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LEC1.1

MICROCIRCULATORY FUNCTION AND INSULIN RESISTANCE 

CDA Stehouwer 
Dept. of Med., Univ. Hosp tal Maastricht and Maastricht Univ. i

Insulin resistance, hypertension and microcirculatory dysfunction are 
interrelated phenomena, which all, in addition, have several 
determinants in common, notably ageing, smoking, obesity, 
inflammation, and low birth weight. We propose that microvascular 
rarefaction and microvascular endothelial dysfunction explain in part 
why insulin resistance is linked to hypertension. On the one hand, there 
is evidence that microvascular dysfunction increases peripheral 
vascular resistance and thus, other things being equal, blood pressure. 
On the other hand, microvascular dysfunction decreases insulin-
mediated glucose uptake in muscle, the latter by impairing the timely 
access of glucose and insulin to target tissues such as muscle. We 
suggest that any condition that impairs microvascular function will 
predispose to both insulin resistance and hypertension. 
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Thursday 31st August – 09:30-12:00 
THE MICROCIRCULATION IN THE METABOLIC SYNDROME 

Plenary Symposium – SMS 
 

SMS.1

VASCULAR PROTECTION IN INSULIN RESISTANCE AND 
DIABETES: THE ROLE OF AT1-RECEPTORS 

T Unger 
Center for Cardiovascular Research, Inst. of Pharmacology and 
Toxicology, Charite-Univ. Med. Berlin, Germany. 
 

The pathogenesis of diabetic vascular disease is a multifactorial 
process mediated by a number of metabolic and inflammatory factors. 
Inflammation is one of the key factors in the development and 
progression of diabetic vasculopathy. Type 2 diabetes is associated with 
increased levels of circulating pro-inflammatory cytokines including 
TNF� and IL-6, which not only exert direct effects on the vascular wall , 
but also induce hepatic secretion of acute phase proteins (e.g. CRP), 
and pro-thrombotic factors (e.g. PAI-1 and fibrinogen). In addition to the 
pro-inflammatory state, insulin resistance (IR) is the driving force of 
macrovascular disease in diabetes. Systemic IR results in impaired 
glucose utilization and gluconeogenesis followed by hyperglycemia. 
Hyperglycemia generates advanced glycation end products (AGE), 
which upon binding to the cell surface receptor for AGE (RAGE), induce 
a variety of pro-atherogenic responses in vascular cells. Systemic IR is 
associated with vascular IR which markedly alters vasomotor function 
resulting in vasoconstriction and hypertension. It is know well known 
that angiotensin II via AT1 receptor stimulation is a potent stimulus of 
pro-inflammatory processes in diabetes. In addition, AT1 receptor 
stimulation contributes to the impairment of whole-body insulin 
sensitivity in diabetic patients and interrupts regular insulin signaling in 
vascular cells. Taken together, AT1 receptor stimulation is a common 
pathophysiological mediator of diabetic macrovascular disease. 
Blockade of the AT1 receptor by selective AT1 receptor blockers (ARBs) 
results in potent anti-inflammatory actions and an improvement of 
insulin sensitivity. ARB treatment has not only been shown to prevent 
the development of diabetes but to decrease cardiovascular morbidity 
and mortality in type 2 diabetic patients underscoring the importance of 
this therapy within the cardiovascular risk management of these 
patients. 

 

 SMS.2

IMPACT OF OBESITY ON MICROVASCULAR REACTIVITY TO 
ADRENERGIC STIMULATION 

DW Stepp, OP Romanko, JD Mintz 
Vascular Biology Center and Dept. of Physiology, Med. Co lege ol f 
Georgia, Augusta GA 30912. 

Obesity is a rapidly emerging epidemic in Western Cultures but the 
impact of obesity in microvascular function is largely unknown. Because 
obesity has been shown to impact the function of the sympathetic 
nervous system, we hypothesized that physiologic adjustment to 
sympathetic stimuli would be altered and that adrenergic function in the 
relevant circulation would be altered in parallel. In Obese Zucker rats, 
exercise tolerance is reduced as evidenced by a 60% reduction in 
treadmill time. In parallel, there is an increased reactivity, in vitro and in 
vivo to norepinephrine, in the hindlimb circulation. This increased 
reactivity is concomitant with an increase in α-adrenergic receptor 
mRNA expression in the skeletal muscle microvasculature, primarily 
α1D receptors. In contrast, published studies have documented an 
impaired hemorrhage response in Obese Zucker rats. Arterial pressure 
is preserved during hemorrhage by adrenergic constriction of the 
splanchnic circulation. Contrary to the skeletal muscle vasculature, 
there is decreased reactivity to norepinephrine in the mesenteric bed. 
This decreased reactivity was also paralleled with a change inα-
adrenergic receptor mRNA expression, a reduction in α1D receptors. 
When insulin resistance was induced without obesity with a fructose 
diet, microvascular reactivity to norepinephrine was unaltered. These 
data indicate that obesity causes a shift in adrenergic reactivity that 
diverts blood flow away from the muscle and into the gut. The functional 
correlates of these changes may be an impaired ability to increase 
muscle blood flow during exercise and reduced tolerance of blood loss 
in obese patients. 

SMS.3

EFFECTS OF ADIPOSITY ON MICROVASCULAR FUNCTION IN 
CHILDREN 

F Khan 
Ninewells Hospital & Med. School, Dundee, UK. 

Abstract not available 

 SMS.4

Obesity and adipokine actions on the vasculature 
J Pinkney 
Univ. of Liverpool, Diabetes and Endocrinology Research Group, 
Depart. of Med., Liverpool, UK. 

Abstract not available  
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Thursday 31st August – 14:00-15:30 
SIGNALS AND IMAGES REFLECTING MICROVASCULAR BLOOD FLOW 

Workshop – WSF 
 

WSF.1

NOVEL APPROACHES IN PERFUSION IMAGING OF SUPERFICIAL 
MICROCIRCULATION 

MJ Draijer [1], E Hondebrink [1], TG van Leeuwen [1,2], W Steenbergen
[1] 
[1] Univ. of Twente, Enschede, The Netherlands, [2] Laser Center, 
Acad. Med. Center Amsterdam, The Netherlands. 

Introduction: Laser Doppler perfusion imagers that scan a tissue area 
with a laser beam provide a perfusion image within several minutes. 
This time is impractical for some patient groups, and too long to follow 
some dynamical events of the microcirculation. The imaging time can be 
improved when the perfusion signal is recorded simultaneously in many 
points. We demonstrate the capabilities of modern high speed cameras 
to perform this task. Such devices also will provide a normal photograph 
of the tissue area. Methods: A laser beam of 671 nm, and a power of 
300 mW, homogenously illuminates a rectangular tissue area with linear 
dimensions of several centimeters. For detection a high speed CMOS 
camera is used that acquires 50000 frames per second in a region of 
128*128 pixels, on which the illuminated tissue area is imaged. With this 
frame rate, the intensity fluctuations containing the optical Doppler shifts 
can be measured in all pixels simultaneously. In each pixel the 
perfusion level is estimated from the intensity fluctuations. This estimate 
is based on the normalized first moment of the power spectrum. 
Results: Perfusion images can be obtained in tissue areas up to 15*15 
cm. The signals are acquired in a fraction of a second, and including the 
computation time the rate at which perfusion images can be rendered is 
approx. 1 frame per second.  Conclusions: The chosen combination of 
light source and CMOS camera allows for high speed laser Doppler 
perfusion imaging on a considerable tissue area, with images available 
in a few seconds. The same image sensor also provides a photograph, 
on which the perfusion image can be simply overlayed. 

 WSF.2

VELOCITY COMPONENTS IN LASER DOPPLER FLOWMETRY 

T Strömberg 
Dept. of BioMed. Engineering, Linköping Univ., Linköping, Sweden. 

Laser Doppler Flowmetry [LDF] is a technique for measuring 
microcirculatory perfusion, i.e. the concentration of moving red blood 
cells [RBC] times their average velocity. In tissue with a heterogenous 
vascular distribution, such as the skin, the perfusion measure is a 
concentration weighted mean of contributions from low velocity 
components from capillaries and higher velocities from deeper lying 
larger arteriolar vessels. The capillary contribution to the signal is often 
low due to the low RBC velocity. We have developed a new method 
based on spectral analysis of the current from the LDF photodetector, 
the raw signal. The LDF spectrum is decomposed into contributions 
from RBC moving with three physiologically relevant velocity 
distributions centered at e.g. 0.5, 2 and 8 mm/s. The spectrum is 
modelled using the Monte Carlo technique for estimating photon 
transport in tissue, taking multiple Doppler shifts into account. The 
method has been validated on single- and double-tubing flow phantoms 
with low concentrations [single Doppler shifts] and high concentrations 
[multiple Doppler shifts] of moving scatterers. A model of skin involving 
the optical properties and the vascular distribution is used for analysing 
LDF recordings of locally heated skin. Preliminary results indicate an 
increased concentration of high velocity components with a more or less 
constant low velocity component. This complies with an increase in 
shunt flow in larger vessels. The method could be useful for functional 
discrimination between capillary and arteriolar blood flow in e.g. 
diabetes. 

WSF.3

USE OF SIGNAL PROCESSING TECHNIQUES TO EXTRACT 
INFORMATION FROM MICROVASCULAR BLOOD FLOW DATA 

A Humeau [1], P Abraham [2], JL Saumet [2] 
[1] Groupe ISAIP-ESAIP, 49 Saint Barthelemy d'Anjou, France, [2] 
Service des Explorations Vasculaires, CHU d'Angers, 49 Angers, 
France. 

Laser Doppler flowmetry [LDF] is a non-invasive technique for the 
assessment of microvascular blood perfusion. Nowadays, microvascular 
processes such as myogenic, neurogenic and endothelial related 
metabolic activities cannot be studied non-invasively. Our work presents 
results based on a processing of LDF signals providing a non-invasive 
analysis of the three above-mentioned activities during a local and 
progressive cutaneous pressure application of 11.1 Pa/s [Humeau et al., 
Phys. Med. Biol., 2004a, b]. The dynamic characteristics of the signals 
are also analysed [Humeau et al., Proc SPIE, 2003, 2004]. LDF signals 
recorded in rats, and in healthy and type 1 diabetic human subjects are 
processed. For rats, the results show an increased contribution for the 
endothelial related metabolic activity during the application of the 
progressive pressure until 400 s after the beginning of the pressure. 
Myogenic and neurogenic activities contribute relatively less, especially 
in the interval 0-200 s following the beginning of the pressure 
application. For humans, the relative contribution of the endothelial 
related metabolic activity is significantly higher during the application of 
the progressive pressure than at rest, in the interval 200-400 s following 
the beginning of the pressure application, but only for healthy subjects. 
The analysis of the dynamic characteristics of the signals shows that a 
large vasodilation is present on signals of healthy subjects, whereas a 
vasodilation of limited amplitude appears on type 1 diabetic patients. 
These results improve knowledge on cutaneous microvascular 
responses to injuries or local pressures initiating diabetic complications.

 WSF.4

OSCILLATORY COMPONENTS IN MICROVASCULAR FLOW: 
AGEING, DIABETES, CONGESTIVE HEART FAILURE AND 
MYOCARDIAL INFARCTION 

A Stefanovska [1,2], A Bernjak [1,2] 
[1] Physics Dept. Lancaster Univ., Lancaster, UK, [2] Nonlinear 

t . Dynamics and Synerge ics Group, Fac. of Electrical Engineering, Univ
of Ljubljana, Slovenia. 

