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Dear Friends and Colleagues,

We warmly welcome you to our 5th Annual CHFR Symposium, which this year has
been extended to cover two full days. We hope this will provide more and better
opportunities for interaction between all participants. This is in accordance with the
overall objective of the meeting, which is to bring together clinical investigators and
basic scientists to exchange results and ideas in the area of heart failure research.

The Center for Heart Failure Research constitutes a branch of medical research 
at the Faculty of Medicine at the University of Oslo, Norway. It is financially 
supported by the University and the Southern and Eastern Norway Health Authority
(Helse Sør-Øst). The Center represents a concerted action of groups with complemen-
tary expertise that combines state-of-the-art gene technology and capabilities to
investigate protein function in experimental systems. The systems range from isolated
cells and multicellular preparations to integrative physiology in pathophysiological
models of heart failure. The clinical research groups of the Center for Heart Failure
Research allow for testing of hypotheses in prospective clinical studies.

Our main aim is to promote and integrate high quality research from
bench to bedside in the field of heart failure.

Steering Committee, Center for Heart Failure Research
Harald Arnesen, Dan Atar, Håvard Attramadal, Reidar Bjørnerheim, Lars Gullestad, John Kjekshus,
Finn Olav Levy, Torbjørn Omland, Jan-Bjørn Osnes, Ole M. Sejersted, Tor Skomedal, Otto Smiseth,
Petter Andreas Steen, Guro Valen, Arne Westheim, Fredrik Swift, Anne Wæhre and Geir Christensen
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Information about Center for Heart Failure Research can be found at

www.heartfailure.no
The website presents research groups, research projects and events in CHFR. 

You can also find an overview of publications from CHFR.

Abstracts from this Symposium will also be available.

CHFR members can sign in to edit their profile and research project descriptions.
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Surname  First name Organisation
Afzal Faraz University of Oslo
Agewall Stefan Aker University Hospital, University of Oslo
Agledahl Ingvild University of Tromsø
Ahmed M. Shakil Rikshospitalet University Hospital
Aljabri Belal University of Tromsø
Andersen Geir Øystein Ullevål University Hospital
Andersson Kristin B Ullevål University Hospital
Arnesen Harald Ullevål University Hospital, 

University of Oslo
Aronsen Jan Magnus University of Oslo
Ata Salmana University of Oslo
Atar Dan Aker University Hospital, University of Oslo
Attramadal Håvard Rikshospitalet University Hospital
Austbø Bjørg Ullevål University Hospital
Bauersachs Johann University Hospital Würzburg, Germany
Behmen Dina Ullevål University Hospital
Beitnes Jan Otto Rikshospitalet University Hospital
Berg Kirsti Norwegian University of Technology 

and Science
Bjørnerheim Reidar Ullevål University Hospital
Bjørnstad Johannes University of Oslo
Boardman Neoma University of Tromsø
Brattelid Trond University of Bergen
Brekke Paul Akershus University Hospital
Bristow Michael University of Colorado, Denver, USA
Bye Anja Norwegian University of Technology 

and Science
Byrkjeland Rune Ullevål University Hospital
Christensen Geir Ullevål University Hospital, 

University of Oslo
Czibik Gabor Tamas University of Oslo
Dahl Mai Britt Akershus University Hospital
Dahl Christen Peder Rikshospitalet University Hospital
Dahl Tuva Børresdatter Rikshospitalet University Hospital
De Windt Leon J. Royal Netherlands Academy of Sciences, 

Utrecht, The Netherlands
Dishington Hilde Ullevål University Hospital
Drågen Pimthanya Ullevål University Hospital
Edvardsen Thor Rikshospitalet University Hospital
Eikemo Hilde University of Oslo
Engelhardt Stefan University of Würzburg, Germany
Enger Ulla Ullevål University Hospital
Eriksen Guro Søe Ullevål University Hospital
Feldman Arthur M. Jefferson Medical College, 

Philadelphia, USA
Finsen Alexandra V. Ullevål University Hospital
Flatebø Torun University of Oslo
Furenes Eline B. Ullevål University Hospital
Gerdts Eva Haukeland University Hospital
Gravning Jørgen Rikshospitalet University Hospital, 

University of Oslo
Grieg Zanina Aker University Hospital, University of Oslo
Gullestad Lars Rikshospitalet University Hospital, 

University of Oslo
Hake Johan Simula Research Laboratory
Halvorsen Sigrun Ullevål University Hospital
Hansen Helle University of Aarhus, Denmark
Hodt Anders Aker University Hospital
Hortemo Kristin Halvorsen Ullevål University Hospital
Hougen Karina University of Oslo
Höper Anje Christina University of Tromsø
Høydal Morten Norwegian University of Technology 

and Science
Karahasan Almira Ullevål University Hospital
Kauffmann Philipp A. University Hospital, Zürich, Switzerland
Kjekshus John Rikshospitalet University Hospital, 

University of Oslo
Krobert Kurt University of Oslo
Kvaløy Heidi Ullevål University Hospital
Larsen Karl-Otto Ullevål University Hospital
Larsen Terje University of Tromsø
Levy Finn Olav University of Oslo

Surname  First name Organisation
Liu Xiu-hua PLA General Hospital, Beijing, China
Louch William University of Oslo
Lueder Thomas von Aker University Hospital, University of Oslo
Lunde Per Kristian University of Oslo
Martinov Vladimir University of Oslo
Moltzau Lise Román University of Oslo
Munkvik Morten Ullevål University Hospital
Myrmel Truls Universitetssykehuset Nord-Norge
Mørk Halvor Ullevål University Hospital
Ng Leong University of Leicester, UK
Nilsson Birgitta Blakstad Ullevål University Hospital
Norseng Per Andreas Ullevål University Hospital
Nylænde Marthe Aker University Hospital
Omland Torbjørn Akershus University Hospital
Osnes Jan-Bjørn University of Oslo
Qvigstad Eirik University of Oslo
Rehn Tommy Aune Ullevål University Hospital, 

University of Oslo
Remme Espen Rikshospitalet University Hospital
Riise Jon University of Oslo
Rockman Howard A. Duke University Medical Center, 

Durham, USA
Røsjø Helge Akershus University Hospital
Sagave Julia Fritzi University of Oslo
Sande Jørn Bodvar University of Oslo
Sejersted Ole M University of Oslo
Seljeflot Ingebjørg Ullevål University Hospital
Sjåland Cecilie University of Oslo
Sjaastad Ivar Ullevål University Hospital
Skomedal Tor University of Oslo
Slettaløkken Gunnar Norwegian School of Sport Sciences
Smedsrud Marit Kristine Rikshospitalet University Hospital
Smiseth Otto Rikshospitalet University Hospital, 

University of Oslo
Smith Godfrey University of Glasgow, UK
Sneve Marianne Lunde Ullevål University Hospital
Solaro R. John University of Illinois, Chicago, USA
Solheim Svein Ullevål University Hospital
Steen Petter Andreas Ullevål University Hospital, 

University of Oslo
Stensløkken Kåre-Olav University of Oslo
Stokke Mathis Ullevål University Hospital, 

University of Oslo
Strømme Tævje A. Ullevål University Hospital
Swift Fredrik Ullevål University Hospital, 

University of Oslo
Thomas James Cleveland Clinic Foundation, 

Cleveland, USA
Trondsen Roy Ullevål University Hospital
Tronstad Moe Ingvild Rikshospitalet University Hospital
Tveit Arnljot Asker & Bærum Hospital
Tønnessen Theis Ullevål University Hospital, 

University of Oslo
Valen Guro University of Oslo
Vasan Ramachandran Boston University School of Medicine, 

Framingham, USA
Verburg Esther University of Oslo
Vistnes Maria Ullevål University Hospital
Weiseth Stian André University of Oslo
Westheim Arne Ullevål University Hospital, 

University of Oslo
Wiig Helge University of Bergen
Wiseth Rune Norwegian University of Technology 

and Science
Wæhre Anne University of Oslo
Yndestad Arne University of Oslo
Ødegaard Annlaug University of Oslo
Ørstavik Øyvind University of Oslo
Aakhus Svend Rikshospitalet University Hospital
Aarnes Eva-Katrine University of Bergen
Aarønæs Marit Rikshospitalet University Hospital, 
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October 11

08:00-08:20 Registration
08:20-08:30 Welcome by Geir Christensen (UUH, UoO)

Session A: Inflammation in heart failure
Chairs: Lars Gullestad (RUH) and Guro Valen (UoO)

08:30-09:00 Johann Bauersachs (University Hospital Würzburg, Germany)
Inflammation in heart failure - importance for ventricular remodelling, 
endothelial dysfunction and platelet activation

09:00-09:30 Lars Gullestad (RUH)
Inflammatory mechanisms in remodelling and heart failure

09:30-09:50 Break

Session B: Moderated poster sessions (09:50-11:30)

I: Inflammatory mediators in heart failure
Moderators: Theis Tønnessen (UUH, UoO) and Arne Yndestad (RUH)

II: Cellular signalling in heart failure and myocardial ischemia
Moderators: Jan-Bjørn Osnes (UoO) and Reidar Bjørnerheim (UUH)

III: Cardiac and skeletal muscle function in heart failure
Moderators: Ivar Sjaastad (UUH)

IV: Cardiac imaging and markers of cardiovascular disease
Moderators: Thor Edvardsen (RUH) and Stefan Agewall (AUH, UoO)

11:30-12:30 Lunch

Session C: Cardiac imaging
Chairs: Dan Atar (AUH, UoO) and Otto Smiseth (RUH, UoO)

12:30-13:00 Philipp A. Kauffmann (University Hospital, Zürich, Switzerland)
The future of integrated PET/CT viability imaging

13:00-13:15 Espen Remme (RUH)
Understanding myocardial deformation during normal and ischemic conditions

13:15-13:35 Break

13:35-14:15 James Thomas (Cleveland Clinic Foundation, Cleveland, OH, USA)
Imaging of the failing heart 

14:15-14:35 Break

Session D: Cellular signalling in myocardial hypertrophy and failure
Chairs: Finn Olav Levy (UoO) and Håvard Attramadal (RUH, UoO)

14:35-15:05 Leon J. De Windt (Royal Netherlands Academy of Sciences, Utrecht, The Netherlands)
Calcineurin/NFAT target genes and their function in heart failure

15:05-15:20 Alexandra V. Finsen (UUH)
Syndecan-4 - calcineurin interaction induces myocardial hypertrophy

15:20-15:40 Break

15:40-16:10 Stefan Engelhardt (University of Würzburg, Germany)
Signalling in cardiac hypertrophy and failure - novel mechanisms

17:00-18:00 UNIKARD – A new national cardiovascular research initiative
Round table discussion among invited representatives from all Norwegian universities  
and health regions (Closed session)

19:00 Faculty dinner at Holmenkollen Park Hotel Rica “De fem stuer”
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October 12

Session E: Mechanisms of myocardial hypertrophy and failure
Chairs: Ole Sejersted (UUH, UoO) and Petter Andreas Steen (UUH, UoO)

08:30-09:10 R. John Solaro (University of Illinois, Chicago, IL, USA)
Oxidative stress, PKC, and sarcomeric function in heart failure

9:10-9:25 Ivar Sjaastad (UUH) 
New insight into mechanisms of diastolic dysfunction

9:25-9:45 Break

9:45-10:25 Howard A. Rockman (Duke University Medical Center, Durham, NC, USA)
Molecular mechanisms of pathological hypertrophy

10:25-10:45 Break

Session F: Circulating markers of cardiovascular disease
Chairs: Torbjørn Omland (AHUH, UoO) and Arne Westheim (UUH)

10:45-11:15 Leong Ng (University of Leicester, UK)
Plasma proteomics in heart failure

11:15-11:30 Torbjørn Omland (AHUH, UoO)
Combined use of multiple markers: a strategy for the future?

