancreatitis. During the activation process trypsin cleaves 
off a 13-15 amino-acid long N-terminal propeptide from chymotrypsinogens, 
which remains attached to the active chymotrypsins through a disulfide bond. 
The aim of the present study was to characterize the activation and enzymatic 
activity of human chymotrypsins in a comparative manner and to elucidate the 
functional role of the disulfide-attached propeptides. 
Methods: Human digestive proenzymes were produced recombinantly and 
purified to homogeneity. Cysteine residues responsible for anchoring the cleaved 
propeptides were mutated to alanine. Chymotrypsinogen activation and chy-
motrypsin activity was followed by enzymatic assays and SDS-PAGE. 
results: Trypsin activated CTRL1 at a higher rate (ranging from 2-fold to 9-fold) 
than CTRB1, CTRB2 or CTRC. When comparing the three human trypsin iso-
forms, anionic trypsin activated CTRB2 and CTRC approximately 4-fold better 
than cationic trypsin, whereas mesotrypsin was ineffective. Activated CTRB2 
lacking a disulfide-linked propeptide exhibited accelerated autolytic degrada-
tion. All four chymotrypsins readily cleaved peptide substrates after phenyla-
lanine and tyrosine amino-acid residues, while only CTRB1 cleaved after tryp-
tophan and CTRC cleaved after leucine and methionine. 
conclusions: The preferential activation of CTRL1 suggests that this isoform 
may be the first chymotrypsin activated in the duodenum and during pancrea-
titis. The disulfide-linked activation peptides are required to stabilize chymot-
rypsins against autolysis. Finally, human chymotrypsin isoforms exhibit both 
overlapping and unique substrate specificities, which permit efficient digestion 
of a diverse set of peptide bonds in dietary proteins. 
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FORMATION OF EPITHELIAL MONOLAYERS AND ACINOTUBULAR 
STRUCTURES FROM SALIVARY GLAND CELLS OF RAT AND 
HUMAN ORIGIN

A� Földes, O� Hegyesi, E� Bori, Z� Borbély, M� Steward*, G� Varga

Department of Oral Biology, Semmelweis University, Budapest, Hungary
* Faculty of Life Sciences, University of Manchester, Manchester
Background: To restore lost salivary epithelial function, either acinar cell 
renewal should be achieved or the function of the remnant ductal cells should 
be altered from an absorbing epithelium into a secretory epithelium.
aim: To find optimal conditions to form functional epithelial monolayers and 
to from acinotubular structures using salivary cells originally isolated from rat 
or human salivary glands.
Methods: Human cell cultures were prepared from dissected human sub-
mandibular glands. From culture day-2 either non-attaching supernatant cells 
(huSMG) or all surviving cells (PTHSG) were cultivated to obtain epithelial-like 
progenitor or mixed epithelial-mesenchymal progenitor culture, respectively. 
Passage 1-3 cells were seeded onto Transwell Clear permeable supports in either 
MEM or HepatoStim medium to prepare polarized monolayer. Par-C10 cells, 
originated from rat parotid gland, were cultured under standard conditions in 
DMEM/F12.
results: Autocrine factors and cell density are important for the growth and 
differentiation of huSMG and PTHSG cultures but not of Par-C10 cells. Both 
huSMG and PTHSG cultures grew to confluence as polarized monolayers on 
the permeable support in the presence of HepatoStim (TEER reached 700-
1500Ωcm2) but not in MEM (TEER under 200Ωcm2). Culture in HepatoStim 
was required for the differentiation but not for the maintenance of human sali-
vary gland epithelial cells. Acinar differentiation and acinotubular formation 
was succesfully achieved by basal membrane extract Matrigel in both Par-C10 
and human salivary gland cultures. 
conclusion: We have successfully established a functional model of human 
salivary gland epithelium and achieved acinar differentiation of rat and human 
salivary glands. 
Support: OTKA CK80928 and TÁMOP-4.2.1/B-09/1/KMR-2010-0001
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TRANSMIGRATING MACROPHAGES MEDIATE TISSUE DAMAGE 
AND PROTEASE ACTIVATION IN ACUTE PANCREATITIS VIA TNFα 
SECRETION

M� Sendler1, A� Dummer1, F�U� Weiss1, B� Brandt-Nedelev2, K� Scharffetter-
Kochanek3, N� van Rooijen4, W� Halangk2, M�M� Lerch1, J� Mayerle1