Contemporary laser Doppler [LD] methods enable non-invasive, 
continuous, observation of blood flow in the capillary bed. Questions 
then arise as to whether the LD signal contains deterministic, oscillatory 
components, and whether rhythms other than that of the heart and 
respiration are involved in the control of microcirculation. To answer 
these questions frequency analysis was applied, immediately revealing 
the presence of oscillatory components. Their characteristic frequencies 
are modulated and time-varying. In addition they span a wide frequency 
range. Therefore, the wavelet transform, a method enabling logarithmic 
time-frequency resolution, was proposed to study the dynamics of 
microcirculation. Five oscillatory components were observed in the 
frequency interval between 0.0095 and 2 Hz and quantitative measures 
were introduced to determine their contribution. Thorough analyses 
were performed in order to identify their physiological origin. To gain 
additional insight, both reversible perturbations, such as physical 
exercises and application of vasoactive substances, and irreversible 
perturbations resulting from ageing or disease, were investigated. 
Clinical studies involving large groups of patients with diabetes [D] and 
heart failure [HF] and patients after acute myocardial infarction [AMI] 
have recently been completed. A significant reduction of certain 
oscillatory components was demonstrated in HF and AMI patients 
compared to age-matched healthy subjects, while differences between 
the extremities suggest an uneven progression of microangiopathy in D. 
We conclude that the oscillatory components in LD signals have strong 
physiological and clinical implications. 
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Thursday 31st August – 14:00-15:30 
NEW SIGNALS IN BLOOD VESSELS 

Workshop – WNS 
 

WNS.1

METABOLOME ANALYSES: A POWERFUL STRATAGEM TO MINE 
NOVEL GASEOUS SIGNAL TRANSDUCERS REGULATING ORGAN 
MICROVASCULAR UNITS 

M Suematsu, T Iwabuchi, T Shinntani, T Hishiki, T Soga 
Dept. of Biochemistry & Integrative Med. Biology, School of Med., Keio 
Univ. 

Liver is a major source of CO from heme oxygenase, which has been 
shown to relax sinusoids under both constitutive and inducible 
circumstances via local mechanisms involving activation of soluble 
guanylate cyclase in hepatic stellate cells. On the other hand, the same 
gas serves as a tonic vasoregulator that antagonizes NO-mediated 
relaxation in brain microcirculation. However, whether CO is utilized for 
the organ homeostasis through other distinct mechanisms remains 
largely unknown. High-throughput mass spectrometry assisted by 
capillary electrophoresis and liquid chromatography allowed us to reveal 
marked alterations in contents of small ionic compounds including 
phosphorylated carbohydrates and amino acids upon stress-inducible 
overproduction of gases such as CO. Exposure to CO-inducible 
stressors caused alterations in hepatic contents of amino acids involving 
accumulation of methionine and decreases in cysteine, glutathione and 
taurine leading to hyperhomocystinemia. Such metabolomic profiles 
appeared to result from inhibition of cystathionine β synthase [CBS], the 
rate-limiting heme enzyme for transsulfuration, by CO, so far as judged 
from visible spectrophotometry in the recombinant protein. Of interest is 
that stress-inducible CO inhibits CBS and thereby down-regulates H2S, 
the third gas mediator which modulates biliary HCO3

-. As a result, the 
CO response stimulates enhancement of the bicarbonate excretion to 
help the biliary detoxification processes. Thus, metabolome analyses 
could serve as a powerful stratagem to explore unidentified biomarkers 
and to mine novel mechanisms for the gas-mediated regulation of 
metabolism under disease conditions. 

 WNS.2

MODULATION OF SPHINGOLIPID METABOLISM ALTERS 
VASCULAR RESPONSES TO ANGIOTENSIN II AND MUSCARINIC 
RECEPTOR AGONISTS 

SLM Peters, AC Mulders, AE Alewijnse 
Dept. Pharmacology & Pharmacotherapy, Acad. Med. Center, 
Amsterdam, The Nethe landsr . 

In addition to their role in programmed cell death, cell survival and cell 
growth, sphingolipid metabolites such as ceramide, sphingosine and 
sphingosine-1-phosphate have vasoactive properties. Besides their 
occurrence in blood, they can also be formed locally in the vascular wall 
itself in response to external stimuli. We investigated whether 
vasoactive compounds modulate sphingolipid metabolism in the 
vascular wall and how this might contribute to the vascular responses. 
In isolated rat carotid arteries, the contractile responses to angiotensin II 
are enhanced by the sphingosine kinase inhibitor N,N dimethyl-
sphingosine [DMS]. Endothelium removal or NO synthase inhibition with 
L-NNA results in a similar enhancement. Angiotensin II concentration-
dependently induces NO production in an endothelial cell line, which 
can be diminished by DMS. Using immunoblotting and intracellular 
calcium measurements, we demonstrate that this sphingosine kinase-
dependent endothelial NO synthase activation is mediated via both 
phosphatidylinositol 3-kinase/Akt and calcium-dependent pathways. 
Inhibition of sphingosine kinase reduces the potency of relaxation 
response to the muscarinic receptor agonist methacholine in isolated rat 
carotid arteries and aorta. Interestingly, DMS induces a significant 
potentiation of methacholine-induced relaxation in mesenteric artery 
preparations. We conclude that modulation of sphingolipid metabolism 
by vasoactive compounds such as angiotensin II and muscarinic 
receptor agonists, contributes to their vasoactive properties. This 
modulation of sphingolipid metabolism leads to differential effects in 
conduit and resistance vessels. 

WNS.3

CELL-DERIVED VESICLES: IMPLICATIONS FOR 
PATHOPHYSIOLOGY 

R Nieuwland, A Sturk 
Depart. of Clinical Chemistry, Acad. Med. Center Amsterdam 

Eukaryotic cells release vesicles into their environment. These include 
microparticles, which are budded from the cell surface during activation 
and apoptosis ['apoptotic bodies'], and exosomes, which are part of 
endocytotic pathway. Despite that both microparticles and exosomes 
have been known since the early 1970's, they only recently raised 
scientific and clinical interest due to their potential relevance as disease 
markers and therapeutic applications. As recently as 2005, an entirely 
new type of stem-cell derived vesicles was discovered in neural tube 
fluid of developing mice, which, like microparticles and exosomes, also 
proved to be present in various human body fluids. Although the 
function of such stem cell-derived vesicles is completely unknown, 
microparticles and exosomes display a wide array of biological 
activities. Evidence is rapidly accumulating that cell-derived vesicles 
facilitate intercellular communication, e.g. by transporting second 
messengers, protect cells against stress, transport viruses and prions, 
and support [or even initiate] coagulation, angiogenesis and 
inflammation, support or suppress the immune system, enable tumor 
growth, etc. This presentation will summarize our current knowledge 
with regard to the structure and function of cell-derived vesicles, the 
intracellular mechanisms underlying vesicle formation and sorting of 
biomolecules into the vesicles, their use as disease markers and 
therapeutic applications, including recently completed clinical trials 
[phase I] in which exosomes have been tested in [human] cancer 
patients as novel anti-cancer drug. 

 WNS.4

FGF-2 INHIBITS VEGF- AS WELL AS SHEAR-STRESS-INDUCED NO 
PRODUCTION IN ENDOTHELIAL CELLS 

T Gloe [1], F Krötz [2], U Pohl [1] 
[1] Inst. of Physiology, LMU, [2] Klinikum Innenstadt, LMU, Munich, 
Germany. 

NO plays a modulator role in angiogenesis and vascular remodelling 
by opposed interactions with growth factors. We investigated the 
interplay of NO with the angiogenic growth factors FGF-2 [bFGF] and 
VEGF and investigated possible modulator effects of both on NO 
synthesis as possible feedback loop. VEGF [5-10ng/ml] induced NO 
formation in porcine endothelial cells [PAEC] significantly [n=8, p<0.05], 
whereas FGF-2 [3ng/ml] had no inductor effect. Combined with VEGF, 
FGF-2 even inhibited NO production. This effect was abolished by FGF-
2 receptor blockers and wortmannin, indicating a PI3Kinase-dependent 
signalling. Shear stress [16 dyn/cm²] increased NO production only 
within the first 2 h and blockade of FGF-2 led to a further increase in NO 
formation even beyond 2h indicating FGF-2-dependent inhibition of NO-
formation. Inhibition by FGF-2 and induction by VEGF of NO production 
were also reflected by their individual interplay with NO. Added NO 
[SNAP, 1 µM,] inhibited FGF-2-induced migration but not those of 
VEGF-induced [n=4x10, p<0.05]. FGF-2 induced differentiation 
[capillary like structure formation] was increased 2-fold if NO production 
was inhibited [L-NA, 30µM] whereas the effect of VEGF on vessel 
sprouting was reduced by 2-fold. The results of this study identify NO as 
a significant modulator of vascular remodelling and angiogenesis by 
affecting the efficiency of VEGF and FGF-2 in an oppositional manner. 
Moreover, FGF-2 dependent inhibition of NO production might be a set 
back mechanism for flow induced NO production. By that, FGF-2 might 
be part of a negative feed back loop preventing an overshoot in 
dilatation and may participate in local blood pressure regulation. 
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Thursday 31st August – 14:00-15:30 
MICROVASCULAR IMAGING 

Oral Session – OMI 
 

OMI.1

DIGITAL IMAGE ANALYSIS OF CYTOSKELETAL F-ACTIN 
DISINTEGRATION IN RENAL MICROVASCULAR ENDOTHELIUM 
FOLLOWING ISCHEMIA/REPERFUSION 

JR Leemreis, AMG Versteilen, P Sipkema, ABJ Groeneveld, RJP 
Musters 
Laboratory for Physiology and Intensive Care Unit, Inst. for 
Cardiovascular Research, VU Univ. Med. Centre, Amsterdam, The 
Netherlands. 

Damaged and/or dysfunctional microvascular endothelium has been 
implicated in the pathogenesis of ischemic acute renal failure [ARF]. 
Rapidly occurring changes in the endothelial F-actin cytoskeleton as 
observed in vitro might be responsible, but have been proven difficult to 
measure accurately in situ. Therefore, the purpose of this study was to 
examine several methods of digital image analysis in order to quantify 
the alterations of endothelial F-actin after renal ischemia and 
reperfusion [IR], and to relate these to deterioration of renal function. 
Frozen sections of Sham and IR rat kidneys were fixed in 4% 
formaldehyde and stained with rhodamine-phalloïdin. Microvascular 
structures were captured using a 3i Marianas™ digital imaging 
fluorescence microscope workstation. Images were analysed using 3i 
SlideBook™ software, employing several masking techniques and line-
scans. Digital image analysis demonstrated a decrease in the mean 
intensity of rhodamine-phalloïdin fluorescence after IR from 1030 ± 187 
to 735 ± 121 a.u. [arbitrary units, mean ± SD, n = 7]. The number of F-
actin fragments per pixel increased from [15.8 ± 4.9] x 10-5 to [20.7 ± 
3.5] x 10-5, indicating cytoskeletal fragmentation. In addition, line-scan 
analysis demonstrated a disturbed spatial orientation of the F-actin 
cytoskeleton after IR. Finally, the loss of F-actin correlated with a rise in 
plasma creatinine. The methods of digital image analysis described in 
the present study demonstrate that renal IR induces profound changes 
in the F-actin cytoskeletal structure of microvascular endothelial cells, 
implicating an injured and dysfunctional microvascular endothelium, 
which may contribute to ARF. 

 OMI.2

TWO-PHOTON MICROSCOPIC IMAGING OF [NEO-] 
VASCULARIZATION IN CANCER AND ATHEROSCLEROSIS 

K Douma [1], M Oostendorp [2], L Dubois [3], TM Hackeng [4], DW 
Slaaf [1], MJ Post [5], WH Backes [2], MAMJ van Zandvoort [1] 
[1] Dept. of Biophysics, [4] Dept. of Biochemistry, [5] Dept. of 
Physiology, Univ. of Maastricht, [3] MAASTRO, Univ. of Maastricht, [2] 

 

Dept. of Radiology, Maastricht Univ. Hospital. 