11:30-12:30 Lunch

12:30-13:10 Ramachandran Vasan (Boston University School of Medicine, Framingham, MS, USA)
Cardiovascular biomarkers: approaches to discovery and assessing clinical utility

13:10-13:25 Presentation of poster prize winners

13:25-13:45 Break

Session G: Novel aspects of heart failure therapy
Chairs: John Kjekshus (RUH, UoO) and Harald Arnesen (UUH, UoO)

13:45-14:25 Michael Bristow (University of Colorado, Denver, CO, USA)
Improving heart failure drug therapy by pharmacogenetic targeting

14:25-14:40 Finn Olav Levy (UoO)
5-HT4 serotonin receptor antagonism in heart failure

14:40-14:55 Break 

14:55-15:35 Arthur M. Feldman (Jefferson Medical College, Philadelphia, USA)
Genomics and pharmacogenetics in the treatment of patients with heart failure

15:35 End

UUH: Ullevaal University Hospital, Oslo
RUH: Rikshospitalet University Hospital, Oslo
UoO: University of Oslo 
AUH: Aker University Hospital, Oslo
AHUH: Akershus University Hospital, Akershus



Inflammatory mediators in heart failure
Moderators: Theis Tønnessen (UUH, UoO) and Arne Yndestad (RUH)

POSTER SESSION  I



Wæhre A1,2, Husberg C1,2, Vistnes M1,2, Nygård S1,2,3 Sjaastad I1,2,4, Christensen G1,2

1 Institute for Experimental Medical Research, Ullevaal University Hospital
2 Center for Heart Failure Research, University of Oslo
3 Department of Mathematics, University of Oslo
4 Department of Cardiology, Ullevaal University Hospital

Background: Among children with congenital heart diseases, right ventricular (RV) pressure
overload is common. In contrast to the many studies on left ventricular hypertrophy, only few
investigations have evaluated the mechanisms leading to right ventricular hypertrophy.

Aim: Identify cytokines that have altered gene expression in the right ventricle during pressure 
overload, and which induce hypertrophy.

Method and Results: RV hypertrophy was studied in a mouse pulmonary artery (PA) banding
model with pressure overload of the RV. PA banding for 7 days resulted in significant increase in
the RV/tibia length (TL) ratio (PA-banding vs. Sham, 2.19±0.03 vs. 1.17±0.05). Inclusion of mice
for further studies were done by echocardiography, RV weight measurements and the expression
of ANP, myosin heavy chain beta and alpha 1, skeletal muscle mRNA in RV measured by rt-PCR.
PA-banded mice were included from the group with peak PA flow velocity of 1.8-2.3 m/s and
RV/TL> 1.8 mg/mm which gave a 60% raise in RV/TL compared to Sham. RV tissues from 5 PA-
banded mice and 4 sham-operated mice were analyzed by microarray technology (Affymetrix). 
A total of 16 cytokines were more than 2-fold up-or down regulated (fdr<0.05); 11 up regulated
(SPP1 (Osteopontin), IL6, CXCL10, CXCL6, CCL8, CX3CL1, CCL5, CXCL16, CCL2, CCL3 and
IL27). Currently we are stimulating neonatal rat cardiomyocytes with cytokines to identify the
cytokines that stimulate cardiomyocyte growth.

Conclusion: Right ventricular pressure overload results in significant hypertrophy and regulation
of several cytokines which might be importantly involved in remodelling of the RV.

P01. Inflammatory mediators in right ventricular pressure overload
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Vistnes M1,2, Wæhre A1,2, Sjaastad I1,2,3, Nygård S1,2,4, Andersson K1,2, Husberg C1,2, 
Christensen G1,2

1 Institute for Experimental Medical Research, Ullevaal University Hospital, Oslo, Norway
2 Center for Heart Failure, University of Oslo, Norway
3 Department of Cardiology, Ullevaal University Hospital, Oslo, Norway
4 Department of Mathematics, University of Oslo, Norway

Background: Cytokines are upregulated in heart failure, but little is known of various etiologies’
possible differences in inflammatory responses. 

Hypothesis and aim: We hypothesised that the diverse etiologies of heart failure lead to distinct
cytokine patterns in the circulation. The aim was to study patterns of circulating cytokines in
three animal models for heart failure. 

Methods: Myocardial hypertrophy of the left and right ventricles was induced in 7-8 weeks 
old C57BL/6 male mice by banding of the ascending aorta (AB) and pulmonary artery (PB),
respectively. The AB mice were divided into a failure and non-failure group. Mice with 
conditional knockout of SERCA2 were used as a model for cardiomyopathy. 25 circulating 
cytokines and chemokines were quantified by Luminex technology in serum samples obtained
one week after AB or PB, and seven weeks after induction of knockout in the SERCA2 KO mice. 

Results: Our main findings were: (I) No upregulation of cytokines in neither the AB failure nor
non-failure group, while seven cytokines were downregulated in the AB failure group. (II) Five
cytokines were upregulated in both the PB group and the SERCA2 KO group. (III) Interleukin
(IL)-12p40 and CXCL9 were regulated in all groups, but differently. 

Conclusion: Heart failure due to left ventricular pressure overload did not increase significantly
any of the 25 cytokines measured in this study. However, right ventricular pressure overload 
and SERCA2 KO increased a specific subset of cytokines. IL-12p40 and CXCL9 were regulated
differently in the different etiologies, and may be potential etiology-specific biomarkers.

P02. Cytokine patterns in the circulation of mice with heart failure are 
etiology-dependent
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Dahl CP1,2,4, GullestadL2,4, Øie E 2,4, Damås JK1, Aukrust P1,3, Yndestad A1,4

1 Research Institute for Internal Medicine, University Of Oslo
2 Department of Cardiology, Rikshospitalet-Radiumhospitalet Medical Centre
3 Section of Clinical Immunology and Infectious diseases, Rikshospitalet-Radiumhospitalet 

Medical Centre
4 Centre for Heart Failure Research, University of Oslo, Norway

Purpose: LIGHT (TNFSF14) is an inflammatory cytokine in the tumor necrosis factor (TNF)
super-family that is involved in innate and adaptive immune responses as well as in regulation 
of cell survival and proliferation. We have previously shown that patients with heart failure (HF)
have elevated gene expression of LIGHT in peripheral blood mononuclear cells (PBMC). The
aims of the present study were to (i) study the myocardial expression of LIGHT and its receptors
lymphotoxin-ß-receptor (LTßR) and herpes virus entry mediator (HVEM) in experimental and
clinical HF and (ii) examine potential pathogenic effects of LIGHT.

Methods and results: Myocardial gene expression of LIGHT, LTßR, and HVEM was analysed 
by real-time RT-PCR in a rat model of post-infarction HF 2, 7, and 28 days after induction of 
myo-cardial infarction (MI). LIGHT mRNA levels were markedly elevated in the infarcted area
and modestly increased in the non-ischemic part of left ventricle throughout the study period.
These changes in LIGHT were accompanied by increased expression of its corresponding
receptors of which LTßR was moderately increased at all time points after MI, while HVEM 
gene expression reached the highest levels 28 days post-MI, representing a chronic stage of HF.
Immunohistochemical analysis of left ventricular tissue from explanted failing human hearts
demonstrated fairly strong LIGHT and HVEM immunoreactivity in cardiomyocytes, endothelial
cells, and vascular smooth muscle cells, whereas weaker LTßR immunoreactivity was observed 
in cardiomyocytes. Furthermore, PBMC was isolated from patients with HF and healthy controls.
LIGHT stimulation for 24 hours induced a marked increase in IL-6 release from PBMC from HF
patients. However, we found no such effect on PBMC from healthy controls.

Conclusion: Based on the important role of LIGHT in regulation of the immune response, our
findings in both clinical and experimental HF suggest a role for LIGHT signalling pathways in
the pathogenesis of HF.

P03. The TNF superfamily cytokine LIGHT – a new inflammatory mediator 
in heart failure
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Yndestad A1,6, Finsen AV2,6, Husberg C2,6, Øie E3,6, Damås JK1, Lipp M4, Gullestad L3,6,
Christensen G2,6, Aukrust P1,5

1 Research Institute for Internal Medicine, University Of Oslo 
2 Institute for Experimental Medical Research, Ullevaal University Hospital 
3 Department of Cardiology, Rikshospitalet-Radiumhospitalet Medical Centre
4 Max-Delbruck Centre for Molecular Medicine, Berlin, Germany
5 Section of Clinical Immunology and Infectious diseases, 

Rikshospitalet-Radiumhospitalet Medical Centre, 
6 Centre for Heart Failure Research, University of Oslo, Norway

Purpose: Chronic heart failure (HF) is in part characterized by immune activation and 
inflammation, potentially contributing to the development and progression of this disorder. 
The homeostatic chemokines CCL19 and CCL21 are, via their receptor CCR7, important 
regulators of lymphocyte and dendritic cell trafficking during immune surveillance. The 
aims of the present study were to examine the expression of this chemokine system in patients
with HF and study CCR7 -/- mice in a model for post-myocardial infarction (MI) HF. 

Methods and Results: Our main findings were that: (i) As determined by enzyme immunoassays,
HF patients in NYHA classes II-IV had elevated circulating levels of both CCL19 and CCL21 as
compared to healthy controls. (ii) Immunohistochemistry of explanted failing hearts localized
CCR7, CCL19, and CCL21 expression to cardiac myocytes, but staining of endothelial and smooth
muscle cells was also observed. (iii) CCR7 -/- mice showed increased heart weights to tibial
length ratios compared to wild type mice, indicating effects on myocardial growth. In accordance
with this, echocardiography demonstrated increased left ventricular chamber size, but preserved
myocardial function in CCR7 -/- mice. (iv) When subjected to MI, both CCR7 and wild type mice,
responded with a similar degree of myocardial remodeling (i.e., increased ventricular weights
and dimensions). However, we found significantly lower gene expression of atrial natriuretic
peptide in left ventricle of CCR7 -/- mice, indicating an effect on cardiac function.

Conclusion: Our findings in patients with chronic HF suggest that the CCL19/CCL21/CCR7-axis
may play a role in this disorder. Although, the precise pathophysiological role remains to be
determined, the cardiac phenotype of CCR7 -/- mice suggests that CCL19 and CCL21 can play a
role in regulating myocardial growth. Moreover, loss of CCR7 may contribute to preservation of
myocardial function post-MI.