1 Department of Medicine A, Ernst-Moritz-Arndt-University Greifswald, 
Germany, 2 Division of Experimental Surgery, Otto-von-Guericke University 
Magdeburg, Germany, 3 Department of Dermatology and Allergology, Univer-
sity of Ulm, Germany, 4 Department of Cell Biology and Immunology, Vrije 
Universiteit, Amsterdam, The Netherlands
Background and aims: Premature protease activation is a critical event in the 
onset of pancreatitis and has been suggested to depend – at least in part – on the 
presence of leukocytes. We have tried to identify the type of inflammatory cells 
involved in intracellular trypsinogen activation and the mode of action through 
which they mediate this effect. 
Methods and results: Transmigration of leukocytes from blood vessels into the 
pancreas during acute, caerulein-induced pancreatitis depended on the CD18 
subunit of the MAC-1 complex because it was prevented in CD18-null mice. 
Deletion of the CD18 gene not only reduced the severity of pancreatitis but 
also trypsinogen activation. Since transmigration of both, neutrophils and mac-
rophages depends on CD18 we selectively depleted them with monospecific 
antibodies. Both types of inflammatory cells were found to contribute to intra-
cellular trypsinogen activation and disease severity. In isolated pancreatic acini 
activated neutrophils and macrophages directly induced premature protease 
activation and cell death, and this effect was mediated by TNFα but not by IL1β. 
TNFα stimulation of isolated pancreatic acini increased both, caspase 3 activity 
and necrosis. Furthermore, the effect could be prevented by the TNFα inflixi-
mab and the severity of pancreatitis was reduced in TNFα knock-out mice.
conclusion: Protease activation in acute pancreatitis depends on the presence 
of neutrophils and macrophages in the pancreas and is mediated by TNFα. 
Our data further suggest that available agents that target TNFα may offer a 
therapeutic option for patients with pancreatitis. 
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FLUID AND HCO3
- SECRETION ARE REDUCED IN SLC26A6 

KNOCKOUT VS. WILD-TYPE MICE

Petra Pallagi1, Péter Hegyi1, Viktória Venglovecz2, Tamás Takács1, Tibor 
Wittmann1, Anurag Kumar Singh3, Regina Engelhardt3, Brigitte Riederer3, 
Ursula Seidler3, Zoltán Rakonczay Jr1

1 First Department of Medicine, 2 Department of Pharmacology and Pharmaco-
therapy, University of Szeged, Hungary; 3 Department of Gastroenterology, Hepa-
tology, and Endocrinology, Medical School of Hannover, Germany 
Background: Fluid and HCO3

- secretion are essential functions of the pancre-
atic ductal epithelia. The exact mechanism of epithelial HCO3

- secretion by the 
pancreas is poorly understood. However, apical cystic fibrosis transmembrane 
conductance regulator (CFTR) and Cl-/HCO3

- exchangers are required for these 
functions. A breakthrough was made with the discovery of the new family of 
luminal Cl-/HCO3

- exchangers, the SLC26 transporters. The aim of this study 
was to evaluate the role of SLC26a6 (PAT1) in pancreatic anion and fluid secre-
tion.
Methods: Interlobular ducts were isolated from the pancreas of wild-type (WT) 
and PAT1 knockout (KO) mice. Intracellular pH (pHi) was estimated by using 
the pH-sensitive fluorescent dye BCECF-AM. We used the inhibitory stop and 
alkali load methods to determine the HCO3

- efflux across the luminal mem-
brane. Fluid secretion into the closed luminal space of the cultured ducts was 
analysed using a swelling technique. Digital images of the ducts were analysed 
using Scion Image software (Scion Corp.) to obtain values for the area corre-
sponding to the luminal space.
results: Exposing the ducts to 0.2 mM H2DIDS and 0.2 mM amiloride caused 
an acidification of pHi due to inhibition of the basolateral Na+/HCO3

- cotrans-
porters and Na+/H+ exchangers. HCO3

- secretion was significantly lower in 
PAT1 KO vs. WT mice. We also analysed the recovery of pHi from an alkali load 
induced by exposure to 20 mM NH4Cl in a HCO3

-/CO2-containing solution. 
The recovery from alkalosis was significantly lower in PAT1 KO vs. WT mice. 
The forskolin stimulated fluid secretory rate was significantly lower in KO vs. 
WT mice both in the absence and in the presence of HCO3

-/CO2.
conclusion: Our results suggest that SLC26a6 plays a critical role in pancreatic 
ductal secretion.
This study was supported by OTKA, MTA/DFG and NFÜ.
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EFFECTS OF ETHANOL ON CFTR ACTIVITY IN GUINEA PIG 
PANCREATIC DUCT CELLS