Angiogenic endothelial cells [ECs] [over-]express specific biological 
markers, for example CD13, which may be indicative of the degree of 
tissue neo-vascularization. Spatial distribution of CD13 can be 
visualized by using cNGR, a CD13-ligand, bound to fluorescent 
quantum dots [QDs]. Present study indicates that Two-Photon Laser 
Scanning Microscopy [TPLSM] enables molecular imaging of 
[angiogenic] micro-vasculature in both tumors and wall of 
atherosclerotic arteries. Human colorectal tumors, grown 
subcutaneously in nude mice, were excised and incubated with EC-
specific αCD31-PE. C57BL/6 ApoE-/- mice, prone for atherosclerosis, 
were intravenously co-injected with both cNGR-QDs and αCD31-FITC. 
After appropriate circulation, the aorta with its main side-branches was 
excised. Both tumors and aortas were embedded in agarose gel and 
observed with TPLSM. Tumors exhibited highly disorganized 
microvessels. Additional nuclear-staining with SYTO41 showed EC 
nuclei within these microvessels. Towards the necrotic core, vascular 
and cellular density dropped. The aortic wall near the abdominal 
bifurcation’s plaque exhibited CD31+ vascular structures. The presence 
of cNGR-QDs indicates angiogenic activity in some of these vascular 
structures. In conclusion: TPLSM is suitable to visualize [angiogenic] 
microvessels in intact tissue ex vivo. Therefore, TPLSM may serve as 
high-resolution validation technique for specific accumulation of 
paramagnetic gadolinium-loaded cNGR-QDs, as presently used for in
vivo MRI of angiogenic activity in human colon carcinoma implanted in 
nude mice. Preliminary MRI data show uptake of these paramagnetic 
QDs in the tumors. 

OMI.3

INTRAVITAL MICROSCOPY OF THE MURINE PULMONARY 
MICROCIRCULATION 

A Tabuchi, H Kuppe, AR Pries, WM Kuebler 
Inst. of Physiology, Charité Berlin, Germany. 

Intravital microscopy [IVM] is the gold standard for in vivo studies of 
the microcirculation. Here, we report a new IVM model for the murine 
pulmonary microcirculation. By use of this model, we determined the 
site of pulmonary vasoconstriction in response to hypoxia or the 
thromboxane analog U46619. In mechanically ventilated Balb/c mice, a 
window was surgically excised from the right thoracic wall providing 
visual access to the upper lobe of the right lung. The window was 
sealed with a transparent polyvinylidene membrane and α-
cyanoacrylate. Intrathoracic air was removed and physiological 
intrapleural pressures reestablished by a transabdominal intrapleural 
catheter. IVM preparations were hemodynamically stable with mean 
arterial pressures >70 mmHg and physiological arterial blood gases for 
> 2 h. Wet/dry ratio of imaged lungs did not differ from control lungs. 
Lung microvessels were visualized by iv FITC dextran and 
vasoconstrictive responses to hypoxia [11% O2] and U46619 [1.5 
ng/min iv] were determined. Hypoxic ventilation reduced vascular 
diameters in medium-sized arterioles [30-50 µm] by 6.6±0.6% [p<0.05], 
but did not cause vasoconstriction in small-sized arterioles [<30 µm] or 
venules. Similarly, U46619 predominantly constricted medium-sized 
arterioles by 5.0±0.7% [p<0.05] without causing systemic hypertension. 
These data demonstrate that pulmonary vasoconstriction in response to 
both hypoxia and U46619 occurs mainly in arterioles >30 µm. 
Supported by Kaiserin-Friedrich Foundation, Berlin. 

 OMI.4

INTRAMICROVASCULAR BEHAVIOR OF LEUKOCYTES IN MOUSE 
BRAIN OBSERVED BY HIGH SPEED LASER CONFOCAL 
FLUORESCENT MICROSCOPY 

N Tanahashi [1], K Hattori [1], N Araki [1], K Shimazu [1], M Tomita [2] 
[1] Dept. of Neurology, Sa tama Med. School, [2] Dept. of Neurology, 
Keio Univ

i
. 

Leukocytes behavior in brain microcirculation especially in the 
intraparenchymal vessels has not been fully investigated because of 
methodological difficulties. The purpose of this study is to present 
leukocytes behavior in microvasculature of the anesthetized mouse 
cerebral cortex, measured with a high-speed laser-scanning confocal 
fluorescence microscope and image analysis system. C57/Bl6 mice 
[N=10] anesthetized with pentobarbital were fixed with a head holder. 
After removal of the skull bone for cranial window, rhodamine 6G 
[Sigma] was intravenously injected to label leukocytes. Labeled 
leukocytes were detected with a laser-scanning confocal fluorescence 
microscope and obtained images were analyzed with MATLAB and our 
own software KEIO-IS2 to visualize leukocytes flow tracking in the 
microvasculature in the living mouse cerebral cortex. In the pial veins,
capillaries, and arteries/arterioles, flowing leukocytes were detected at a 
high speed laser confocal fluorescent microscopy [250-1000 frames per 
sec]. The velocities were 5.0±0.9 mm/sec for arterioles and 0.56±0.21 
mm/sec for venules. Following transient ischemia [bilateral common 
carotid artery occlusion], rolling of leukocytes in the pial veins and 
plugging of leukocytes in the capillaries were occasionally seen. The 
high speed laser confocal fluorescent microscopy is a promising tool for 
investigating leukocytes behavior in brain microcirculation. 
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MICROVASCULAR IMAGING 

Oral Session – OMI 
 

OMI.5

ATTACHED VERSUS MOBILE NEUTROPHILS EXHIBIT DISTINCT 
CALCIUM RESPONSES WHEN STIMULATED BY FMLP: CALCIUM 
IMAGING IN LIVE CELLS 

AJ Xu [1], P He [2] 
[1] Div. of Engineering and Applied Sciences, Harvard Co lege, 
Cambridge, [2] Dept. of Physiology and Pharmacology, School of Med , 
West Virginia Univ.

l
.

 

The chemoattractant fMLP stimulates neutrophils to perform multiple 
functions including increased motility, directed migration, and respiratory 
burst, all of which involve increases in intracellular calcium [Ca2+]i. This 
study aims to investigate the fMLP-stimulated calcium responses in 
neutrophils under different adherent status. The spatiotemporal changes 
in [Ca2+]i were quantified and visualized using Fura-2 fluorescence ratio 
imaging in isolated rat neutrophils. Neutrophil attachment was facilitated 
with BSA coating. Image realignment was performed when cell motility 
was involved. Stimulation with fMLP [1uM] elicited two distinct patterns 
of [Ca2+]i increase. Neutrophils that attached to the substrate exhibited a 
transient global increase in [Ca2+]i [4-6 fold at peak] that was abolished 
upon removal of extracellular calcium, thus indicating its dependence on 
calcium influx. In contrast, unattached [mobile] neutrophils exhibited 
increased mobility with localized increase in [Ca2+]i [3-4 fold]. The high 
calcium region constantly redistributed to the rear of the cell, opposite to 
the direction of the cell movement. In addition, mobile neutrophils 
exhibited a tendency of moving towards the attached neutrophils. 
Removing extracellular calcium did not affect the localized [Ca2+]i 
increase, suggesting that the response of mobile cells only involves 
intracellular calcium redistribution. These results indicate that 
mechanisms involving fMLP stimulated increases in neutrophil [Ca2+]i 
differ between attached and mobile neutrophils. These distinct calcium 
responses may represent different downstream signaling pathways for 
different neutrophil functions. Supported by AHA and NIH. 

 OMI.6

HEMODYNAMICS DURING CARDIOVASCULAR DEVELOPMENT IN 
THE CHICKEN EMBRYO ASSESSED BY ULTRASOUND MICRO 
IMAGING 

NTC Ursem [1], PC Struijk [1], N de Jong [2], AFW van der Steen [2], 
EAP Steegers [1] 
[1] Dept Obstetrics & Gynecology, Erasmus MC, Rotterdam, [2] Dept 
BioMed. Engineering, Erasmus MC, Rotterdam. 

The chicken embryo is a widely accepted and appropriate model to
study cardiac morphology and function during embryogenesis. During 
early development the avian and mammalian hearts are similar. Due to 
the ease of access to the developing heart in the chicken embryo, much 
of our current knowledge of cardiovascular development comes from the 
thorough analysis of this model. Moreover, chronic intervention models 
have been devised to induce specific cardiac malformations. Until stage 
24 [4.5 days of incubation] the embryo is translucent and can be 
visualized through a microscope. After this stage it is difficult to study 
the embryonic cardiovascular system. Ultrasound micro imaging, with a 
resolution of 30 microns, allows us to perform ultrasound measurements 
after this stage of development, which is comparable in humans with 8 
to 12 weeks of gestation. Organogenesis takes place during this phase 
and is of great importance to study the etiology of congenital heart 
defects in humans. In a pilot study we demonstrated that we were able 
to visualize the embryonic heart and brains and we also acquired intra 
cardiac and aortic blood flow velocity profiles of a stage 28 chicken 
embryo [5.5 days of incubation]. With ultrasound micro imaging we can 
characterize the embryonic circulation. With this information we hope to 
gain more insight into which mechanisms regulate form and function 
during cardiovascular development. 
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Thursday 31st August – 15:50-17:50 
MICROCIRCULATION IN THE INTENSIVE CARE UNIT 

Parallel Symposium – SIC 
 

SIC.1

ORIGIN FOR CARDIOVASCULAR CELL ACTIVATION IN 
PHYSIOLOGICAL SHOCK:, THE AUTO-DIGESTION HYPOTHESIS 

GW Schmid-Schönbein 
Department of Bioengineering, The Whitaker Inst. of Biomed. 
Engineering, Univ. of California San Diego, La Jo la, CA, USAl . 

Physiological shock as generated by intestinal ischemia is 
accompanied by cell activation, upregulation of pro-inflammatory genes 
and downregulation of anti-inflammatory genes, attachment of 
leukocytes to endothelium, elevated permeability, thrombosis, cell 
degranulation, apoptosis and other events leading to cell dysfunction 
and multi-organ failure. A fundamental question pertains to the origin of 
the inflammatory mediators in shock. Our recent evidence suggests that 
inflammatory mediators may be generated by the powerful digestive 
enzymes in the intestine. Synthesized in the pancreas as part of normal 
digestion, they have the ability to degrade almost all biological tissues 
and molecules. In the lumen of the intestine, digestive enzymes are fully 
activated and self-digestion of the intestine is prevented by 
compartmentalization in the lumen of the intestine facilitated by the 
mucosal epithelial barrier. Under conditions of intestinal ischemia or 
epithelial stimulation, however, the mucosal barrier becomes permeable 
to pancreatic enzymes allowing their entry into the wall of the intestine. 
The process leads to auto-digestion of the intestinal wall and production 
of a previously undescribed class of inflammatory mediators. They are 
released into the central circulation, lymphatics and the peritoneal 
cavity. These observations are in line with the hypothesis that multi-
organ failure in shock may be due an auto-digestion process by 
pancreatic enzymes. The analysis leads to new opportunities for 
intervention; for example, inhibition of pancreatic enzymes in the lumen 
of the intestine, serves to attenuate the inflammation in several forms of 
shock. Sponsored by HL56723. 

 SIC.2

STUDIES OF INTESTINAL MICROCIRCULATION IN HAEMORRHAGE 
AND SEPSIS 

J Duranteau, N Baudry, E Vicaut, GW Schmid-Schönbein 
Hopital Kremlin Bicêtre and Univ. Paris 7, France. 