P04. The homeostatic chemokines CCL19 and CCL21 are elevated in 
heart failure and may regulate myocardial growth and function
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Husberg C1,6, Nygård S1,6,7, Finsen AV1,6, Damås JK2, Frigessi A8, Øie E4,5,6, Gullestad L2,4,6, 
Wæhre A1,6, Andersson KB1,6, Aukrust P2,3, Yndestad A2,6, Christensen G1,6

1 Institute for Experimental Medical Research, Ullevaal University Hospital
2 Research Institute for Internal medicine, Rikshospitalet-Radiumhospitalet Medical Center
3 Section of Clinical Immunology and Infectious Diseases, 

Rikshospitalet-Radiumhospitalet Medical Center
4 Department of Cardiology, Rikshospitalet-Radiumhospitalet Medical Center
5 Institute for Surgical Research, Rikshospitalet-Radiumhospitalet Medical Center
6 Center for Heart Failure Research, University of Oslo
7 Department of Mathematics, University of Oslo
8 Statistics for Innovation, Department of Biostatistics, University of Oslo

Purpose: Inflammatory processes are activated in heart failure (HF), but the regulation of
cytokines and their role in the HF pathogenesis are not well understood. The purpose of the
present study was to identify cytokines not previously found regulated in HF, and to study
selected cytokines regarding their production and effects on cardiac cells.

Methods and Results: Alterations in gene expression during HF progression was screened by 
micro-array technology in non-infarcted left ventricular murine tissue obtained 3, 5, 7 and 14
days after ligation of the left coronary artery. In total, we identified 14 regulated genes encoding
cytokines with no previous association to HF. The strongest up-regulation was found for
fractalkine (CX3CL1) (verified by real-time PCR). Myocardial CX3CL1 mRNA expression was 
also increased in two other experimental HF models; a right-ventricular pressure overload 
model (constriction of pulmonary artery) and in a cardiomyopathy model (adult conditional
cardiomyocyte-specific Serca2 knock-out). 
In human failing hearts, we detected a 3-fold increase in CX3CL1 protein production and both
cardiomyocytes and fibroblasts revealed strong immunoreactivity of CX3CL1 and its specific
receptor CX3CR1. We also found that the circulating level of CX3CL1 was increased in patients
with chronic HF in accordance with disease severity (New York Heart Association functional
class). In vitro experiments demonstrated that CX3CL1 production could be induced by
inflammatory cytokines known to be highly expressed in HF. Using microarray technology 
we showed that cardiomyocytes stimulated with CX3CL1 had altered expression of genes
involved in leukocyte extravasation signaling and cytokine signaling, indicating a direct effect 
on cardiomyocytes.

Conclusion: Given the increased CX3CL1 production in several different experimental HF models 
and in patients with chronic HF, as well as direct effects on cardiomyocytes, we suggest that
CX3CL1/CX3CR1 interaction could be part of a common pathway in the pathogenesis of HF.

P05. Cytokine expression profiling of the myocardium reveals a role for 
fractalkine (CX3CL1) in heart failure
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Lunde PK1, Borge BÅS2, Stranda A3, Aronsen M1, Rehn TA1, Sjaastad I1, Kolset SO3, Wiig H2, 
Sejersted OM1, Iversen PO3

1 Institute for Experimental Medical Research, Ullevaal University Hospital, Norway
2 Department of Biomedicine, University of Bergen, Norway
3 Department of Nutrition, University of Oslo, Norway

Background: Patients with congestive heart failure (CHF) experience reduced skeletal muscle
exercise tolerance. The mechanism underlying this is not known. Studies have indicated that the
extracellular matrix (ECM) may be affected by the CHF condition. The signal from the failing
heart that trigger such changes has not been defined, and it is not known to which extent the
skeletal muscle itself contributes by sustaining and amplifying a local process. Hence, we have
examined various components of skeletal muscle ECM and interstitial fluid (IF) during
development of CHF. 

Methods: We used a post infarction model of CHF in rats. At various time points (3-112 days)
after induction of CHF, IF, blood and muscles were sampled. IF was extracted by wicks inserted
in muscles in the hind limb. Cytokines in plasma and IF were analyzed by multiplex technique,
while matrix-metalloproteinase (MMP) activity and collagen content in muscle samples were
determined with a gelatinase assay and colorimetric assay of hydroxyproline, respectively. 

Results: There was a transient increase in MMP activity and collagen content of skeletal muscle
at 42 days after induction of heart failure returning to control level at 112 days. Of the analyzed
cytokines, vascular endothelial growth factor (VEGF) in IF was significantly lower in CHF
compared to Sham at 3 and 10 days, and IL-18 was significantly upregulated in plasma of the
CHF animals at 112 days. Both these cytokines exhibited a large gradient from the muscle to
plasma, indicating a net production in the muscle.

Conclusions: The reduced exercise tolerance in CHF seems to be associated with MMP-induced
alterations in extracellular matrix. A reduced production of VEGF in muscles from the CHF
animals may have implications for the development of exercise intolerance in these animals. 
The high level of IL-18 in the IF compared to plasma, suggests that skeletal muscle may be 
a major contributor to the systemic level of this cytokine.

P06. Contribution of skeletal muscle to cytokine production in heart failure
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Larsen K-O123, Lygren B4, Sjaastad I2,3,5, Krobert KA3,6, Arnkværn K2,3, Florholmen G2,3, 
Ruud Larsen A-K7, Levy FO3,6, Taskén K4, Skjønsberg OH1, Christensen G2,3

1 Department of Pulmonary Medicine, Ullevål University Hospital, Oslo, Norway
2 Institute for Experimental Medical Research, Ullevål University Hospital, Oslo, Norway
3 Center for Heart Failure Research, University of Oslo, Oslo, Norway
4 The Biotechnology Centre of Oslo, University of Oslo, Oslo, Norway
5 Department of Cardiology, Ullevål University Hospital, Oslo, Norway
6 Department of Pharmacology, University of Oslo, Oslo, Norway
7 Department of Immunology and Transfusion Medicine, 

Ullevål University Hospital, Oslo, Norway

Introduction: We have previously reported right ventricular (RV) and left ventricular (LV)
diastolic dysfunction in mice subjected to alveolar hypoxia, possibly mediated by reduced 
serine (Ser) 16 phosphorylated phospholamban (PLB). 

Hypothesis: Reduction in Ser16 phosphorylated PLB observed in both ventricles during alveolar
hypoxia is a result of changes in the ß-adrenergic signaling cascade or in protein phosphatases
(PP). These changes are caused by a hypoxia-induced increase in levels of circulating mediators.

Methods: In mice exposed to 10 % oxygen for 14 days, signaling molecules were measured in
cardiac tissue, isolated sarcoplasmic reticulum (SR) and serum. Cardiomyocytes isolated from
neonatal mice were exposed to interleukin (IL)-18 for 24 hours. For measurements of Ser16
phosphorylated PLB in isolated cardiomyocytes, the cells were stimulated with 1 nM
isoproterenol for 5 min before harvesting.

Results: The levels of b-adrenergic receptors and ß-adrenergic receptor-stimulated adenylyl
cyclase activity in the ventricles and the amounts of protein kinase A subunits and A kinase
anchoring proteins in SR were not changed. Alveolar hypoxia increased the amounts of SR-
associated PP1 and PP2A in the RV (143 ± 16 % and 122 ± 6 %, respectively, n=7) and the LV 
(177 ± 27 % and 124 ± 12 %, respectively, n=7) compared to controls. In the LV free wall, which 
is not exposed to increased after-load, alveolar hypoxia increased both the total PP activity and
the PP2A activity to 165 ± 21 % and 271 ± 90 % of respective controls (n=5). Screening of an array
of cytokines in serum revealed that IL-18 concentrations in serum were substantially increased
after 1, 2, 7 and 14 days of hypoxia. IL-18 stimulation increased the amount and the activity of
PP2A to 134 ± 13 % (n=13) and 122 ± 8 %, respectively, of controls in isolated cardiomyocytes. 
A reduction in Ser16 phosphorylated PLB to 57 ± 9 % of controls (n=6) was measured in isolated
cardiomyocytes exposed to IL-18.  

Conclusions: Our data indicate that diastolic dysfunction in alveolar hypoxia is caused by
reduced Ser16 phosphorylated PLB and increased amounts and activity of protein phosphatase
2A at least partly mediated by elevated levels of IL-18.

P07. Diastolic dysfunction in alveolar hypoxia: A role for interleukin-18-induced 
increase in protein phosphatase 2A and reduction in phospholamban phosphorylation
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Bjørnstad J1,4, Sjaastad I2,3,4, Finsen AV2,4, Nygård S2,4, Karahasan A2,4, Christensen G2,4,
Tønnessen T1,4

1 Department of Cardiothoracic Surgery, Ullevaal University Hospital
2 Institute for Experimental Medical Research, Ullevaal University Hospital
3 Department of Cardiology, Ullevaal University Hospital
4 Center for Heart Failure Research, University of Oslo

Background: In severe aortic stenosis remodelling of the left ventricle takes place due to pressure 
overload, with development of concentric myocardial hypertrophy and fibrosis. Severe myo-
cardial remodelling induces diastolic dysfunction. There may be complete reverse remodelling 
of the myocardium after surgery for aortic stenosis. Mediators regulating reverse myocardial
remodelling are poorly described.

Aim: To establish a mouse model of reversible pressure overload of the left ventricle, and to
investigate if specific cytokines actively reverse myocardial remodelling.

Methods: C57Bl mice, seven weeks old, were subjected to banding of the ascending aorta. The
constriction resulted in pressure overload and left ventricular hypertrophy. Four weeks later the
constriction was removed in a debanding operation. Animals were euthanized three days after
debanding. Degree of stenosis, left ventricular mass and signs of pulmonary congestion were
evaluated with ultrasound. Gene expression in the left ventricle was analyzed with microarray
from Affymetrix and compared with hearts from animals euthanized before debanding (AB) and
sham operated animals (SDB).

Results: Expression of 401 of 45049 genes was increased after debanding versus AB and 537 
versus SDB. A series of enzymes, genes encoding collagens, growth factors and mediators with
pro-hypertrophic effect were downregulated after debanding. An active mediator for reverse
remodelling would be expected to be overexpressed both versus AB and SDB. This was the case
with 101 genes, mainly enzymes and transcription factors. Only one cytokine, visfatin, was up-
regulated versus both AB and SDB. We will now validate this observation and investigate the
effect of visfatin on myocardial remodelling. Visfatin is an adipocytokine with an insulin-mimetic
effect, and is associated with higher diastolic BP in obese children.

P08: Identification of mediators of reverse remodelling of the left ventricle
in a murine model of reversible pressure overload
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Center for Clinical Heart Research, Ullevaal University Hospital, Oslo, Norway and Department
of Cardiology, Rikshospitalet University Hospital, Oslo, Norway

Background/aim: The effects of intracoronary injections of mBMC on inflammatory responses are
not clarified. The aim of this study was to investigate the influence of intracoronary injections of
mBMC on circulating inflammatory mediators.

Materials/methods: 100 patients with AMI treated with percutaneous coronary intervention were
randomized to intracoronary injections of autologous mBMC or control group. Fasting blood
samples were drawn the day before stem cell transplantation (baseline), and after 1 day (Tx+1), 
3 days (Tx+3), 2-3 weeks and 3 months.