Linda Judák1, Zoltán Rakonczay Jr�1, Mike Gray2, Péter Hegyi1, Viktória 
Venglovecz3

1 First Department of Medicine, 3 Department of Pharmacology and Pharmaco-
therapy University of Szeged, Szeged, Hungary
2Newcastle University Medical School, Newcastle upon Tyne, UK
Background: Ethanol (EtOH) is known to contribute to the development of 
acute pancreatitis; however its cellular effects are poorly understood. Ishiguro et 
al. found that low concentrations (0.3 – 30 mM) of EtOH augment, whereas high 
concentration (100 mM) inhibits secretin-stimulated pancreatic ductal fluid 
secretion. Since cystic fibrosis transmembrane conductance regulator (CFTR) 
plays a crucial role in maintaining fluid secretion, our aim in this study was to 
examine the effects of ethanol on basal and forskolin-stimulated CFTR currents 
in native pancreatic duct cells.
Methods: We used the patch clamp technique to study the effects of EtOH (1, 
10 and 100 mM) on whole cell CFTR currents in single, guinea pig pancreatic 
duct cells prepared by a combination of enzymatic treatment and mechanical 
separtion of intact pancreatic ducts.
results: Exposure of duct cells to 1 and 10 mM EtOH had no significant effect 
on basal CFTR currents even after 15 minutes. In contrast, 100 mM EtOH sig-
nificantly increased whole cell currents in ~ 80% of recordings. Notably, the 
same osmotic concentration of mannitol (100 mM) caused the same activa-
tion in whole cell currents, indicating that the stimulatory effect of EtOH is 
more probably due to its osmotic effect. Administration of forskolin (5µM) 
activated CFTR currents by 8-10 fold in magnitude. These forskolin-activated 
currents reached a maximum after 5 minutes of administration and were time-
independent in response to voltage steps. 100 mM EtOH reversibly blocked the 
forskolin-stimulated currents by 60±11%, whereas 1 and 10 mM EtOH did not 
affect it. 
conclusions: Our data showed that 100 mM EtOH decreases forskolin-stimulated 
CFTR Cl- currents in pancreatic duct cells. However, low concentrations (1 and 10 
mM) of EtOH affected neither the basal nor the stimulated CFTR currents. 
This work was supported by the Hungarian Scientific Research Fund, the Hun-
garian Academy of Sciences and the National Development Agency.
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INVOLVEMENT OF NEUROKININ RECEPTORS IN THE INHIBITORY 
EFFECT OF SUBSTANCE P ON DUCTAL BICARBONATE 
SECRETION

Lajos V� Kemény1,4, Péter Hegyi1, Zoltán Rakonczay Jr�1, Katalin Borka2, Anna 
Korompay2, Mike A� Gray3, Barry E� Argent3, Viktória Venglovecz4

1 First Department of Medicine, University of Szeged, Szeged, Hungary, 2 Second 
Department of Pathology, Semmelweis University, Budapest, Hungary, 3 Insti-
tute for Cell and Molecular Biosciences, Newcastle University, Newcastle upon 
Tyne, UK, 4 Department of Pharmacology and Pharmacotherapy, University of 
Szeged, Szeged, Hungary
Introduction: Substance P (SP) is a well-known neuropeptide, which exerts its 
effect via neurokinin (NK) receptors. Recently, we have shown that SP inhibits 
secretin-stimulated fluid secretion in intact guinea pig pancreatic ducts and that 
this inhibitory effect of SP can be relieved by spantide, an NK receptor antago-
nist. In this study our aim was to investigate which NK receptor(s) mediate(s) 
the inhibitory effect of SP.
Methods: We isolated intra/interlobular ducts from guinea pig pancreas after 
an enzymatic treatment. The rate of HCO3

- secretion was estimated by the alkali 
load technique using microfluorometry. Expression and localization of NK 
receptors were examined by immunocytochemistry.
results: Basolateral administration of 10nM secretin significantly increased 
HCO3

- secretion, which was completely blocked by application of 20nM SP. The 
NK1 antagonist RP67580 (10 µM) did not influence the inhibitory effect of SP. 
However, the NK2 antagonist, MEN10376 (10 µM) and the NK3 antagonist, 
SB218795 (10 µM) significantly reversed the inhibitory effect of SP by 42.5 ± 
2.1 % and 68.1 ± 3.5 %, respectively. The NK1 receptors were localized to the 
luminal membrane, while the NK2 and NK3 receptors were identified both on 
the lateral and luminal membranes of the intra/interlobular ducts.
Discussion: In this study we characterized the localization of NK receptor sub-
types in the guinea pig pancreas and showed evidence that SP inhibits HCO3