Through the recent decade, the knowledge regarding all types of 
shock including sepsis has increased explosively. In many situations 
associated with large hemodynamics disturbances frequently found in 
intensive care units the perfusion of the gut mucosa appears as a key 
pathophysiological parameter. Using intravital microscopy, we studied 
the effects of hemorrhagic or endotoxin [ETX] shock and different 
treatments on the microvascular intestinal perfusion. Perfusion was 
evaluated by velocity of erythrocytes [red blood cells [RBC]] and the 
density of perfused villi in mouse small intestine. Endotoxin induces a 
significant decrease in mucosal perfusion characterized by a diminution 
in RBC velocity and flux in villi found even in a normotensive situation. 
At a high dose of ETX, these changes are associated with a significant 
decrease in the number of perfused villi. In addition, we found that at the 
same level of hypotension, hemodynamics and mucosal perfusion 
disorders are considerably larger in ETX-induced hypotension than in 
hemorrhagic hypotension. The effects of vasopressin, norepinephrine, 
and L-arginine alone or combined on intestinal microcirculation were 
also evaluated in endotoxin [ETX] shock. We found that: 1/ restoring 
MAP after a one-hour endotoxemia was not sufficient to restore ad 
integrum intestinal mucosa microvascular perfusion; 2/ L-arginine could 
have a beneficial effect at the microcirculatory level which was 
independent of MAP, 3/ administration of L-arginine combined with the 
maintenance of perfusion pressure by vasopressive drugs allowed a 
better preservation of intestinal microcirculation at an early stage of 
endotoxemia. 

SIC.3

NEW CONCEPTS AND TECHNOLOGIES FOR STUDYING THE 
MICROCIRCULATION IN ICU 

C Ince 
Dept of Physiology, Acad. Med. Center, Amsterdam, The Netherlands. 

Regional tissue dysoxia caused by microcirculatory dysfunction 
leading to mitochondrial depression underlies the condition in sepsis 
and shock where despite correction of systemic oxygen delivery 
variables, regional dysoxia and a deficit in oxygen extraction persist. 
This condition we have termed the Microcirculatory and Mitochondrial 
Distress Syndrome [MMDS] to identify the compartments and 
pathophysiology of this condition. In this view, MMDS is defined by the 
initiating condition leading to sepsis and genetic profile of the patient 
and also by the time the condition has persisted and the treatment 
regime being followed. We have been instrumental in introducing OPS 
imaging to the clinical monitoring of the microcirculation by succeeding 
in monitoring for the first time the microcirculation of human internal 
organs during surgery. We improved this technique by developing 
Sidestream Dark Field imaging [SDF imaging] which has provided even 
more detailed observation of the microcirculation at the bed-side. This 
has further led to our development of a software environment for 
quantitative recognition and analysis of microcirculatory SDF images 
and flow. It is expected that monitoring the microcirculation at the 
bedside of critically ill patients will be of prime importance in assessing 
the progress of critical illness and response to therapy. 

Declared interest: Can Ince is CSO of MicroVision Medical, an AMC 
based company providing SDF imaging and software as described in 
this abstract. 

 SIC.4

HEMORRHAGIC SHOCK AND MICROCIRCULATION 
D Payen 
Lariboisière Univ. Hospital, Paris, France. 

Hemorrhagic shock (HS) is complex being frequently associated with 
trauma and tissues damage. The consequences are: 1) a loss of 
effective volemia; 2) a strong activation of cardiovascular reflexes 
leading to a regional modification of vascular tone with intense 
vasoconstriction in some territories becoming hypoperfused;  3) an 
increase in metabolic requirements;  4) a reduction in perfused capillary 
units; 4) an activation of the coagulation system. The resuscitation may 
create a regional or a global ischemia/reperfusion syndrome. All of 
these effects may  induce multiple organ dysfunction (MOFS). 

The impact of HS on microcirculation had received a lot of attention in 
experimental model, but few on human beings. The resuscitation is 
based on macrocirculatory parameters (blood pressure, cardiac output, 
SvO2, lactate level) which poorly reflect microcirculation and tissue 
oxygenation. Using a hamster model, HS induced a reduction in 
microcirulatory blood flow, functional capillary density and interstitial 
PO2. Blood resuscitation caused an immediate blood pressure 
compensation but a persistent alteration in microcirculatory blood flow, 
capillary density and interstitial PO2 (1). For the clinician, the recent 
development in technologies allows to image microvessels, to evaluate
the capillary density, and to monitor the tissue PO2 or as a surrogate, 
the saturation of tissue hemoglobin. 
1. Sinaasappel, M., M. van Iterson, and C. Ince. 1999. Microvascular 
oxygen pressure in the pig intestine during 
haemorrhagic shock and resuscitation. J Physiol (Lond) 514(Pt 1):245-53. 
2. Kerger, H., K. F. Waschke, K. V. Ackern, A. G. Tsai, and M. 
Intaglietta. 1999. Systemic and microcirculatory 
effects of autologous whole blood resuscitation in severe hemorrhagic 
shock. Am J Physiol 276(6 Pt 2):H2035- 
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Thursday 31st August – 15:50-17:50 
TARGETED DRUG DELIVERY TO THE MICROCIRCULATION 

Parallel Symposium – STD 
 

STD.1

UNRAVELING THE TUMOR ENDOTHELIAL TRANSCRIPTOME BY 
GENE EXPRESSION PROFILING 

S Seaman, D Logsdon, C Graff-Cherry, B St. Croix 
Genetics Program, CCR, NCI-Frederick. 

To unravel the vasculature transcriptome, we developed techniques to 
isolate the endothelial cells lining blood vessels from multiple normal 
and tumor tissues, and then performed Serial Analysis of Gene 
Expression [SAGE] on the purified cells. To identify alterations induced 
by neighbouring malignant cells, we also compared gene expression 
patterns of endothelial cells derived from eight normal tissues and five 
tumors. Gene expression signatures that could separate physiological 
and pathological angiogenesis were also identified by comparing 
endothelial cells isolated from regenerating livers and tumor-bearing 
livers. Of the 24 transcripts predominantly expressed in tumor 
endothelium, 11 were also overexpressed in regenerating liver 
endothelium, while 13 were specifically elevated in tumor-associated 
endothelium. Most of the shared angiogenesis genes have expected 
roles in cell cycle control, but those specific for tumor endothelium were 
mostly cell surface molecules of uncertain function, or previously 
associated with inflammation. The new molecular information on tumor 
angiogenesis should aid in the development of clinically useful agents 
for improved diagnostics and therapeutics of cancer and other vascular 
diseases. 

 STD.2

TUMOR VASCULAR TARGETING WITH TNF AND IFN-GAMMA 

F Curnis, A Sacchi, A Gasparri, A Corti 
DIBIT-Dep . of Oncology, Cancer Immunotherapy and Gene Therapy 
Program, San Ra faele H Scientific Inst. Milan, Italy

t
f . 

Tumor vascular targeting is a promising approach for cancer 
treatment. In vivo panning of peptide-phage libraries in tumor-bearing 
animals has proven useful for selecting peptides able to interact with 
proteins expressed within tumor associated vessels and to home to 
neoplastic tissues. Among the various ligands identified so far, peptides 
containing the Asn-Gly-Arg [NGR]-motif and Arg-Gly-Asp [RGD]-motif 
have been used for delivering chemotherapeutic drugs, apoptotic 
peptides, liposomes and viral particles to tumor vessels. Peptides 
containing the NGR motif [e.g. CNGRC] bind to aminopeptidase N 
[CD13], a cell-surface peptidase that is upregulated in tumor blood 
vessels, whereas peptides containing the RGD-motif [ACDCRGDCFC] 
are ligands of integrins, such as αvβ3 and αvβ5, expressed by angiogenic 
vessels. We have found that CNGRC or ACDCRGDCFC peptides can 
be coupled to the N-terminus of tumor necrosis factor-α [TNF], by 
recombinant DNA technology, without impairing its capability to interact 
with membrane receptors. The therapeutic index of these conjugates, 
either when used alone or in combination with chemotherapeutic drugs 
in tumor-bearing mice, is markedly increased compared to TNF. 
Furthermore we have demonstrated that the same targeting strategy 
can be applied to other cytokines, such as interferon-γ, enabling 
administration of therapeutic doses in the picogram range. Evidence 
was obtained to suggest that tumor vascular targeting with very low 
doses of cytokines reduces, on the one hand, the risk of toxic reactions 
and, on the other hand, avoids counter-regulatory mechanisms that 
occur with high doses of non-targeted cytokines. 

STD.3

TARGETED LIPOSOME MEDIATED DRUG DELIVERY INTO 
ENDOTHELIAL SUBSETS AND ENDOTHELIAL CELLS IN 
INFLAMMATORY SITES. 

JAAM Kamps [1], SA Ásgeirsdóttir [1], HWM Morselt [1], M Bartsch [2], 
GL Scherphof [2], G Molema [1] 
[1] Dept. of Pathology & Laboratory Med., Med. Biology section, [2] 
Dept. of Ce l Biology, Univ. Med. Center Groningen. l

Endothelial cells are relevant for targeted liposome mediated drug 
delivery, because of their involvement in a variety of pathophysiological 
processes. Furthermore endothelial cells are accessible for substances 
transported by the blood. The heterogeneity of the endothelium with 
respect to appearance and function allows for organ or disease specific 
drug delivery approaches either to modulate endothelial cell function or 
to directly interfere in the pathological process. Liver specific endothelial 
cell targeting was achieved by covalent attachment of polyanionized 
human serum albumin [Aco-HSA] to the surface of liposomes. Almost 
60% of the injected dose of antisense oligonucleotides containing Aco-
HSA liposomes were taken up by liver endothelial cells via scavenger 
receptors. In vitro, these targeted liposomes containing Intracellular Cell 
Adhesion Molecule-1 [ICAM-1] antisense caused significant down 
regulation of ICAM-1 mRNA. Activated endothelial cells present in 
chronic inflammation were targeted by immunoliposomes containing 
dexamethasone [dex], using anti-E-selectin monoclonal antibody as a 
homing device. In vivo, in a mouse model of glomerulonephritis, 
injection of dex-immunoliposomes revealed specific uptake in the 
diseased glomeruli of the kidneys and resulted locally in a down 
regulation of inflammation related genes. Systemic hyperglycemia 
induction seen with free dexamethasone was absent in the dex-
immunoliposome treated group. These data demonstrate the feasibility 
of selective targeting of liposomes to both organ-specific endothelium 
and disease-activated endothelium with the aim to exert local 
pharmacological effects. 
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Thursday 31st August – 15:50-17:50 
STRUCTURE AND FUNCTION OF MICROVASCULAR NETWORKS 

Parallel Symposium – SNE 
 

SNE.1

CAPILLARITY, REGIONAL BLOOD FLOWS, AND METABOLISM 

J Bassingthwaighte 
University of Washington, Seattle. 

Studies on the heart reveal issues common to all organs. Flow 
heterogeneity, recognized 40 years ago as being extraordinarily broad 
for a monofunctional organ with all of its parts contracting in near 
synchrony, provoked first scepticism, then much scrutiny, for the 
explanation was not at all obvious. Further the spatial patterns of 
heterogenity of flow remain stable over a wide range of cardiac output 
and load, and change little, even over a day, in awake animals. 
Vasodilation with adenosine destroys that correlation. While the answer 
is not in, it appears that the regulation of vasomotor tone is a part of this 
scenario. While network structure gives reproducible heterogeneities in 
vasodilated hearts, it is not at all the same as in the normal state, so it 
appears that the dilated vascular structure is not a primary determinant 
of normal regional flows. 