Results: Median values are given. In the mBMC group the levels of IL-6 increased significantly
from baseline to Tx+1 compared to a decrease in the control group; (6.6 to 8.2 vs 8.0 to 4.9
pg/ml); (p<0.01 for between group differences). The decrease in IL-6 in the mBMC group from
baseline to 2-3 weeks was less pronounced than in the control group; (6.6 to 4.4 vs 8.0 to 2.9
pg/ml) (p<0.05). During follow-up, CRP levels decreased in both groups, but to a lesser extent
from baseline to Tx+1 and Tx+3 in the mBMC group. From baseline to 3 months the levels of
TNFa were increased in the control group compared to the mBMC group; (1.9 to 2.1 vs 2.0 to 2.0
pg/ml), and the levels of MCP-1 increased to a greater extent in the control group; (234 to 285 vs
251 to 267 pg/ml) (p<0.05).

Conclusion: Intracoronary injection of mBMC in patients with AMI may induce a short-term pro-
inflammatory response, but possibly a slightly reduced inflammatory response after 3 months.

P09. Pro-inflammatory responses after intracoronary injections of autologous 
mononuclear Bone Marrow Cells (mBMC) in patients with Acute Myocardial Infarction (AMI)
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Abstract – In rat ventricle, activation of the Gq/11-coupled Prostanoid F receptor (FPR) increases
contractility and formation of inositol (1,4,5) trisphosphate (IP3) & diacylglycerol (DAG). 

Objectives: 1) Determine if the FPR inotropic effect is mediated by increased phosphorylation of
myosin light chain-2 (MLC-2) 2) Elucidate the signaling pathway(s) activated by FPRs to regulate
the phosphorylation state of MLC-2. 

Methods: Contractility was measured in left ventricular strips from adult male Wistar rats. 
Strips were also snap frozen and the phosphorylation level of both MLC-2 & myosin phosphatase
targeting subunit-2 (MYPT-2) was quantified. 

Results: Stimulation of the FPR with fluprostenol increased contractility by ~100% above basal
and increased phosphorylation of both MLC-2 (by ~30%) & MYPT-2 (by ~50%). The myosin light
chain kinase (MLCK) inhibitor ML-7 and an inhibitor of Ca++/calmodulin (W-7), the primary
activator of MLCK, reduced both the FPR inotropic effect & MLC-2 phosphorylation (by ~70 &
~40%, respectively). Inhibition of Rho-associated kinase (ROCK)  by Y-27632 reduced the FPR
inotropic effect & MLC-2 phosphorylation by ~45% and MYPT-2 phosphorylation by ~70%. 
ML-7 and Y-27632 together reduced contractility by ~82%. The FPR inotropic effect was modestly
reduced by IP3 receptor blockade (2-APB; by ~25%), but not by PKC inhibition. 

Conclusions: The FPR inotropic effect is mediated by increasing phosphorylation of MLC-2
through regulation of both MLCK and myosin phosphatase activity. IP3-mediated Ca2+

release may be involved in the FPR inotropic effect but PKC is not. Therefore, FPR signaling
mechanism(s) regulating MLC-2 phosphorylation likely extend beyond those currently 
established for Gq/11-coupled receptors.

P10. The prostanoid F receptor inotropic effect in rat left ventricle is 
mediated through enhancing myosin light chain phosphorylation
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Background: In chronic heart failure, the left ventricle becomes sensitive to serotonin (5-HT)
through appearance of functional Gs-coupled 5-HT4 receptors. Phosphodiesterase (PDE) 3 and 
4 account for >90% of the total cardiac cAMP PDE activity with PDE4 as the primary PDE
degrading cAMP activated by ß-adrenoceptors. 

Objective: Explore PDE involvement in the regulation of ventricular 5-HT4-mediated positive
inotropic effect (PIE) in failing rat and human heart.

Methods: Postinfarction CHF was induced in male Wistar rats by coronary artery ligation.
Contractility was measured in left ventricular papillary muscles. Phospholamban phosphory-
lation was measured by western blot analysis and cAMP by RIA.

Results: In rat papillary muscles 5-HT4 stimulation exerted a PIE accompanied by increased 
total cAMP and phospholamban phosphorylation. The PIE was increased by a non-selective PDE
inhibitor (IBMX, 10µM) and suppressed by the protein kinase A (PKA) inhibitor H89 (20µM)
indicating involvement of the cAMP-PKA pathway. The PDE4 inhibitor rolipram (10µM) did not
significantly increase the 5-HT4 response. The PDE3 inhibitor cilostamide (1µM) increased the PIE
of serotonin without changing the potency. Combined PDE3/4 inhibition further enhanced the
PIE and increased the sensitivity to serotonin. Stimulation of the 5-HT4 receptors significantly
increased the cAMP levels in the presence of PDE3 and PDE4 inhibitors which correlates
accordingly with PIE that was exerted by serotonin in the presence respective PDE inhibitor. 
In failing human ventricle PDE3 but not PDE4 inhibition significantly increased the PIE. 

Conclusions: The inotropic response to 5-HT4 receptor stimulation is mediated through cAMP
and PKA. PDE3 is the main PDE regulating this response and the involvement of PDE4 is
demasked by inhibition of PDE3.

P11. 5-HT4-mediated positive inotropic response is regulated by 
phosphodiesterase 3 in failing rat heart and human ventricle
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Background: Alpha-1-adrenoceptors (α1-ARs) play a complex role in heart failure. Clinical trials
with α1-AR antagonists in heart failure patients have shown negative outcome, and in various
transgenic mouse models of heart failure α1-ARs have been shown to preserve cardiac function
and to increase survival. Therefore, although these receptors induce hypertrophy in cardio-
myocyte cultures, α1-AR stimulation seems to be beneficial in heart failure. The mechanisms
underlying these findings remain unknown. An interesting model to study the role of α1-ARs in
heart failure is the mouse with cardiomyocyte specific inducible deletion of the Serca2 gene. This
deletion is associated with development of acute heart failure. Cardiac function is gradually
reduced until day 6 after induction of gene excision, after which myocardial contractile function
gradually improves in face of a progressive SERCA2 loss. Regulation of compensatory
mechanisms is not known. 

Hypothesis: α1-AR signalling is important for the compensatory mechanisms operating during 
acute heart failure. Firstly, increased α1-AR mediated positive inotropic response increases
cardiac contractility. Secondly, increased α1-AR activation induces upregulation of proteins
important for improving myocardial contractility. 

Methods: Left ventricular strips were harvested at different time points after excision of the
Serca2 gene, and contraction-relaxation-cycles were recorded in the absence and presence of 
α1-AR agonist. 

Results: Preliminary results show no alterations in α1-AR mediated positive inotropic response
(PIR) 4 days after gene deletion. 6 days after deletion the PIRs were of the same magnitude, 
but the early negative component in the triphasic response was absent. After 12 days, α1-AR
mediated PIR is increased compared to control.

Conclusion: α1-AR mediated PIR is altered both in development and amplitude after deletion 
of the Serca2 gene. The data suggest that alpha-1- AR has an important role in regulation of
compensatory mechanisms of contractility in Serca2 KO mice, and in further experiments we 
will test the effect of alpha-1-AR blockers on in vivo contractile function. 

P12. Role of alpha-1-adrenergic signalling in Serca2 knockout mice.
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Background: Under physiological conditions, expression of myocardial CTGF is repressed in the 
postnatal heart. However, in heart failure of various etiologies myocardial CTGF is dramatically
induced.  Since cross-talk between receptor tyrosine kinases and ß-adrenergic signaling has
previously been reported, the aim of this study was to investigate to what extent CTGF signaling
affects efficacy ß-adrenergic agonists, and if so, through what mechanisms.

Methods and results: Transgenic mice with cardiac-restricted overexpression of CTGF (Tg-CTGF) 
were employed and compared with nontransgenic littermate control mice (NLC).
Stimulation of ventricular muscle strips with increasing concentrations of the ß-adrenergic
receptor agonist isoproterenol revealed substantial inhibition of maximal developed contractile
force in muscle fibers from Tg-CTGF vs. NLC mice. Primary cultures of adult mouse cardiac
myocytes also exhibited attenuated cAMP synthesis in response to isoproterenol in cardiac
myocytes from Tg-CTGF versus NLC mice. Indeed, similar reduction of maximal efficacy of
isoproterenol was observed in ventricular muscle trips and isolated cardiac myocytes. Further-
more, no differences in maximal contractile responses to the cAMP analog dibutyryl-cAMP
was detected. Analysis of [125I]-iodocyanopindolol binding did not disclose alternations in 
ß-adrenergic receptor densities on cardiac myocytes from Tg-CTGF mice versus NLC mice.
Chronic exposure to isoproterenol for 14 days delivered subcutaneously through mini-osmotic
pumps revealed less myocardial hypertrophy and preserved cardiac function as compared to
NLC mice. Our data provide evidence that ß-adrenergic receptors on cardiac myocytes from 
Tg-CTGF mice are functionally desensitized. The mechanism of ß-adrenergic receptor
desensitization in Tg-CTGF heart are currently under investigation.

Conclusion: CTGF desensitizes ß-adrenergic receptor signaling in the heart. Reduced
responsiveness of ß-adrenergic receptors on cardiac myocytes may contribute to cardioprotection
and prevention of heart failure.

P13. Connective tissue growth factor (CTGF/CCN2) desensitizes myocardial
ß-adrenergic receptor signaling and inhibits isoproterenol induced hypertrophy.
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Background: Myocardial expression of connective tissue growth factor (CTGF) is dramatically
induced in heart failure (HF) of diverse etiologies. However, the physiologic and pathophysio-
logic roles of myocardial CTGF remain unresolved.

Methods and Results: To elucidate the actions of myocardial CTGF and its putative role in 
HF, transgenic mice with cardiac-restricted (α-MHC promoter) overexpression of CTGF were
generated. Transgenic CTGF (Tg-CTGF) mice had slightly lower cardiac mass than that of non-
transgenic littermate controls (NLC) (heart weight/tibia length of 4 months old male Tg-CTGF
vs. NLC; 58.9±2.7 vs. 68.1±1.2 mg/cm, p<0.05). Consistently, echocardiography revealed slightly
smaller left ventricular (LV) dimensions in Tg-CTGF vs. NLC mice. Simultaneous in vivo LV
pressure-volume analysis did not disclose significant alterations of contractility and cardiac
output, nor evidence of restrictive left ventricular dysfunction in Tg-CTGF vs. NLC mice.
Analysis of myocardial gene expression by real-time qPCR revealed increased expression of
antihypertrophic TGF-ß2 and GDF-15 mRNA, and decreased expression of EGF mRNA in 
Tg-CTGF vs. NLC mice. Also, increased myocardial expression of ER stress response genes and
scavengers of free oxygen radical were detected. Tg-CTGF and NLC mice were subsequently
subjected to chronic pressure overload by abdominal aortic banding (AB) or sham-operation
(SH). Four weeks after AB, significant elevations of cardiac mass were observed both in 
Tg-CTGF-AB and NLC-AB mice. However, cardiac hypertrophy was significantly diminished 
in Tg-CTGF-AB versus NLC-AB. Simultaneous PV-analysis provided evidence of cardiac
dysfunction in NLC-AB mice, i.e. significantly increased LVEDD, LVEDP, and decreased 
stroke volume and cardiac output compared to NLC-SH mice. Strikingly, Tg-CTGF-AB revealed
essentially preserved LV pressure-volume relations. Elevations of myocardial BNP mRNA levels
were significantly attenuated in Tg-CTGF-AB compared to NLC-AB mice.