- 
secretion via the laterally expressed NK receptors, namely the NK2 and 3.
This work was supported by OTKA, Hungarian Academy of Sciences and 
National Development Agency.
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NON-OXYDATIVE ETHANOL METABOLITES INDUCE ATP 
DEPLETION IN HUMAN PANCREATIC DUCTAL EPITHELIAL  
CELL LINE

József Maléth1, Zoltán Rakonczay1, Viktória Venglovecz2, Péter Hegyi1 

1 First Department of Medicine, 2 Department of Pharmacology and Pharmaco-
therapy University of Szeged, Szeged, Hungary
Background: Excessive ethanol consumption is one of the most common causes 
of acute pancreatitis. Several studies suggest that the toxic effects of alcohol are 
mediated by its non-oxidative metabolites. Criddle et al. found that fatty acid 
ethyl esters (FAEE) induce reversible, dose-dependent calcium signalling and 
inhibit ATP production in isolated pancreatic acinar cells. However, no infor-
mation is available concerning the effects of ethanol metabolites on pancreatic 
ductal epithelial cells (PDEC). The aim of this study was to characterize the 
effects of palmitoleic acid ethyl ester (POAEE) and palmitoleic acid (POA) on 
intracellular ATP level (ATP)i in PDEC. 
Methods: In our experiments human pancreatic adenocarcinoma cell line was 
used (CAPAN1). Different concentrations of ethanol, POAEE and POA were 
dissolved in standard HEPES solution. Changes in (ATP)i of CAPAN-1 cells 
were measured using microfluorometry. 
results: Administration of low concentration (10-50 mM) of ethanol did not 
induce (ATP)i depletion; however, 100mM ethanol induced significant, but 
reversible (ATP)i decrease. The non-oxidative ethanol metabolite POAEE had 
no significant effect on (ATP)i level in neither of the tested concentrations (50-
200μM). The free fatty acid POA, which is supposed to be the most toxic end 
product of non-oxidative ethanol metabolism, induced dose-dependent, sig-
nificant and irreversible (ATP)i depletion.
conclusions: These results suggest that non-oxidative ethanol metabolites 
induce (ATP)i depletion in pancreatic ductal epithelial cells, which can contrib-
ute to the development of acute pancreatitis. The effects of ethanol metabolites 
on ductal bicarbonate secretion needs further investigation.
This work was supported by the Hungarian Scientific Research Fund, the Hun-
garian Academy of Sciences and the National Development Agency.
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CONTRIBUTION OF TRPC1 AND ORAI1 TO CA2+ ENTRY ACTIVATED 
BY STORE DEPLETION AND REGULATION OF SPECIFIC CELLULAR 
FUNCTIONS IN SALIVARY GLAND CELLS 

Indu S� Ambudkar

Secretory Physiology Section, Molecular Physiology and Therapeutics Branch, 
NIDCR, NIH, Bethesda, MD 20892, USA
Store-operated Ca2+ entry (SOCE) is activated in response to a reduction of 
[Ca2+] in the ER and generates local and global [Ca2+]i signals that regulate a 
wide variety of cellular functions. Two types of channels have been associated 
with SOCE, CRAC channels and SOC channels. We have previously provided 
extensive data to demonstrate that TRPC1 is a critical component of SOC chan-
nels and SOCE salivary gland cells. Further, salivary gland acinar cells from 
TRPC1-/- mice display reduced SOCE and SOC channel activity which account 
for loss of sustained KCa activation and, consequently, salivary fluid secretion. 
Two new components of SOCE were recently identified. Orai1 is the pore-form-
ing subunit of the CRAC channel while STIM1 is an ER Ca2+ binding protein 
that is the primary regulator of SOCE. In response to store depletion STIM1 oli-
gomerizes and translocates to ER/PM junctional domains, aggregating at sites 
where it interacts with and gates CRAC and SOC channels. An intriguing find-
ing is that functional Orai1 is required for TRPC1 activation by store depletion. 
There has been much debate concerning the issue of whether TRPC1 and Orai1 
contribute to a single SOC channel pore. Our recent studies have revealed the 
molecular events that determine activation of TRPC1 channels following store 
depletion. Our data show that local Ca2+ entry mediated by Orai1 determines 
plasma membrane insertion of TRPC1 while STIM1 controls its gating. Thus, 
Orai1 and STIM1 not only determine Ca2+ signals generated by CRAC channels 
but by regulating TRPC1 channel activity rapidly modulate [Ca2+]i and thus sig-
nificantly impact specific cellular functions in salivary gland acini. 
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