 SNE.2

CORONARY BRANCHING PATTERNS: MOVING TOWARDS 
REALITY 

JAE Spaan 
Dept of Med. Physics, AMC, Univ. of Amsterdam 

It has been widely acknowledged that understanding of the distribution 
of blood flow over the myocardium in health and disease requires 
detailed quantification of intramural vascular structures. However, the 
number of small vessel segments within the coronary system is so large 
that fully detailed measurements over a piece of tissue of some 
significance were practically not possible until recently. 

In the past decades, branching rules were derived from coronary 
vascular casts in terms of diameter growth, segmental length-diameter 
relations and other branching characteristics. These rules were then 
applied to branching models to predict blood flow distribution. However, 
three-dimensional properties were largely lost by these methods and 
additional assumptions were necessary for model reconstructions. 

Recent developments have made imaging of intramural vascular 
structures possible. These techniques are high resolution CT and the 
Imaging Cryomicrotome. The CT method is restricted to hearts of 
smaller species allowing resolutions in the micrometer range while the 
cryomicrotome allows the investigation of hearts of larger animals and 
humans, but with a spatial resolution of about 20 micrometers. Both 
methods result in three-dimensional images with huge datasets of up to 
64⋅109 pixels. These volume images allow in principle the derivation of 
detailed three-dimensional branching rules and at the same time 
prediction of flow distribution for validation. 

In this presentation the need for acquiring more detailed information 
on coronary vascular structure will be described and the first results 
from the imaging cryomicrotome will be presented. 

SNE.3

MOLECULAR REGULATION AND PHARMACOLOGICAL 
MODULATION OF NETWORK GENERATION AND VESSEL 
MATURATION 

RJ Price 
Dept. of BioMed. Engineering, Univ. of Virginia. 

The formation and maturation of structurally stable and functional 
microvascular networks is dependent on the coordination of multiple 
signaling pathways and cell behaviors. Here, we focus on capillary 
sprouting and vessel maturation. Using a rat mesentery model of 
angiogenesis, we have identified a CD36- capillary sprout specific 
endothelial cell [EC] phenotype. Because Thrombospondin-1 [TSP-1] 
exerts its anti-angiogenic actions through CD36 binding, we hypothesize 
that CD36 downregulation protects sprouting ECs from endogenous 
TSP-1. In support of this hypothesis, angiogenesis is accelerated by 
blocking both CD36 and TSP-1. In addition, VEGF is abundantly 
expressed in this model and dose-dependently drives the 
downregulation of CD36 in ECs, indicating a novel mechanism through 
which VEGF sustains angiogenesis in the presence of TSP-1. With 
regard to vessel maturation, we studied how the delivery of PDGF-BB 
and TGFβ, which modulate smooth muscle proliferation, migration, and 
differentiation, affect arteriolar and venular remodeling. Using 
poly[lactide-co-glycolide] beads as delivery vehicles and the mouse 
dorsal skinfold window chamber for repeated diameter measurements, 
we found that the slow release of PDGF-BB elicited a marked expansion 
of venular diameters, but had no affect on arterioles. Interestingly, faster 
PDGF-BB release rates elicited no changes for either vessel type, and 
TGFβ application caused a lumenal narrowing of the arterioles and 
venules. Although the mechanisms of these response are still being 
studied, our results demonstrate the importance of delivery kinetics in 
pharmacological strategies for modulating vessel remodeling. 

 SNE.4

COMMON MECHANISMS INVOLVED IN GUIDANCE OF BLOOD 
VESSELS AND NERVES. 

F le Noble 
Max Delbrueck Center for Molecular Med. Lab. for Angiogenesis and 
Cardiovascular Pathology, Berlin, Germany. 

Blood vessels and nerves are complex, branched structures that share 
a high degree of anatomical similarity. Guidance of vessels and nerves 
has to be exquisitely regulated to ensure proper wiring of both systems. 
Although superficially distinct, the mechanisms involved in wiring neural 
and vascular networks share functional similarities. Axonal growth 
cones direct the outgrowth of developing axons in response to attractant 
or repulsive guidance cues. The anatomical equivalent of the axonal 
growth cone in the vascular system is the endothelial tip cell at the edge 
of angiogenic vessel sprouts. It sends out filipodia that sense growth 
factor gradients and guides the angiogenic sprout during early 
development. We report that the molecular mechanisms that regulate tip 
cell identity and sprout guidance are similar to the developing nervous 
system. We show that tip cell identiy is controlled by Notch-Delta 
signaling. An endothelial cell sensing a gradient of the attractant 
vascular endothelial growth factor [VEGF], transforms in a tip cell, 
releases the notch ligand delta-like-4 [Dll4], which activates Notch 
receptors on adjacent endothelial cells and results in repression of tip 
cell identity in these cells. The concept of differentiating cells repressing 
the fate of neighboring cells is an established neurobiological principle 
termed lateral inhibition. In addition we show that the repulsive netrin 
receptor UNC5B expressed in the vascular systems regulates 
endothelial tip cell behavior and guidance events controlling branching 
morphogenesis of the vascular system. We conclude that the vascular 
system has co-opted branching control principles from the neuronal 
system. 
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Thursday 31st August – 15:50-17:50 
STRUCTURE AND FUNCTION OF MICROVASCULAR NETWORKS 

Parallel Symposium – SNE 
 

SNE.5

HEMODYNAMIC AND METABOLIC FACTORS CONTROLLING 
VESSEL STRUCTURE 

AR Pries [1,3], B Reglin [1], TW Secomb [2] 
[1] Dept. of Physiology, Charité-Berlin, Germany, [2] Dept. of 

. Physiology, Univ. of Arizona, USA, [3] DHZB Berlin, Germany

Background: Structural properties of small vessels [diameter, wall 
thickness] are dynamically controlled by continuous structural 
adaptation in response to tissue requirements. This adaptation is driven 
by local stimuli. Functional properties related to vessel structure are 
emergent properties of the respective vascular response characteristics. 
Here we explore possible sets of such responses compatible with 
experimental data on microvascular networks. Approach: The 
topological arrangement of segments, length, diameter, flow velocity 
and hematocrit in mesenteric networks were measured. Distributions of 
blood flow, hematocrit and oxygen were predicted by model simulation. 
Diameter and wall mass of each segment were assumed to vary in 
response to fluid shear stress, circumferential wall stress, and tissue 
metabolic status, as indicated by local partial pressure of oxygen. 
Metabolic signals were assumed to be propagated upstream and 
downstream along vascular segments. Results: A minimal set of 
adaptive responses included: increase in diameter with increased wall 
shear stress and increased metabolic signal; increase in wall mass with 
increased circumferential stress; decline in vascular sensitivity to wall 
stress with increasing wall thickness. With this set, the functionally 
important relationships between pressure and shear stress, and 
between diameter and circumferential stress, can be predicted as 
observed in vivo. Conclusions: The combination of experimental data 
with mathematical simulations allows analysis and prediction of 
structural vascular responses and their functional implications under 
normal and pathophysiological conditions. 

 SNE.6

FULLY AUTOMATED METHOD OF VASCULAR RECONSTRUCTION 

N Smith, J Lee 
Bioengineering Inst. and Dept. of Engineering Science, Auckland, New 
Zealand. 

In this study, we develop a fully automated method of vascular
reconstruction by combining, modifying and extending a number of 
vessel reconstruction techniques available in literature. This algorithm is
applied on high-resolution rat heart data obtained using micro-CT. 

Tests are performed on a variety of synthetic images to assess the
accuracy and robustness of the methods. The accuracy of the detected
radii are subjected to further scrutiny, by comparing the results of the 
reconstructed networks from low- and high-resolution scans of the same 
sample specimen. Lastly, the fully reconstructed micro-CT dataset of rat 
coronary vasculature is presented. 
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Friday 1st September – 08:30-09:30 
PLENARY LECTURE 2: MALPIGHI AWARDEE 

Plenary Lecture and Awards – LEC2 
 

LEC2.1

FORWARDS UNDER PRESSURE: FLOW AND PRESSURE AS 
VASCULAR SIGNALS 

U Pohl 
Walter Brendel Centre of Experimental Med., Ludwig Maximilians Univ. 
Munich, Germany. 

Since the original observations that pressure and flow can affect 
vascular diameter were published by W. Bayliss and by A. 
Schretzenmayr in the early 20th century, many investigations have 
focussed on the fascinating question of the conversion of physical 
forces into biochemical events in the vascular cells. Especially in the 
microcirculation, pressure and flow have been shown to be involved in 
the acute adaptation of blood flow to oxygen demands where these two 
stimuli interact and exert somewhat antagonistic effects in the control of 
blood flow. Moreover, chronic alterations of either stimuli result in 
vascular remodelling, a process that comprises a rearrangement of 
smooth muscle cells relative to their matrix as well as the induction of 
proliferation and probably invasion of progenitor cells. The question of 
what represents a primary sensor of flow-related wall forces or of 
pressure is still not yet fully resolved, but cell-matrix interactions and 
integrins are evolving as significant parts of this sensing system. 
Cellular responses comprise synthesis of endothelial dilators, changes 
of vascular gene expression, alteration of intercellular communication 
and activation of enzymes involved in the control of vascular tone. One 
exciting field is the contribution of oxygen free radicals, lipid mediators 
and the Rho/ Rhokinase pathway to the induction and maintenance of 
the myogenic constriction, which is an integral part of the control of 
basal microvascular tone. 

 

CURRICULUM VITAE OF ULRICH  POHL 

Date of Birth: October 17, 1950 
 
A. Medical Education: 

1970-1976 University of Munich, Medical School 
1977 Internship: Munich-Neuperlach Hospital,  
1978 Dr. med. (equivalent to M.D.) 

 
B. Positions: 

1978-1979 Postdoc, Max-Planck-Institute of Systemic Physiology, Dortmund 
1979-1981 Postdoc, University of Erlangen 
1981-1982 Medical Service, German Airforce 
1982-1990 Postdoc and later on Assistant Professor, University of Freiburg (parallel to clinical work in Cardiology) 
1990-1995 Associate Professor, Medical University of Lübeck 
1992 recruited for a full professorship in physiology at the McGill University, Montreal, Canada (not accepted) 
1995-1998 Professor of Physiology and Chairman, Institute of Physiology, Joh.-Gutenberg-University Mainz 
since 1998 Professor of Physiology, Chairman of Vegetative Physiology, Institute of Physiology, Ludwig-Maximilians University 

Munich 
 
Research interests: 

Local control of blood flow and tissue oxygenation, particularly by endothelial mechanisms. Effect of endothelial autacoids 
on the regulation of thrombocyte activation. Mechanisms of endothelial stimulation and gene expression by mechanical 
forces. Role of gap junctions in vascular signalling processes. 
Inaugurated concepts: 
Role of the endothelium in mediating flow-(shear stress)induced dilation  
Mutual interaction of myogenic constriction and flow dependent dilation in microvessels 
Establishment of the pivotal role of calcium-(de-)sensitizing mechanisms in the control of microvascular tone 

 
Editorial Work: 

Chairman of the European Editorial Committee of „Physiological Reviews“  (until 2003) 
Main editor Journal of Vascular Research (since 2002) 
Associate editor of “Physiology”   (formerly “News in Physiology”) 
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Friday 1st September – 09:30-12:00 
PLATELETS IN VASCULAR DISEASE 

Plenary Symposium – SPL 
 

SPL.1

BLOOD PLATELETS IN ATHEROGENESIS 

H Langer , S Lindemann  and M Gawaz  
Medizinische K inik III, Eberhard Karls Universität Tübingen, Germany. l

Platelets play a critical role in haemostasis and thrombosis. However, 
it is increasingly recognized that platelets are involved in atherogenesis 
and atheroprogression. Atherosclerosis is characterized by a chronic 
inflammation resulting in vascular remodelling mechanisms that are 
critically involved in progression of the disease. Platelets represent an 
important linkage between inflammation, thrombosis and atherogenesis. 
Inflammation is characterized by interactions between platelets, 
leukocytes, and endothelial cells. These interactions trigger autocrine 
and paracrine activation processes leading to leukocyte recruitment into 
the vascular wall. Platelet-induced chronic inflammatory processes at 
the vascular wall result in development of atherosclerotic lesions and 
atherothrombosis. Inhibition of platelet adhesion to the vessel wall 
results in substantial attenuation of atherosclerosis in mouse models. 
Evaluation and understanding of platelet-mediated processes of 
atherogenesis may lead to novel therapeutic strategies in patients with 
atherosclerotic diseases. 