Conclusion: Myocardial CTGF exerts antihypertrophic effects and preserves left ventricular
function due to pressure overload and delays onset of HF.

P14. Connective tissue growth factor inhibits myocardial growth, elicits cardio-protective 
signaling, and preserves myocardial function in chronic pressure overload
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Liu X-H, Zhang Z-Y, Sun S, Cai L-R 

Department of Pathophysiology, PLA General Hospital, Beijing 100853, China

Background: Ischemic postconditioning (I-postC) is a newly discovered endogenous protective
mechanism capable of protecting the myocardium from ischemia/reperfusion (I/R) injury. 
I-postC can be evoked by applying cycles of brief intermittent interruption of blood flow to the
myocardium during the early reperfusion after a prolonged period of ischemia. This will protect
the heart against myocardial infarction and reduce coronary endothelium dysfunction to an
extent comparable to ischemic preconditioning (IPC). The fact that I-postC can be applied after 
a prolonged period of ischemia offers a novel approach to myocardial protection. It has been
suggested that I/R injury causes endoplasmic reticulum (ER) stress-related apoptosis and 
I-postC attenuates apoptosis induced by I/R.  The purpose of the present study was to determine
whether I-postC attenuation of I/R injury involves reductions in E/R stress mediated through
signaling by mitogen-activated protein kinases (MAPKs).

Methods: A rat myocardial ischemia reperfusion model was used. Electron microscopy and 
flow cytometry were used to quantitate cardiomyocyte apoptosis. Myocardial expression of 
calreticulin, caspase-12 and activation of caspase-12, p38 MAPK, and JNK in myocardium or
cardiomyocytes were measured by Western blots.

Results: It is found that I-postC protects the I/R heart against myocardial infarction and H-postC
protects neonatal cardiomyocytes from hypoxia/reoxygenation-induced apoptosis to an extent
comparable to ischemic preconditioning. I-postC suppressed I/R-induced ER stress, as shown 
by a decrease in expression of CRT and caspase-12 activation. H-postC upregulates p38 MAPK
phosphorylation and downregulates JNK phosphorylation in cardiomyocytes subjected to H/R.

Conclusion: These results indicate that I-postC protects cardiomyocytes from I/R injury through
suppressing ER stress by balancing the activation of p38 MAPK/JNK.

P15. Ischemic postconditioning protects myocardium from ischemia/ 
reperfusion injury through attenuating endoplasmic reticulum stress

24



Stensløkken K-O1,2, Rutkowsky A2, Kaljusto M-L3, Dahl MB2, Vaage J1,2

1 Department of Surgery, Faculty Division Ullevaal University Hospital, University of Oslo
2 Department of Emergency Medicine, Ullevaal University Hospital
3 Department of Cardiothoracic Surgery, Ullevaal University Hospital

Background: We recently found that postconditioning is effective in rats in vivo, but not in 
the isolated perfused rat heart. Cytoplasmic protein kinases are important for pre- and post-
conditioning. We hypothesized that harvesting and perfusion of the heart may per se activate
these protein kinases.

Material and methods: Two series with three groups in each on male wistar rats was performed.
Series one: (n=6 all groups): 1) Controls, rapid sampling of rat hearts without perfusion, 
2) Isolated hearts perfused for 20 minutes, 3) Isolated hearts perfused for 50 minutes.
Series two: (n=6 all groups): 1) Controls, rapid sampling of rat hearts without perfusion, 
2) Isolated hearts perfused for 20 minutes without balloon, 3) 20 min of perfusion with balloon.
Samples from all 3 groups were taken for Western blot analysis with antibodies against the
following protein kinases (phosphorylated): pAKT, pERK, pJNK, pP38, pAMPK

Results: Series one: Fig 1) Twenty minutes of perfusion induced a 6-fold increase (p<0.01) of the
phosphorylated level of pERK, pP38, pJNK and pAMPK. In contrast pAKT was downregulated 
(-22 ± 13%, p=0.05). Perfusing the hearts for additional 30 minutes reduced the level of pERK 
and pP38, together with a further decrease in the phosphorylated level of pAKT. However, the
phosphorylated levels pERK, pP38 and pJNK were still significantly higher than in the non
perfused controls after 50 minutes of perfusion.
Series two: Fig 2) When the heart was perfused without the balloon, the phosphorylated level of
pERK, pJNK, pAKT and pP38 was reduced compared to the group with balloon. In contrast the
balloon had no effect on pAMPK activation

Conclusion: Harvesting and perfusing the heart activates known signaling pathways of pre- 
and postconditioning and the balloon is important in activating these kinases.
This may in some situations interfere with studies on cardioprotection because weaker cardio-
protection are hidden 

P16. Perfusion activates pro-survival kinases in isolated rodent hearts
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2 Institute of Medicine, Univ. of Bergen, Norway

Myocardial fatty acid (FA) oxidation is regulated acutely by the FA supply and chronically by
changes at the gene transcriptional level via the PPAR family. The aim of the present study was 
to examine the effects of tetradecylthioacetic acid (TTA, a pan PPAR agonist) on myocardial
metabolism and ventricular function. Balb/c mice were treated for 8 days with TTA (0.5%, added
to the diet). Using the isolated working heart we examined myocardial FA and glucose oxidation,
cardiac efficiency (the relationship between myocardial work (pressure-volume area, PVA) and
myocardial oxygen consumption (MVO2)) as well as functional recovery following 40 min low-
flow ischemia.

In contrast to pervious reports showing no changes in cardiac metabolism following PPAR
treatment of normal mice, TTA treatment caused a 2.4 fold increase in myocardial FA oxidation
with a concomitant reduction in glucose oxidation. Hearts from TTA-treated mice showed a
marked reduction in cardiac efficiency, due to a near two-fold increase in the oxygen used for
non-contractile processes (i.e. unloaded MVO2). These hearts also showed decreased recovery of
ventricular function following low-flow ischemia. We conclude that TTA have a direct and strong
stimulatory effect on FA oxidation in the normal mouse heart. This elevation of myocardial FA
oxidation leads to a marked increase in MVO2 which could contribute to the reduced ischemic
tolerance.

P17. PPAR activation is associated with cardiac inefficiency and reduced 
ischemic recovery
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The aim of the present work was to identify oxidative stress during ischemia-reperfusion in
humans. In three clinical studies (S) on patients treated with elective PCI (S1, N=38); primary 
PCI (S2, N=16), and elective CABG (S3, N=20) we have followed levels of 8-iso-PGF2α (a major
isoprostane, and a marker of oxidative stress in vivo) and Troponin T in blood samples taken at
multiple timepoints before, during and after procedures. 8-iso-PGF2α increased from baseline
level (median 62, 30 and 192pM) in S1, 2 and 3 respectively to 104, 72 and 423pM after
revascularization. In S3 we observed a stepwise rise with elevation after start of surgery and 
a non-significant further increase after onset of cardiopulmonally bypass (CPB) and after
reperfusion. No correlation between 8-iso-PGF2α and Troponin T was found. Baseline levels 
of plasma 8-iso-PGF2α differ in all groups with lowest level among the patients with acute
myocardial infarction S2), and the highest level among the patients with stable angina recruited
for CABG (S3). These patients are reflecting the status of treatment with acetylsalicylic acid (ASA)
and heparin.

Conclusions: Oxidative stress in the form of isoprostane release was observed during all
procedures. However, following CABG isoprostane release was related to the surgical trauma
rather than to CPB or reperfusion. Oxidative stress is a multifactorial process with complex
interactions between pro- and antioxidant factors. Drugs in common use like ASA and heparin
may reduce oxidative stress in a clinical setting.

P18. Oxidative stress and the ischemic heart
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During ischemia-reperfusion the heart may use energy substrates such as amino acids and
lactate. In cardiac surgery, high concentrations of glutamate in cardioplegic solutions enhances
myocardial protection. However, neither the metabolic role of glutamate nor the expression of
glutamate transporters are well characterized in the heart. We used immunoisolation and Western
blotting to identify and quantify cardiac content of glutamate transporters, and identified 
(in man and rat) subtype 1, 3, and 4, but not 2. We used a novel high affinity blocker, LLTBOA, to
investigate the functional roles of glutamate transporters in ischemia and reperfusion. LL-TBOA
blocks all glutamate transporter subtypes, thereby preventing uptake and leakage of glutamate
due to reversal of the transporters during ischemia. Rat hearts were isolated and perfused with
1,6 mM LL-TBOA for 5 min before 30 min of induced global ischemia and 60 min of reperfusion
(n=7). Hearts perfused with the solvent DMSO (n=5) or no pretreatment (n=7) were used as
controls. Infarct size was evaluated by triphenyl tetrazolium chloride staining. LL-TBOA reduced
infarct size from 32±15% in controls to 17±5% (mean±SD) in LL-TBOA (p=0.007), but DMSO had
no effect (35±6%). In conclusion, the heart expresses three glutamate transporters. Blockage of
glutamate transporters has a beneficial effect against ischemia-reperfusion injury, mimicking the
effect of high glutamate concentrations.

P19. Blockage of glutamate transporters attenuates ischemic injury in 
isolated perfused rat hearts
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The SERCA2 Ca2+ATPase is of central importance for refilling of the sarcoplasmic reticulum (SR)
Ca2+ store and cardiac contractility. Reduced SERCA2 function is associated with heart failure in
animal models of heart failure and in human patients. We hypothesized that loss of SERCA2
would result in immediate severe myocardial contractile dysfunction and death. In a new
transgenic mouse model, the Serca2 (Atp2a2) gene is excised in the cardiomyocytes by tamoxifen
administration in adult animals. We have previously shown that SERCA2 expression is reduced
to a background level (<5%) in the myocardium within 3 week and is not detectable in isolated
cardiomyocytes at 4 weeks. At the 4 weeks time point, cardiac function was remarkably well
preserved. We found that the left atrial diameter, lung mass and left-ventricular end-diastolic
pressure (LVEDP) were slightly increased in SERCA2KO mice compared with controls, and the
maximal rates of pressure development and decline in the left ventricle were affected with a
prolongation of the ventricular relaxation time. Furthermore, calcium cycling over the plasma
membrane was enhanced and the relationship between calcium transients and contractions
suggested an enhancement of myofilament Ca2+ responsiveness.

Seven to eight weeks after deletion of the Serca2 gene, SERCA2KO mice developed severe
terminal congestive heart failure with poor contractile function, elevated LVEDP and pronounced
increases in lung and atrial mass. SERCA2KO hearts developed dilated atria and right ventricle,
but only a modest increase in right ventricular mass. In contrast, the left ventricle did not dilate
and the left ventricular mass was unaltered in SERCA2KO mice compared with controls. Even so,
mRNA transcripts regarded as hypertrophy markers, such as b-myosin heavy chain, ANP and
BNP, were strongly induced in the left ventricle at 7 weeks. With the exception of b-myosin heavy
chain, contractile protein transcripts were unchanged or modestly altered. Thus, SERCA2KO mice
at the 7 week time point did not reflect the typical hypertrophic response seen in post-infarction
or pressure overload heart failure mice. Throughout the time course (1-7 weeks), there was no
major visible myocardial disarray, with a scattered modest deposition of collagen surrounding
individual fibers.