 SPL.2

BLOOD PLATELETS IN ATHEROTHROMBOSIS: COMBINED 
ANTIPLATELET THERAPY 

RJG Peters 
Academic Medical Center, Dept. of Cardiology, Amsterdam, The 
Netherlands. 

Platelets play a central role in thrombotic complications of 
atherosclerotic coronary artery disease, and pharmacologic platelet 
inhibition is one of the key components of the prevention and treatment 
of such complications. Three classes of drugs are used in daily practice: 
inhibitors of cyclo-oxygenase [e.g. aspirin], thienopyridines [e.g. 
clopidogrel], and glycoprotein 2b/3a inhibitors [e.g. abciximab]. The 
indications and guidelines for these drugs and their combinations have 
become complex. The main determinants are the risk of complications, 
the risk of bleeding complications caused by drug therapy, stable versus 
unstable disease, and whether or not a percutaneous coronary 
intervention is performed. Evidence from clinical trials for each of these 
indications will be reviewed. 

SPL.3

BLOOD PLATLETS IN ISCHEMIA AND REPERFUSION. 

DN Granger 
Dept. of Molecular and Ce lular Physiology, LSU Health Sciences 
Center, Shreveport, Louisiana, USA

l
. 

Reperfusion of ischemic tissues is well known to result in the 
recruitment of leukocytes in postcapillary venules, with the leukocytes 
contributing to increased vascular permeability and parenchymal cell 
injury. There is growing evidence that the adhesion of leukocytes in 
post-ischemic tissues is also accompanied by the accumulation of 
platelets. Studies in the cerebral and mesenteric microvasculature 
reveal that the adhesion of leukocytes in venules precedes the 
accumulation of platelets. Low venular shear rates during the ischemic 
period promote the accumulation of both leukocytes and platelets, 
however leukocyte adhesion is required in order for platelets to 
accumulate. The dependence of platelet adhesion on P-selectin, 
CD11/CD18, and ICAM-1 in ischemic and post-ischemic venules is 
consistent with a mechanism wherein platelet-associated P-selectin 
binds to PSGL-1 on adherent leukocytes. Approximately 75% of the 
platelet adhesion induced by ischemia/reperfusion [I/R] appears to 
result from platelet-leukocyte interactions, with only 25% of the platelets 
binding directly to venular endothelium. Although the majority of 
adherent platelets are associated with leukocytes, <50% of adherent 
leukocytes are platelet bearing, suggesting that not all adherent 
leukocytes support platelet adhesion. Additional mechanistic studies 
have revealed an exacerbation of I/R-induced platelet adhesion during 
hypercholesterolemia, as well as the involvement of CD40-CD40ligand 
signaling and the angiotensin II type 1 [AT-1] receptor in the recruitment 
of platelets in the postischemic microvasculature. 

 SPL.4

BLOOD PLATELETS IN DIABETES 

H ten Cate, HR Hansen, DW Sommeijer, HMH Spronk, E Bevers 
Maastricht Univ. and Acad. Hospital Maastricht, The Netherlands. 

Diabetes mellitus and particularly type 2 [DM2] is associated with a 
burden of cardiovascular disease, due to accelerated atherosclerosis 
and microvascular disease. Activated blood coagulation plays an 
important role, due to inflammatory mediated tissue factor expression 
and coagulation proceeds due to enhanced propagation and 
downregulated fibrinolysis. Platelets have an increased sensitivity for 
normally subthreshold concentrations of agonists, reflected by a 
hyperreactive state. Hyperglycemia is a particularly important factor in 
platelet metabolism contributing to hyperreactivity, by several 
mechanisms such as increased production of reactive oxygen species. 
Our studies show that hyperglycemia, which contributes to a 
proinflammatory vascular phenotype, accelerates platelet dependent 
thrombin generation ex vivo and causes more rapid arterial occlusion in 
a carotid artery model in mice. In addition to other metabolic factors that 
induce a hypercoagulable state in DM2 the accelerated platelet 
response may be of clinical importance. In addition to platelet inhibitors 
the application of statins for dyslipidemia may have the favorable effect 
of attenuating the expression of Gp IIIa, which may lead to reduced 
platelet responsiveness in diabetes. We conclude that current 
pathophysiological evidence suggests an important role for platelet 
activation in diabetic cardiovascular disease. Clinical trials must now be 
targeted at diabetic populations to assess the efficacy and safety of 
platelet inhibiting agents such as aspirin and/or clopidogrel. 
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WRB.1

CROSS-INTERACTIONS BETWEEN CO AND NO SIGNALING IN 
MICROVASCULAR ENDOTHELIUM 

M Kajimura [1], M Ishikawa [2], T Adachi [1], K Maruyama [1], N Goda
[1], M Suematsu [1] 
[1] Dept. of Biochemistry and Integrative Med. Biology, Tokyo, Japan, 
[2] Dept. of Neurosurgery, National Hospital Organization Saitama 
Hospital, Sa tama, Japani . 

Carbon monoxide [CO] is synthesized endogenously by heme 
oxygenase [HO] which degrades heme to biliverdin-IXα. Like nitric oxide 
[NO], CO has a vasodilatory property in the liver where endogenous NO 
production appears low. However, in the brain, which produces
relatively high NO, it is unknown how these gaseous monoxides interact 
to control cerebrovascular tone. Here we show that CO derived from HO 
acts as a tonic regulator against NO-dependent vasodilatation in the 
adult rat brain. We found that suppressing endogenous CO caused an 
increase in arteriolar diameter that was accompanied by an increase in 
local NO generation. We examined further if such an inhibitory function 
of CO on NO generation is mediated through the ability of CO to bind 
the prosthetic heme of gas-producing enzymes. Using cultured porcine 
aortic endothelial cells [PAECs], we measured NO generation by an 
NO-specific fluorescent dye. Treatment with CO-releasing molecule 
attenuated the time-dependent elevation of NO generation. This effect 
of CO to suppress NO generation was cancelled by exposing PAECs to 
white light raising a possibility that CO directly targets the ferrous heme 
of NOS3 to inhibit the catalytic activity. Furthermore, immuno-
histochemical analyses of the rat brain showed that HO-2 occurred in 
neurons and arachnoid trabecullar cells where NOS1 resided, and also 
in vascular endothelium expressing NOS3, suggesting colocalization of 
CO- and NO- generating sites. Our results demonstrate an importance 
of spatial relationship among the gas-producing enzymes and their 
reception systems in evaluating roles of the two gases. 

 WRB.2

BAND-3 AND PHOSPHATIDYL-SERINE AS DETERMINANTS OF RED 
BLOOD CELLS INTERACTION WITH ENDOTHELIAL CELLS. 

S Yedgar, A Koshkaryev, Y Ramot, G Barshtein 
Dept. of Biochemistry, Hebrew Univ., Hadassah Med. School, 
Jerusalem. 

Red blood cell [RBC] adherence to endothelial cells [EC] of blood 
vessel walls is a potent catalyst of vaso-occlusion. Normally, RBC/EC 
adhesion is negligible, but it is enhanced in pathological conditions, 
particularly oxidative stress states. Previous studies pointed to 
phosphatidyl-serine [PS] as the major inducer of RBC/EC adhesion. 
However, other studies suggested the association of RBC band-3 
clustering with adhesion to EC. To explore the contribution of surface 
PS and clustered band-3 to RBC adherence, human RBC were treated 
with agents that have been assumed to induce either band-3 clustering 
or PS externalization. These included acridine orange [AO] and Zn++ 
[considered selective inducers of band-3 clustering], or Ca++ ionophore 
[considered a selective inducer of PS translocation]. In addition, RBC 
were treated with hydrogen peroxide [HPO] or phenyl hydrazine 
[mimicking ß-thalassemia]. Subsequently, RBC adherence to cultured 
EC was determined as a function of shear stress. All these treatments 
elevated RBC adherence in a concentration-dependent manner. 
However, contrary to expectations, the band-3 cluster “inducer” also 
induced PS translocation, and Ca++ ionophore also induced band-3 
clustering. This seemed to suggest that these two processes are 
interdependent and vital for RBC/EC adhesion. However, HPO induced 
band-3 clustering, but did not induce PS translocation. Although HPO 
induces Ca++ transport [expected to translocate PS], it also inhibits the 
scramblase, which catalyzes PS externalization. It thus seems that 
although RBC/EC adhesion is facilitated by both surface PS and 
clustered band-3, it can be obtained also without participation of surface 
PS. 

WRB.3

ADHESION OF ERYTHROCYTES TO ENDOTHELIAL CELLS AFTER 
ACUTE EXERCISE 

A Temiz Artmann [1], M Akhisaroglu [2], H Resmi [3], M Kayatekin [2], 
GM Artmann [1] 
[1] Aachen Univ. of Applied Sciences, Dept. of Cell Biophysics and 
Bioengineering, Germany, [2] Izmir Dokuz Eylül Univ., Med. School, 
Dept. of Physiology, [3] Izmir Dokuz Eylül Univ., Med. School, Dept. of 
Biochemistry. 

Exercise is known to be effective in the prevention of cardiovascular 
diseases. Despite the cardio-protective mechanisms influenced by 
exercise, it may initiate various mechanical, chemical and thermal 
effects preconditioning endothelial and blood cells for future stresses. It 
was shown that during exercise, an inflammatory response due to 
leukocyte activation and alterations in the cytokine system is triggered. 
Leukocyte activation after exercise affects erythrocytes [RBC] as well as 
endothelial cells [EC]. The rheological properties of RBC are affected by 
oxidative cellular damages. These include RBC membrane lipid 
peroxidation and protein oxidation after exercise. On the other hand, 
RBC adherence to the endothelium may initiate and promote 
intravascular slugging and occlusions leading to tissue ischemia and 
organ damage. In our studies, effects of acute exercise on RBC 
adhesion to cultured rat glomerular EC before and after antioxidant 
supplementation was investigated. The other followed RBC membrane 
mechanics were RBC deformability and aggregation. The studies were 
performed with juvenile and adult rats. Oxidative damage markers, RBC 
membrane sialic acid and antioxidant enzyme activities of RBC as 
superoxide dismutase [SOD]and glutathione peroxidase were 
evaluated. In parallel, studies on plasma fibronectin and fibrinogen 
levels in response to exercise were performed which might help explain 
some of the results. A better understanding of the effects of exercise on 
RBC adhesion to endothelial cells may direct helping to prevent of 
thromboembolic phenomena and cardiovascular diseases including 
sudden deaths. The results will be presented during the session. 

 WRB.4

SICKLE CELL ANEMIA; A VASCULAR DISEASE 

FA Kuypers 
Children's Hospital Oakland Research Inst. Oakland, USA. 

Sickle cell disease [SCD], characterized by a simple amino acid 
substitution at the 6 position in beta globin affects millions of humans. 
While the abnormal sickle hemoglobin will lead to premature demise of 
the red cell and anemia, major complications of sickle cell disease 
include acute chest syndrome, pulmonary hypertension and stroke. 
Therefore SCD, earmarked as the first molecular disease 57 years ago, 
can be defined as a vascular disease. In recent studies, it has become 
apparent that a dysfunction in arginine metabolism in part due to high 
levels of arginase released from hemolyzing red cells [RBC] affects the 
bioavailability of nitric oxide and thereby modulates vaso occlusive 
crisis, the hallmark of SCD pathology. Sickle hemoglobin results in high 
levels of reactive oxygen species in RBC as well as in plasma, which 
together with iron overload induced by transfusion treatment results in 
significant oxidant RBC and endorgan damage. Sickle RBC expose 
phosphatidylserine on their surface, leading to RBC recognition and 
removal by macrophages, increased interaction with endothelial cells 
and an imbalance in hemostasis, all contributing to the clinical 
pathology. Greatly improved management of sickle cell patients has 
made chronic vascular damage by inflammatory and oxidant 
mechanisms over the life of these patients more apparent including a 
high occurrence of pulmonary hypertension. Acute chest syndrome the 
major cause of death of sickle cell patients is characterized high plasma 
levels of secretory phospholipase A2 type IIa that predict the onset of 
acute chest syndrome and plays a key role in the actual damage of lung 
vasculature. 
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OCC.1

EXPRESSION OF ENDOTHELIAL CONNEXINS IN RESISTANCE 
VESSELS FROM THE RENAL MICROCIRCULATION 

TH Braunstein, CM Sorensen, NH Holstein-Rathlou 
Dept. Med. Physiology, Univ. of Copenhagen, Denmark. 

We have previously shown that conducted vasomotor responses in 
juxtamedullary microcirculation were approximately 40% greater in 
Spontaneously Hypertensive Rats [SHR] than in normotensive Sprague 
Dawley [SD] rats. It has been suggested that this signal is mediated by 
connexins present in the endothelial cells of renal arterioles. We 
therefore hypothesized that the magnitude of the vasomotor response 
would be rate limited by the amount of endothelial connexin present in 
the renal arterioles and expected to find an upregulated connexin 
expression in SHR as compared to SD. In an attempt to account for 
differences in genetical background of the rat strains we included the 
normotensive Wistar-Kyoto rat [WKY]. The expression of connexin 37, 
40 and 43 was assessed in rat renal arterioles by quantitative 
immunofluorescence laser confocal miscroscopy. We found, 
surprisingly, a significantly increased expression [240 ± 17.6%] of Cx37 
in renal arterioles of WKY rats as compared to SD and SHR. Apparently 
this high expression of connexin 37 [Cx37] was not governed by the 
blood pressure since SD demonstrated a similar expression of Cx37 as 
did SHR. We expect this high expression to be a result of diverse 
genetics of the WKY and SHR and suggest that Cx37 expression in the 
endothelium of renal arterioles is not linked to blood pressure. 
Contradictory to our hypothesis we found no evidence for an 
upregulated expression of Cx40 and Cx43 [nor Cx37] in renal arterioles 
of SHR when compared to its two normotensive counterparts. This 
leads us to conclude that in rat renal arterioles the strength of the 
conducted response is not limited by the amount of connexins in the 
endothelial cells. 

 OCC.2

NOT JUST A CHANNEL: SPECIFIC CONNEXIN PROPERTIES ARE 
REQUIRED FOR GAP JUNCTIONAL COMMUNICATION IN 
ARTERIOLES 

V Schmidt [1], B Hoepfl [1], S Alcoléa [2], D Gros [2], C de Wit [1] 
[1] Dept. of Physiology, Univ. Lübeck, [2] Univ. de la Méditerranée, 
Marseille. 

Intercellular communication via gap junction channels [GJC] 
contributes to the coordination of arteriolar tone which is reflected by the 
conduction of vasomotor responses. GJC in arterioles are composed of 
Cx40, 37, 45 and 43. It is unknown if Cx are interchangeable or exhibit 
specific properties to support cellular function. We investigated if Cx45, 
which exhibits a smaller conductance than Cx40, can functionally 
replace Cx40 using mice in which Cx45 is expressed in place of Cx40 
[Cx40KI45]. Propagation of dilations and constrictions initiated by 
acetylcholine [ACh] or KCl [3M] were studied in arterioles [~33 µm] of 
the cremaster muscle by intravital microscopy in Cx40-deficient 
[Cx40KO], Cx40KI45, and wildtype [wt] mice. ACh and KCl were applied 
with micropipettes. In addition, arterial pressure was measured using 
telemetry. ACh induced a similar dilation in all genotypes at the site of 
stimulation [58-69%]. This dilation was conducted to distant sites and 
the amplitude was 54±8% at 1200 µm upstream in wt. However, in 
Cx40KO this remote dilation was significantly reduced to 29±4%. In 
Cx40KI45 remote dilations were impaired to a similar degree [21±4%]. 
In contrast, the propagation of KCl-induced constrictions was 
comparable in all genotypes. Arterial pressure was strongly elevated in 
Cx40KO [168±2 vs. 118±3 mm Hg in wt], but only slightly in Cx40KI45 
mice [130±8 mm Hg]. In summary, Cx40 function is critical for the 
conduction of dilations and cannot be compensated for by Cx45 
substitution. Therefore, specific Cx-properties are necessary to support 
conduction along the endothelium, whereas other functions may be 
partially restored by Cx45. 

OCC.3

DIFFERENT MECHANISMS AMPLIFY CONDUCTED DILATIONS 
INDUCED BY ADENOSINE AND ACETYLCHOLINE IN VIVO 

SE Wölfle, C de Wit 
Physiologisches Institu , Universität Lübeck, Germany.t  

Conducted dilations are attributed to the spread of hyperpolarizations 
via gap junctions. However, dilations span larger distances than can be 
explained by electrotonic conduction, therefore an ampifying 
mechanism must exist. We studied the mechanisms that support the 
conduction of dilations induced by adenosine [Ado] and acetylcholine 
[ACh]. ACh and Ado were applied via micropipettes and dilator 
responses were assessed at local and distant sites by intravital 
microscopy in the mouse cremaster muscle. Responses were studied 
after blockade of NOS and COX before and after superfusion of different 
ion channel blockers. Local dilations to ACh were abrogated by 
blockade of KCa-channels [charybdotoxin,1 µM, 53% vs 10%] whereas 
Ado dilations were abolished by the KATP blocker glibenclamide [1µM, 
53% vs. 1%]. Bupivacaine, a blocker of K- and Na-channels abrogated 
the conduction of locally initiated Ado dilations without effect on 
conduction of responses after ACh application. Neural pathways were 
not involved since mepivacaine did not affect conducted dilations. The 
spreading ACh dilation was diminished by blockade of KV channels [4-
AP, 1 mM, 1100 µm: 52% vs 20%] whereas the conduction of Ado 
dilations was reduced by blockade of KIR channels [Ba2+, 75 µM,1100 
µm 30% vs 10%]. We conclude that local hyperpolarizations initiated by 
activation of KCa- [ACh] or KATP-channels [Ado] induce conducted 
dilations. Although a hyperpolarization seems to be the common 
denominator, the conduction involves different mechanisms, which can 
be distinguished with bupivacaine. 

 OCC.4

MULTIPLE ENDOTHELIAL CELL CALCIUM SIGNALING PATHWAYS 
CONTRIBUTE TO A SPREADING DILATION IN MOUSE CREMASTER 
ARTERIOLES. 

WE Crowe, IH Sarelius 
Dept. of Pharmacology and Physiology, Univ. of Rocheste , Med. 
Center, Rocheste , NY. 

r
r

The role of endothelial cell calcium [EC Ca] in propagating a spreading 
dilation is poorly understood. To further investigate the involvement of 
Ca in a spreading dilation, arterioles in cremaster muscle of 
anesthetized [Na pentobarbital, 65 mg/kg ip] mice [n=3] were 
cannulated and intraluminally perfused with 5 µM fluo-4 AM; this was 
followed by the restoration of blood perfusion. Endothelial cells loaded 
with fluo-4 were visualized with a 20x water immersion lens [N.A. 0.5] 
and video-rate confocal microscopy. Local application of acetylcholine 
[10-4 M, 500 ms] invoked a rapid rise in EC Ca which began 0.74±0.22 s 
after the micro-ejected pulse; peaking at 1.3±0.4 s with a magnitude of 
2.9±0.4 F/Fo. This local spike induced an intercellular Ca wave that 
spread to neighbouring cells at 47±10 µm/s, but with reduced magnitude 
[1.8±0.7 F/Fo, ~150 µm]. In contrast, the local dilation was slower to 
initiate [onset 1.2±0.3 s; peak 5.8±1.2 s] but spread upstream faster 
[760±320 µm/s] than the Ca wave. Nevertheless, an increase in EC Ca 
[1.21±0.06 F/Fo] was also observed at remote sites [>500 µm] during 
the dilation. Given that the intercellular Ca wave invoked by ACh was 
too slow to account for the rise in Ca at the remote site, an additional Ca 
signaling pathway must have been activated. We conclude that, in situ, 
multiple Ca signaling pathways contribute to the initiation and 
propagation of this spreading dilation. [Supported by: HL18208, HL 
75186, HL 76414] 
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OCC.5

CONNEXIN 43 PLAYS A KEY ROLE IN EDHF MEDIATED 
RELAXATION OF HUMAN RESISTANCE ARTERIES 

NN Lang [1], L Luksha [2], DE Newby [1], K Kublickiene [2] 
[1] Dept. of Cardiovascular Science, Univ. of Edinburgh, UK, [2] Dept. of 
Obstetrics and Gynaecology, Karolinska Inst., Sweden. 

Background The nature of endothelium-derived hyperpolarising factor 
[EDHF] is controversial but gap junctions appear to have a central role. 
Using connexin mimetic peptides [CMPs], we assessed the role of gap 
junctions in EDHF mediated relaxation of human arteries. 
Methods/Results Resistance arteries were obtained from subcutaneous 
fat biopsies from healthy pregnant women undergoing elective cesarean 
section. Using wire-myography, responses to the endothelium-
dependent vasodilator bradykinin [BK] were assessed after 
preconstriction. Incubation with L-NAME and indomethacin [nitric oxide 
synthase and cyclooxygenase inhibitors, respectively] attenuated 
maximal relaxation to BK [Rmax] by approx. 50%. Co-incubation of 
vessels with L-NAME, indomethacin and the combined CMPs 
[37,43Gap27, 40Gap27 and 43Gap26, 300µmol/L each] almost 
abolished relaxation to BK [Rmax 12.2±3.7%]. In arteries incubated with 
L-NAME and indomethacin, the addition of either 37,43Gap27 or 
40Gap27 [900 µmol/L] had no significant effect on Rmax whilst 
43Gap26 [900 µmol/L] caused marked inhibition [Rmax 21±6.4%, p = 
0.005 vs. L-NAME plus indomethacin alone] that was similar to the triple 
combination. Endothelium-independent relaxation to sodium 
nitroprusside was unaffected. Connexin 40 and 43 were expressed in 
both endothelium and vascular smooth muscle. Connexin 37 was 
located predominantly in the smooth muscle. Conclusions Gap junctions 
are required for EDHF mediated relaxation of pregnant human 
subcutaneous resistance arteries. These vessels express three major 
connexin subtypes but only connexin 43 has a functional role in the 
mediation of EDHF relaxation. 