In conclusion, loss of SERCA2 function in the cardiomyocytes  and poor cardiac function per se
does not induce a left ventricular hypertrophic response. Furthermore, the mechanisms that
compensate for the loss of SERCA2 at earlier time points (<4 weeks) are not sufficient for long-
term support (>7 weeks) of heart function in adult SERCA2KO mice.

P20. Deletion of Serca2 in the adult mouse heart results in end-stage heart
failure after 7 weeks without left ventricular hypertrophy
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Background: Reduced activity of the sarcoplasmic reticulum Ca2+ ATPase (SERCA2) is believed
to impair myocardial contractile function. However, myocardial function is only slightly reduced
by chronic loss of SERCA2, possibly due to compensatory increase in sarcolemmal Ca2+ cycling.
The effect of an isolated reduction in SERCA2 activity on systolic and diastolic myocardial
function is not known. 

Hypothesis: An isolated reduction in SERCA2 activity induces both diastolic and systolic
dysfunction in SERCA2 KO mice. 

Methods: Deletion of the Serca2 gene was induced in the SERCA2 conditional and cardiospecific
knockout mouse by i.p. injection of tamoxifen. Cardiac function was evaluated from day 0 to day
6 with a Vivid 7 echocardiograph equipped with an i13L scan-head. Protein levels of SERCA2,
Na+/Ca2+ exchanger (NCX), phospholamban (PLB) and serin 16 phosphorylated PLB were
quantified by Western blotting. Cardiomyocytes from SERCA2 KO and control mice were isolated
and loaded with fluo-4. Calcium transients and caffeine responses were recorded. 

Results: Three days after induction of gene excision, the mice had impaired in vivo diastolic 
and systolic function. Cardiac function decreased further until day 6. SERCA2 protein was not
significantly reduced at day 3, but was reduced by 15% and 35% at day 4 and 6, respectively. The
level of NCX protein increased at day 6, while PLB protein abundance was unchanged. Isolated
cell function was studied. 

Conclusion: Deletion of the Serca2 gene leads to systolic and diastolic dysfunction, even before
we can detect any significantly reduction of SERCA2 protein levels. Compensatory changes in
expression of other calcium handling proteins might compensate for the reduction in SERCA2
activity from day 6 after Serca2 gene deletion. 

P21. Acute loss of SERCA2 induces both diastolic and systolic myocardial 
failure
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Ca2+-dependent inactivation of L-type Ca2+ current (ICa,L) is an important mechanism for limiting
Ca2+ entry and Ca2+ overload in cardiomyocytes. Moderate diastolic depolarization and
increasing frequency of stimulation are however reported to augment Ca2+ entry through a 
Ca2+-dependent mechanism. This phenomenon is referred to as facilitation of ICa,L and
sarcoplasmic reticulum (SR) released Ca2+ may be important for this response. By employing a
cardiac-specific Serca2 knock-out (KO) mouse with blunted SR function we have investigated the
importance of SR function with regard to ICa,L facilitation. Serca2 flox/flox (FF) mice served as
controls. Experiments were performed on enzymatically isolated cardiomyocytes from the left
ventricle (22ºC). Application of 10 mM caffeine on Fluo-4 loaded cardiomyocytes elicited Ca2+

release in only 42% of KO cells vs. 100% in FF, and he magnitude of the caffeine elicited Ca2+

transients from KO cells with response was reduced by 82% compared to FF. Measurements of
Ca2+ transients (1 Hz) in the presence and absence of caffeine showed that SR Ca2+ contributed to
86±3% of the Ca2+ transient in FF and only 7±11% in KO. The whole-cell patch clamp technique
was used to record membrane currents. Moderate diastolic depolarizations induced depressed
facilitation of ICa,L in KO calls compared to FF. Compared to ICa,L elicited from a diastolic holding
potential of -80 mV, the greatest degree of facilitation was observed -40 mV. The integrated ICa,L
was then increased by 10±4% in KO vs. 72±11% FF (P<0.05). Increasing the frequency of 
stimulation from 0.1 to 1 Hz induced a 68±15% (P<0.05) increase in integrated ICa,L in contrast to 
no significant change in KO. Thus, Serca2 KO induces a blunted SR function which is associated 
with a severe depression of frequency-, and voltage-dependent facilitation of ICa,L.

P22. Depressed facilitation of L-Type Ca2+ current in murine cardio-
myocytes with blunted sarcoplasmic reticulum function
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Introduction: Calcium waves are the result of spontaneously released Ca2+ from the sarcoplasmic 
reticulum (SR) in diastole. Ca2+ release from one region of the cell can trigger release from
adjacent RyR/SR Ca2+ release units leading to a wave of Ca2+ induced Ca2+ release that
propagates throughout the cell. Ca2+ waves thus created are potentially arrhythmogenic through
activation of the Na+-Ca2+-exchanger (NCX) inducing delayed afterdepolarisations (DADs). It has
been suggested that this could be a mechanism for arrhythmia in heart failure, a situation where
the activity of the cardiac SR Ca2+ ATPase (SERCA2a) is decreased. The role of SERCA2a in Ca2+

wave development is unresolved.

Hypothesis: Decreased levels of SERCA2a increase the propensity for Ca2+ wave development.

Methods: Ca2+ waves are studied in isolated cardiomyocytes from conditional and cardiospecific
Serca2 gene knockout mice 4 days after induction of deletion of the Serca2 gene. Ca2+ waves are
induced by high external Ca2+ concentrations and analysis of SR Ca2+, cytosolic Ca2+ and sarco-
lemmal Ca2+ fluxes are performed by simultaneous whole cell voltage clamp technique and Ca2+

imaging using fluo-5F salt. By comparing the rate of decline of the Ca2+ transient with the
decrease in cytosolic Ca2+ in situations with inhibited SERCA2 or SERCA2 and NCX, the activity
of the individual Ca2+ transporters can be calculated. This is used to compare the SERCA2
activity with the SR Ca2+ level at which Ca2+ waves develop. 

Results and preliminary conclusion: 4 days after induction of Serca2 gene excision SERCA2a
protein levels are reduced by an average of 15%. However, individual cardiomyocytes from these
animals have different levels of SERCA2 protein activity. Ca2+ waves can be induced in these cells
and produce inward currents. The future experiments of this study aim to show whether such
waves develop at a lower SR Ca2+ level with decreasing SERCA2a activity.

Supported by Helse Øst1,2,4 and The British Heart Foundation3

P23. The role of SERCA2a in calcium wave development
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Recent reports suggest that the α2-isoform of the NKA plays a special role in regulation of con-
tractility in cardiomyocytes, probably through intimate crosstalk with the Na+/Ca2+-exchanger
(NCX). Downregulation of the α2-isoform in cardiomyocytes from rats with congestive heart
failure (CHF) could therefore importantly contribute to altered contractility. Six weeks after
ligation of the left coronary artery, CHF was confirmed by haemodynamic measures and
increased lung weight. Western blots of left ventricle protein homogenates showed a 74% down-
regulation of the α2-isoform (CHF vs. Sham, p<0.01). In voltage clamp experiments, a low dose
(0.3 µM) of ouabain specifically blocked the α2-isoform. In cardiomyocytes from Sham hearts, 
this low dose reduced NKA current (INKA) density by 8.3%, but gave a reduction of only 2.3% in
cardiomyocytes from CHF hearts. In detubulated cardiomyocytes, the low dose of ouabain
reduced the INKA by 4.0% in Sham, but there was no significant reduction in CHF, indicating that
the loss of the α2-isoform occurs mainly in the t-tubules. In Sham, abrupt activation of INKA led to
a decrease in NCX current (INCX), presumably due to local depletion of [Na+]i in the vicinity of
NCX. This decrease was smaller when the α2-isoform was downregulated (CHF) or inhibited
(ouabain in Sham), indicating that the α2-isoform is necessary to modulate local [Na+]i close to
NCX. Despite the apparent low abundance of α2-isoforms, blockade by ouabain increased
contractility by 31±5% in Sham, but by only 15±5% in the CHF group.
We conclude that downregulation of the α2-isoform in the t-tubules causes attenuated control of
NCX activity in CHF, leading to Ca2+ mismanagement.

P24. Downregulation of the Na+/K+-ATPase (NKA) α2-isoform in ventricular 
myocytes from rats with congestive heart failure
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In heart failure, cardiomyocytes exhibit slowing of the rising phase of the Ca2+ transient which
contributes to the impaired contractility in this condition. We investigated the underlying
mechanisms in a murine model of congestive heart failure (CHF). Myocardial infarction (MI) was
induced by left coronary artery ligation, and at 10 weeks post-MI, mice exhibited symptoms of
CHF including reduced cardiac function and increased lung weight. Cardiomyocytes were
isolated from viable regions of the septum, and septal myocytes from SHAM-operated mice
served as controls. Ca2+ transients (fluo-4 AM, 1Hz) rose markedly slower in CHF than SHAM
myocytes, as indicated by longer time-to-peak measurements (CHF=172±13% of SHAM, P<0.05).
Slowing of Ca2+ release in CHF partly resulted from a slower rise time of Ca2+ sparks
(SHAM=9.5±0.6 ms, CHF=11.5±0.6 ms, P<0.05), the fundamental units of sarcoplasmic reticulum
Ca2+ release. There was also greater variability in rise time measurements in CHF than SHAM.
This was associated with less uniform Ca2+ release across the cell, as observed by confocal line-
scans. The prolonged action potential in CHF also contributed to slowing of Ca2+ release by
increasing time-to-peak values, but not by altering Ca2+ release synchrony. Finally, we observed
disorganized T-tubules in CHF myocytes with irregular gaps between adjacent tubules. Regions
of delayed Ca2+ release occurred at these gaps which additionally contributed to the slowed and
non-uniform Ca2+ transient in CHF. Thus, slowing of Ca2+ release in CHF exhibits spatially
uniform and non-uniform components, resulting from alterations in Ca2+ spark kinetics, action
potential configuration, and T-tubular structure.

P25. Alterations in Ca2+ sparks, action potentials, and T-tubules promote 
slowing of Ca2+ release in failing murine cardiomyocytes
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Background: The aim of the study was to get a quantitative expression of structural changes of
the extensive tubular system inside the cells (t-tubules, TT) that communicates with the surface
membrane. The TT seems to become disorganized in cells from failing hearts. In failing hearts
contractions are weak and the alterations in the TT system may be linked to this dysfunction.

Methods: The TT-network of isolated cardiomyocytes from both normal (Sham) rats and rats 
with post infarction congestive heart failure (CHF) was visualized by staining (Di-8-ANEPPS).
Confocal line-scan images (Zeiss LSM510, x63 water immersion objective, 2048x600pix) were
deconvolved using Huygens Essential software (SVI, The Netherlands), and resized to 250x73pix
(ImageJ, http://rsb.info.nih.gov/ij/) before analysis of the changes in TT-structure. Mean pixel
intensity values measured in individual images served as threshold value to generate binary
images. The 1 and 2-dimensional (D) power spectrum of each image was then measured as the
magnitude of the 1D and 2D spatial fast Fourier transform computed by the FFT tool in Matlab
(MathWorks, Natick, Massachusetts). The power spectrums for both dimensions were inter-
polated since pictures were acquired with different pixel spacing. The interpolated power
spectrums of the cells were summed to produce plots of average power for each group 
(Sham vs CHF).

Results: The images from the CHF-group show less continuous staining of TT in the transverse
direction and more apparent TT in the longitudinal direction. The 1D plot showed sharp power
peaks at regular intervals (spatial frequency of 0.54 µm1 equal to a distance of 1.85 µm),
corresponding to TT in the transverse direction. However, in the CHF group, the power was
lower at these regular intervals reflecting altered organization of TT. Moreover, the power was
increased between peaks in the power spectrum of CHF, suggesting increased occurrence of 
t-tubule segments in the longitudinal direction.

Conclusion: The CHF-group had a more disorganized pattern of the TT-network compared 
to Sham: less continuous staining in the transverse direction and more apparent TT in the
longitudinal direction.

P26. Digital image processing to quantify structural changes of isolated 
cardiac cells
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Ca2+ signaling in the dyadic cleft in ventricular myocytes is fundamentally discrete and
stochastic. We have studied the stochastic binding of single Ca2+ ions to receptors in the cleft
using two different models of diffusion; a stochastic and discrete Random walk (RW) model, and
a deterministic continuous model. We investigate if the latter model, together with a stochastic
receptor model, can reproduce binding events registered in fully stochastic RW simulations. By
evaluating the continuous model goodness-of-fit we present evidences that it can. Further we
show that the large fluctuations in binding rate, observed at the time level of single time steps are
integrated and smoothed at the larger time scale of binding events, explaining the continuous
model goodness-of-fit. With this we demonstrate that the stochasticity and discreteness of the
Ca2+ signaling in the dyadic cleft, determined by single binding events, can be described with a
deterministic model of Ca2+ diffusion together with a stochastic model of the binding events,
letting us avoid more time consuming RW simulators. We also present a new analytical model 
of bi-molecular binding probabilities that is used in the RW simulations, and in the statistical
analysis. The study contributes both to the development of intracellular reaction-diffusion 
simulators, and to the fundamental understanding of what these models actually represents.

P27. Stochastic binding of Ca2+ ions in the dyadic cleft; 
continuous vs Random walk description of diffusion
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During isometric contractions the slow twitch soleus muscle from rats with CHF is slower and
less fatigue resistant than in sham operated rats (Lunde et al., J.Physiol. (Lond) 540:571, 2002).
However, at physiological conditions a working muscle normally shortens. We therefore stimu-
lated in situ prepared soleus at 30Hz and allowed the muscle to shorten isotonically after the
force had reached 1/3 of maximum isometric force. The muscles with intact blood supply were
stimulated intermittently (1s on 1s off, 15 minutes) at 37ºC. CHF rats were used 6 weeks after
ligation of the left coronary artery. Sham operated rats served as control (SHAM). Shortening and
contraction/ relaxation rates were not different in the two groups at start of stimulation. Initially
the soleus of SHAM rats showed a transient slowing of contraction and relaxation rate subsiding
after 5 min in the isometric part of the protocol, more pronounced than in CHF rats. Both groups
showed a gradual decline of the isotonic shortening during the first 5 minutes. This decline was
greater for the SHAM muscles, so during the last 10 minutes these muscles shortened less than
the CHF-muscles. The rate of shortening was also faster in CHF muscles compared to SHAM, and
efficiency of the isotonic contraction was better in the CHF than SHAM muscles. A «slack test»
performed before the protocol showed that the maximal unloaded shortening velocity was 
not different between SHAM and CHF rats. Thus, contrary to expectations, during isotonic con-
tractions the soleus muscle of CHF rats was faster and more fatigue resistant than in SHAM rats.

P28. Dynamic properties of slow twitch skeletal muscle from rats with 
congestive heart failure (CHF)
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Patients with chronic heart failure develop a parallel skeletal muscle myopathy, leading to
increased fatigability. Alterations have been found in regulatory proteins involved in the intra-
cellular calcium (Ca)-homeostasis, in the cytosolic Ca transients and subsequent force production
during fatiguing isometric contractions. This study investigates whether the Ca-sensitivity of
force production by the actin-myosin complex is altered in CHF, both in resting and fatigued
muscle.
CHF was induced in male Wistar rats by coronary artery ligation. Six weeks after primary
surgery, one soleus muscle was prepared in situ. The muscle was stimulated to contract
isometrically (5Hz, 6s on and 4s off) for 30 minutes. The contralateral muscle served as resting
control. Following the fatigue-protocol, the muscles were excised and pinned in a Petri-dish
under paraffin oil and kept on ice. From the muscle, single fibers were dissected, and mechani-
cally skinned. The fibers were attached to a force transducer, and the actin-myosin complex
directly activated by transferring the fibres sequentially into solutions with strongly buffered
[Ca2+] (range 0-20µM free Ca2+). From the force-Ca curves the calcium-sensitivity and the
maximum Ca-activated force were obtained.
In resting muscles, no differences were found in maximum Ca-activated force or the Ca-
sensitivity between SHAM operated animals and CHF. In fatigued muscle, the Ca-sensitivity 
was unaltered compared to resting contralateral in both SHAM and CHF. Maximum Ca-activated
force as expressed per fibre cross-sectional area was reduced less in CHF than in SHAM (11% in
CHF, 33% in SHAM). However, the cross-sectional area had increased significantly in the SHAM
fibers (44%) during the fatiguing contractions, whereas in CHF it was unchanged. 
Taking into consideration cell swelling in SHAM fibers and the lack of cell swelling in CHF, the
maximum Ca-activated force was reduced in fatigued muscle in CHF whereas in SHAM it was
not.

P29. Calcium sensitivity of actin-myosin force development in skeletal 
muscle in CHF
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Heart failure patients often experience reduced exercise capacity and excessive muscle fatigue.
One of the hypotheses concerning the mechanisms of fatigue is that intrinsic alterations in the
sarcoplasmatic reticulum (SR) Ca2+ uptake and/or release properties limit activation of the
contractile apparatus and reduce force output. SR Ca2+ ATPase (SERCAs) pumps cytosolic Ca2+

into the SR, enabling the muscle to relax following contraction. It has been reported a reduction
in the activity or pump rate of SERCA in muscles after exercise. SERCA proteins exist as 3 family
members. SERCA1, expressed in fast skeletal muscle fibers, SERCA2, expressed in slow skeletal
muscle fibers and the heart and SERCA3, expressed in various non-muscle tissues. Loss of
SERCA1 results in exercise-induced impaired muscle relaxation in humans (Brody’s disease).
Little is however known about the effects of loss of SERCA2 on skeletal muscle function. We have
generated Serca2flox/floxMLC-1f wt/cre (MLC1f-SERCA2KO) mice, in which the Serca2 gene is deleted
in skeletal muscle. Serca2 gene excision was detected in soleus, extensor digitorum longus, tibialis
anterior, gastrocnemius muscles and the diaphragma, but not in the heart or in non-muscle tissue.
MLC1f-SERCA2KO mice appeared overall normal. In soleus muscle, Serca2 mRNA and SERCA2
protein were reduced to 12 ± 2 % (SEM) and 6 ± 2 % of control values, respectively. Serca1 and
Serca3 mRNA or protein expression levels were unaltered. Preliminary in situ experiments sho-
wed that there was no difference between MLC1f-SERCA2KO and control soleus muscles in the
maximum tetanic force generation and fatigue development. Our preliminary con-clusion is that
MLC1f-SERCA2KO soleus muscle shows normal contractile properties in spite of near loss of
SERCA2. Further studies include measuring Ca2+ sensitivity, Ca2+ transients and force in single
fibers, and investigate the expression and activity pattern of other Ca2+ transporting proteins and
myofilament protein components.

P30. The importance of SERCA2 in skeletal muscle function and fatigue 
development
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Background: A rocking motion of the LV apex has been observed in patients with myocardial
infarction (MI).There is, however, limited understanding of the mechanisms causing this
phenomenon. We hypothesized that LV apical rocking is caused by an imbalance of contractile
forces due to asymmetrical infarct extent. 

Methods: We studied 30 patients with previous MI and visual signs of apical rocking. Using
speckle tracking echocardiography from 4-chamber views, apical rocking motion was quantified
as net longitudinal motion of the LV apical region. Shortening (strain) during ejection was
measured in septal and lateral segments. Infarct extent was determined by contrast enhanced
MRI and expressed as a percentage of total segment area.

Results: The apical parts of LV septum and lateral wall showed net rocking motion (4.7±2.6 mm 
(mean ± SD)). The apex was pulled towards the wall that demonstrated greatest shortening 
(10.3±4.9 %) and away from the wall with the least shortening (6.2±3.9 %, p<0.01), indicating an
imbalance of contractile forces between the two walls. The correlation between Δstrain and net LV
displacement was R=0.39, p<0.05. The difference in infarct size between the walls was 8.5±11.2 %,
p=0.01, with the greatest extent of scarring in the wall with the least shortening. Mean QRS-
duration was 100 ± 30 ms.

Conclusions: Asymmetrical infarct distribution may cause LV apical rocking. This may have
implications for interpretation of tissue Doppler velocities, as apical rocking of an ischemic area
will imitate normal myocardial velocities. Myocardial strains, however, will easily discriminate
between ischemic and non-ischemic areas.

P31. Mechanism of apical rocking in patients with myocardial dysfunction
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Background: Peak early-diastolic mitral annulus velocity (E’) by tissue Doppler imaging (TDI)
has been introduced as a marker of diastolic function. This study investigates mechanisms of
changes in E’ during acute changes in LV preload.  

Methods: In 7 anaesthetised dogs with pressure catheters we measured E’ and systolic long-axis
shortening (SS) by sonomicrometry and TDI. Preload was increased by volume loading and
reduced by caval constriction. In 8 healthy humans we measured E’ by TDI and SS by M-mode
echocardiography. Preload was reduced by lower body negative pressure at 40 mmHg (LBNP).

Results: In dogs, LV end-diastolic pressure decreased from 5.5±1.4 (mean±SD) at baseline to 
-0.9±0.5 (P<0.01) during caval constriction and increased to 15.3±2.2 mmHg (P<0.01) after volume
loading. Changes in peak E’, SS and tau are shown in Fig. 1. There were marked changes in 
E’ and SS, while there was no significant change in tau. Peak E’ correlated well with SS by
sonomicrometry (R=0.88, P<0.01). Measurements of E’ by TDI showed similar changes.
In humans, LBNP decreased LV stroke volume from 71±11 to 42±12 ml (P <0.01), and there were
marked reductions in peak E’ and SS (Fig. 2). Peak E’ correlated well with SS (Fig. 2).

Conclusions: Load dependent changes in E’ could not be explained by changes in rate of LV
relaxation, but were accounted for by changes in systolic shortening. These observations indicate 
a tight coupling between systolic and diastolic function in the intact LV, and challenge the
concept that E’ is a marker of LV relaxation.

P32. Load-dependency of early-diastolic mitral annulus velocity: 
The role of systolic function
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Introduction: Troponin has become the most important marker for diagnosing AMI, yet research
is limited regarding its molecular release and structure in the blood. We have recently described
the appearance of up to 7 degradation products of cardiac troponin I (cTnI) in patients suffering
from STEMI, using site-specific western blot analysis. Since percutaneous septal alcohol ablation
(PSAA) of hypertrophic obstructive cardiomyopathy (HOCM) is a unique model of iatrogenic
induction of myocardial necrosis in vivo, we here sought to investigate the degradation of cTnI in
myocardial necrosis.

Methods: Blood samples were obtained from 9 patients with HOCM just prior to initiation of
PSAA and for a time period of 24-52 hours following the procedure. Western blot analysis was
performed using two different anti-cTnI-antibodies (8-i7 and 3E3). Results were compared with
recombinant cTnI and serum from AMI patients.

Results: All patients developed measurable and increasing concentrations of cTnI
(AccessAccuTnI) during the observation period. Concentrations above upper reference limit were
observed as early as 20 min after initiation of therapy. Serum samples from all patients were
analysed by western blotting using two different antibodies against cTnI. An immunoblot from
one patient is depicted in figure 1. Bands at the positions of cTnI and the initial degradation
product of 20 kDa were present in all samples. The signal strength of these bands was, however
not correlated with values obtained by AccessAccuTnI. They might therefore contain a mixture 
of cTnI and other proteins. From samples 4-8 (figure 1) it appeared at least 5 other bands
(recognized by both antibodies) below 20 kDa at the same positions as bands from a positive 
cTnI control (ASSENT). The signal strength of these bands was quantified using a Multi Gauce
softwear and a rather good correlation was found between these values and the values obtained
for total cTnI by AccessAccuTnI. 

Conclusion: This study sheds light on the molecular appearance of cTnI in serum from patients
with hypertrophic obstructive cardiomyopathy undergoing percutaneous septal ablation. The
degradation is similar to degradation following AMI. This finding suggests that both intact and
cleaved troponin is released from the myocardium in the early phase of necrosis.

P33. Immunoblot analysis of cardiac troponin I in patients with hypertrophic obstructive 
cardiomyopathy undergoing percutaneous septal ablation
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Background: The neurohumoral marker chromogranin A (CgA) is predictive of mortality in
chronic and post infarction heart failure. Whether CgA is related to outcome across the spectrum
of acute coronary syndromes (ACS) is unkown. It is also unknown whether CgA is primarily a
predictor of recurrent ischemic events or of heart failure development.

Methods: CgA was measured within 24 hrs of admission in 1306 patients with ACS (30 % female,
median age 67 years). Echocardiographic evaluation of left ventricular ejection fraction (LVEF)
was performed within 5 days of admission (n=1020). Troponin T (TnT), B-type natriuretic peptide
(BNP), and C-reactive protein (CRP) were also measured in a subset of patients (n=761).
Association with prognosis was assessed by Cox proportional hazards regression.

Results: During a median follow-up of 81 months (interquartile range 61-99 months), 360 patients
(28%) died, 164 (13%) were readmitted for AMI and 140 (11%) were hospitalized for heart failure. 
CgA was a strong and independent predictor of mortality and heart failure hospitalizations but
not of recurrent myocardial infaction (Table). After further adjustment for LVEF, CgA remained
significantly associated with mortality and heart failure hospitalizations (HR 1.29 [1.14-1.45],
p<0.0001 and HR 1.32 [1.08-1.60], p=0.006 respectively). In the subgroup of patients with comple-
te TnT, BNP and CRP measurements, CgA was significantly associated with mortality (HR 1.18
[1.03,1.37], p=0.02) and the associaton with heart failure hospitalizations was of borderline
significance (HR 1.23 [0.95,1.54], p=0.08).

Conclusions: CgA is a strong and independent predictor of heart failure and mortality across
the spectrum of ACS, and provides complementary information to conventional risk markers,
including LVEF and contemporary cardiac biomarkers.

Association between chromogranin A (CgA) concentrations and long-term mortality and
morbidity in acute coronary syndromes (n=1306)

Unadjusted Adjusted*
HR (95% CI.) p HR (95% CI.) p

Mortality 1.56 (1.43,1.69) <0.0001 1.33 (1.20,1.47) <0.0001
Heart failure 1.52 (1.34,1.74) <0.0001 1.29 (1.11,1.50) 0.0009
Recurrent AMI 1.22 (1.06,1.41) 0.005 1.09 (0.92,1.28) 0.32

*Hazard ratio per 1 SD increase in logarithmically transformed CgA level. Adjusted for
age, gender, index diagnosis, smoking status, prior myocardial infarction, diabetes, 
hypertension, congestive heart failure, heart rate, Killip class (>I) on admission, 
creatinine clearance, and peak CKMB

P34. Chromogranin A levels in the acute phase are predictive of subsequent heart failure 
hospitalizations and mortality across the spectrum of acute coronary syndromes
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Background: Peripheral arterial occlusive disease (PAD), usually associated with generalized 
atherosclerosis, causing intermittent claudication (IC) is a common condition in the elderly
population. Only limited data exist with regard to vascular inflammation and the extent and
severity of PAD.

Objective: We have investigated the relationship between biochemical markers of vascular
inflammation and the functional and anatomic diagnostic measures of PAD, assessed as 
ankle-brachial-pressure-index (ABPI), treadmill walking distances and angiographic score. 

Methods: A population of 127 patients (medain age 66 yrs; 64% males) with angiographically
verified PAOD were included. Fasting blood samples were drawn for determination of selected
soluble cell adhesion molecules, cytokines and chemokines. Spearman coefficients of correlation
were calculated and multiple regression analyses were used to adjust for relevant co-variates. 

Results: TNFα, Il-6, MCP-1 and CD40L were all significantly correlated with angiographic score
(p<0.05 for all); MCP-1 and CD40L remaining significant after adjustment for co-variates (p<0.01
for both). IL-6 was inversely and independent of co-variates, significantly correlated with the
maximum treadmill walking distance (p<0.01). None of the inflammatory markers correlated
with the ABPI.

Conclusion: Our study in PAD patients showed the inflammatory markers MCP-1, CD40L and
IL-6 to be associated with the extent of atherosclerosis, assessed by angiographic score and
treadmill walking distance, indicating vascular inflammation to be implicated in the disease. 
This might be of importance in future diagnosis and treatment of PAD patients.

P35. Markers of vascular inflammation are associated with the degree of atherosclerosis 
assessed as angiographic score and treadmill walking distances in patients with PAD
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Introduction/Aims: Matrix metalloproteinases (MMPs) are physiological regulators of the extra-
cellular matrix, participating in plaque instability. MMP-9, regulated by a specific inhibitor
(TIMP-1), has been localized in the vulnerable plaque area. Pregnancy-associated plasma protein
A (PAPP-A), an insuline-like growth factor metalloproteinase has been detected in ruptured
plaques. Although a predominant role of these molecules in plaque degradation has been
suggested, the exact role in atherosclerosis is not known.
The aim of the study was to assess the levels of soluble MMP-9, TIMP-1 and PAPP-A in a high-
risk population, and relate the levels to the degree of atherosclerosis assessed by carotis intima
media thickness (IMT), and to different disease entities. 

Materials and methods: Individuals participating in DOIT (Diet and Omega-3 Intervention
Trial)*; elderly men (n=563) with longstanding hyperlipidemia, were included. IMT was assessed
by ultrasound, and fasting blood samples were analyzed for MMP-9, TIMP-1 and PAPP-A,
determined by commercial ELISA methods.

Results: MMP-9 was significantly correlated with LDL-C and inversely with HDL-C (both
p<0.0001) whereas TIMP-1 was correlated with ox-LDL (p=0.001) and inversely with LDL-C
(p=0.012). PAPP-A showed a negative correlation to systolic blood pressure (p=0.006). There were
no significant correlations between the measured variables and IMT. TIMP-1 levels were lower in
subjects with previous AMI (p=0.021). In smokers significantly higher levels of MMP-9 (p<0.0001)
compared to the non-smokers were observed.

Conclusion: The present results may strenghten the suggestion that MMP-9 and TIMP-1 play a
pathogentic role in atherosclerosis.

* Hjerkinn EM et al. Eur J Cardiovasc Prev Rehab 2006; 13:325-333

P36. Association between matrix metalloproteinases and risk factors for 
atherosclerosis in elderly high risk men
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Background: Visfatin is a newly discovered adipocytokine that binds and activates the insulin
receptor via a distinct binding site. Visfatin is reported to be enhanced in several inflammatory
diseases such as obesity and type 2 diabetes. In addition, several in vitro studies have reported
visfatin-induced secretion of inflammatory markers such as TNFa, IL6 and IL1 from various cell
types.
The aim of this study was to investigate the inflammatory potential of visfatin on monocytes, an
important cell type in the both inflammation and atherosclerosis, using the THP-1 monocytes as 
a model system, and to elucidate the plausible role of the insulin receptor in the inflammatory
process. 

Methods: The THP1 cells were stimulated with different concentrations of recombinant (rh)
visfatin and Insulin in addition to a known inhibitor of the insulin receptor HNMPA. After
various time points the cells were harvested and the signalling cascade was investigated using
western blot analysis and gene expression was measured using quantitative real time PCR.

Results: The gene expression of the inflammatory marker TNFa and IL-lb was markedly
increased in a dose dependent manner. Inhibition of the insulin receptor did not abolish this
inflammatory effect of rhVisfatin, in spite of the activation of insulin receptor by visfatin.

Conclusions: rhvisfatin increases the inflammatory marker TNFa and and IL-1b and may play 
an important role in the inflammatory response. In contrast to reports suggesting that visfatin
activates the insulin receptor, the inflammatory effect of rhVisfatin observed in the present study
did not involve the classic insulin receptor signalling pathway.

P37. Visfatin, a novel inflammatory agent in the vessel wall?
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Purpose: The aim of this study was to investigate the predictive value of markers of fibrinolysis
with regard to maintenance of sinus rhythm after electrical cardioversion for atrial fibrillation
(AF), and the effect of angiotensin II receptor blockade.

Methods: In a double blind, placebo-controlled study (Candesartan in the Prevention of
Relapsing Atrial Fibrillation, CAPRAF), 171 patients with persistent AF were randomized to
receive candesartan 8 mg once daily or placebo for 3–6 weeks before and candesartan 16 mg 
once daily or placebo for 6 months after cardioversion. As part of this study, plasma levels of
tissue plasminogen activator (tPA) antigen and plasminogen activator inhibitor-1 (PAI-1) 
activity were measured at baseline and at the end of the study.

Results: Baseline PAI-1 activity was significantly lower in patients still in sinus rhythm at 
6 months after cardioversion (9.5 U/mL (7.4, 12.7) versus 14.1 U/mL (9.1, 23.1), p=0.001). Kaplan-
Meier survival analysis showed that patients with above median PAI-1 activity had a significant-
ly higher recurrence rate of AF as compared to patients with below median activity (log rank,
p=0.002). tPA levels were not related to rhythm outcome. Neither maintained sinus rhythm for 
6 months nor treatment with candesartan affected tPA levels or PAI-1 activity.

Conclusion: Above median PAI-1 activity measured before electrical cardioversion for persistent
AF was a strong predictor of AF recurrence.

P38. Plasminogen activator inhibitor-1 activity predicts rhythm outcome 
after electrical cardioversion for atrial fibrillation
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