 OCC.6

MECHANISMS OF HYPOXIC PULMONARY VASOCONSTRICTION: 
INVOLVEMENT OF GLYCOLYSIS-REGULATED MYO-ENDOTHELIAL 
ELECTRICAL COUPLING 

I Kizub [1], A Bondarenko [2], A Soloviev [1] 
[1] Inst. of Pharmacology and Toxicology, Academy of Med. Sciences of 
Ukraine, Kiev, [2] Bogomoletz Inst. of Physiology, National Academy of 
Sciences of Ukraine, Kiev. 

It is known that a number of vascular disorders induced by oxygen 
deficit including hypoxic pulmonary vasoconstriction are associated with 
abnormalities of endothelial function. The goal of the present study was 
to shed light on the possible role of glycolysis-regulated endothelium-
mediated mechanisms underlying constriction of pulmonary artery 
smooth muscle [SM] under hypoxia. Both SM contractile responses and 
the membrane potential responses of endothelial cells [EC] to hypoxia, 
before and after selective glycolysis blockade was compared. 
Membrane potentials were recorded from EC of guinea pig pulmonary 
artery and thoracic aorta, using the whole-cell configuration of the patch-
clamp technique in current clamp mode. Decreasing pO2 caused 
hyperpolarization in aortic EC and depolarisation in pulmonary artery 
EC. Glycolysis blockade with 2-deoxyglucose or monoiodoacetic acid in 
combination with sodium pyruvate led to the reversal of these electrical 
responses in EC from both types of vessels. Contractile recording 
experiments have confirmed these results. Selective glycolysis blockade 
in above-mentioned manner reversed typical contractile responses of 
vascular tissues to hypoxia. 18β-glycyrrhetinic acid, a gap junction 
blocker, significantly decreased constrictor response to hypoxia in 
pulmonary artery, and glycolysis blockade had no effect on contractile 
response in SM treated with 18β-glycyrrhetinic acid. These data suggest 
that the hypoxia-induced constrictor response of pulmonary artery to 
hypoxia may be due to depolarisation of EC which might be conducted 
to underlying SM through myoendothelial gap junctions producing the 
vasoconstriction. 
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OOX.1

INCREASED SUPEROXIDE PRODUCTION AND IMPAIRED NO 
RELEASE IN MESENTERIC RESISTANCE ARTERIES OF RATS ON 
HIGH SALT DIET. 

J Zhu, JH Lombard 
Dept. of Physiology, Med. College of Wisconsin, Milwaukee, USA. 

This study investigated the effects of high salt [HS] diet [4% NaCl] on 
vascular superoxide levels in mesenteric resistance arteries of rats. 
Normotensive Sprague-Dawley rats were fed either a HS diet [4.0% 
NaCl] or a low-salt [LS] diet [0.4% NaCl] for 3 days, with water ad 
libitum. Relaxation of norepinephrine-contracted arteries in response to 
acetylcholine [ACh] was significantly reduced in mesenteric resistance 
arteries of rats on HS diet, and the impaired relaxation to ACh was 
restored by the superoxide dismutase mimetic 4- hydroxy-2,2,6,6-
tetramethylpiperidine-1-oxyl [tempol]. Superoxide production during 
resting conditions, assessed by dihydroethidine fluorescence, was 
significantly elevated in arteries of rats on HS diet, compared to those of 
rats on LS diet [p<0.05, n=6]. Pre-incubation with tempol [50 µM], 
apocynin [100 µM] to inhibit NADPH oxidase, DDMS [100 µM] to inhibit 
CYP450-4A ω-hydroxylase, or indomethacin [1 µM] to inhibit COX 
caused a significant decrease in superoxide production in arteries from 
rats on HS diet [P<0.05, n=6]. Basal NO production, estimated by DAF-
2T fluorescence was also decreased in rats on HS diet, but was 
restored by tempol, DDMS, indomethacin, or apocynin. These data 
suggest that depressed endothelium-dependent relaxation in resistance 
arteries of rats on high salt diet could result, at least in part, from 
increased superoxide production. [Support: NIH #HL 29587, HL 65289; 
HL 72920]. 

 OOX.2

SUPEROXIDE DISMUTASE ENTRAPPED-LIPOSOMES RESTORE 
THE IMPAIRED ENDOTHELIUM-DEPENDENT RELAXATION OF 
RESISTANCE ARTERIES IN EXPERIMENTAL DIABETES 

M Voinea, A Georgescu, A Manea, E Dragomir, I Manduteanu, D 
Popov, M Simionescu 
Inst. of Ce lular Biology and Pathology “Nicolae Simionescu”, Buchares
Romania. 

l t, 

Diabetes is associated with impaired endothelium-dependent 
relaxation. We questioned whether administration of superoxide 
dismutase entrapped in long-circulating liposomes improves the 
vascular reactivity of the resistance arteries. Using the myograph 
technique, the vasodilation in response to acetylcholine was measured 
in mesenteric resistance arteries isolated from diabetic or normal 
hamsters treated for 3 days with superoxide dismutase entrapped in 
liposomes, with the same concentrations of free superoxide dismutase 
and plain liposomes, or untreated. Superoxide dismutase activity and 
nitric oxide [NO] levels were assayed by spectrophotometry, superoxide 
dismutase levels by Western blot and the role of Nω-nitro-L-arginine 
ethylester [L-NAME] on vasodilation by the myograph technique. Our 
data revealed that: [i] superoxide dismutase entrapped in liposomes 
restored to a great extent the endothelium-dependent relaxation of 
diabetic hamster resistance arteries; [ii] in superoxide dismutase 
entrapped in liposomes-treated diabetic animals, the activity and the 
level of superoxide dismutase in arterial homogenates as well as the 
serum nitrite levels were significantly higher than those in untreated 
hamsters or hamsters treated with free superoxide dismutase and plain 
liposomes; [iii] L-NAME inhibited the response of arteries to 
acetylcholine in superoxide dismutase entrapped in liposomes-treated 
diabetic hamsters. These results suggest that superoxide dismutase 
entrapped in liposomes is effective in scavenging superoxide anions, 
increases nitric oxide bioactivity and improves the vasorelaxation of 
resistance arteries in diabetic hamsters. 

OOX.3

ENDOTHELIAL PROTECTION, AT1 BLOCKADE AND
CHOLESTEROL-DEPENDENT OXIDATIVE STRESS: THE EPAS 
TRIAL 

H Morawietz [1], S Erbs [2], J Holtz [3], A Schubert [2], M Krekler [4], W 
Goettsch [1], V Adams [2], K Lenk [2], FW Mohr [2], G Schuler [2], R 
Hambrecht [2] 
[1] Dept. of Vascular Endothelium and Microc rculation, Univ. oi f 

l -Technology Dresden, [2] Univ. of Leipzig, [3] Martin Luther Univ. Ha le
Wittenberg, [4] Bristol-Myers Squibb Munich. 

In the Endothelial Protection, AT1 blockade and Cholesterol-
Dependent Oxidative Stress [EPAS] trial, we tested in a clinical trial in 
PROBE [Prospective Randomized Open Label and Blinded Evaluation] 
design whether statin and angiotensin type 1 [AT1] receptor blocker 
therapies independently or in combination influence endothelial 
expression of anti- and proatherosclerotic genes and endothelial 
function in arteries of patients with coronary artery disease. Sixty 
patients with stable coronary artery disease undergoing elective 
coronary artery bypass grafting [CABG] surgery were randomized 4 
weeks before surgery to: A] without inhibition of renin-angiotensin 
system or statin, B] statin without inhibition of renin-angiotensin system, 
C] AT1 blockade without statin, or D] combination of statin and AT1 
blocker in same dosages. Groups did not differ in clinical characteristics. 
Statin and AT1 blocker therapy independently and in combination 
improved an endothelial expression quotient including mRNA 
expression of eNOS and CNP, divided by expression of oxLDL receptor 
LOX-1 and NAD[P]H oxidase subunit gp91phox and endothelial function 
in left internal mammary arteries obtained by CABG surgery. Our data 
support beneficial effects of both therapies in the treatment of coronary 
artery disease. 

 OOX.4

DOWN-REGULATION OF HEME OXYGENASE-1 IN ADULT MALE 
OFFSPRING OF IN UTERO PROTEIN RESTRICTED RATS 

JL Rodford [1], FY Li [2], RCM Siow [2], GE Mann [2], MA Hanson [1], 
GF Clough [1] 
[1] Centre for Developmental O igins of Health and Disease, School or f 
Med., Univ. of Southampton, [2] Cardiovascular Division, School of 

lBioMed. Science and Health Sciences, King's Co lege London, UK. 

In rats, dietary protein restriction during pregnancy leads to raised 
blood pressure, impaired vasodilatation [Brawley et al Ped Res 
2003;54:83-90] and increased oxidative damage [Langley-Evans et al 
Mech Ageing Dev 2005;126: 804-812] in male offspring. The aim of this 
study was to assess the mRNA expression of endothelial nitric oxide 
synthase [eNOS] and the endothelial antioxidant genes heme 
oxygenase-1 [HO-1], glutamate cysteine ligase [GCL] and manganese 
superoxide dismutase [Mn-SOD] in tissues of adult male offspring of 
protein-restricted rat dams. Liver and small mesenteric arteries [~250 
µm diameter] were removed from 120 day old male Wistar rat offspring 
of dams fed a control diet [C; 18% casein, n = 6] or a protein-restricted 
diet [PR; 9% casein, n = 6] during pregnancy. RNA was extracted and 
mRNA levels of HO-1, GCL, MnSOD and eNOS measured using 
quantitative real-time PCR and normalised with respect to beta-actin. 
The mRNA expression of HO-1 was reduced in the livers of PR 
compared to C offspring [mean ± SEM: C; 1.44 ± 0.40, n = 11, PR; 0.36 
± 0.06, n = 10, p = 0.018]. Expression in mesenteric arteries, while not 
significant, followed the same trend, being reduced by 36%. The 
MnSOD, GCL and eNOS mRNA expression was not significantly 
different between the two groups in either tissue type. These findings 
show that the previously observed oxidative damage in offspring of in 
utero protein-restricted rats may be due in part to a reduced HO-1 
mediated antioxidant defence. This may account for the vascular 
dysfunction in the mesenteric arteries due to an NO-ROS imbalance in 
the PR offspring. Work supported by the British Heart Foundation and 
Heart Research UK. 
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OOX.5

ARGININE THERAPY IMPROVES VASCULAR REACTIVITY BY 
REDUCING HEMOLYSIS AND OXIDATIVE STRESS IN 
TRANSGENIC-KNOCKOUT SICKLE MICE 

DK Kaul, XD Lu, X Zhang, RL Nagel, ME Fabry 
Dept. of Med., Division of Hematology, Albert Einstein Co lege of Med., 
Bronx, NY, USA.

l
 

Human sickle cell anemia [SCA] and transgenic sickle mice are 
characterized by reduced nitric oxide [NO] bioavailability. In SCA, 
increased NO consumption by cell-free plasma heme [result of 
hemolysis] and oxygen radicals could lead to increased arginine 
metabolism, resulting in depleted arginine levels. Reduced NO 
bioavailability in transgenic-knockout [BERK] sickle mice [express 
exclusively human alpha- and beta S-globins] is compensated by 
induction of non-NO vasodilator cyclooxygenase [COX]-2, attenuated 
microvascular responses and increased oxidative stress [Kaul et al. 
2004]. We hypothesized that arginine replenishment in BERK mice will 
enhance NO bioactivity and reduce oxidative stress. Mice were treated 
with 5% arginine in mouse chow for 15 days. In controls, arginine had 
no effect on plasma heme levels. In contrast, in BERK mice, arginine 
markedly reduced hemolysis, i.e., >60% reduction in plasma heme. 
Increased NO generation was evident by distinct vasodilatory effect of 
acetylcholine on cremasteric arterioles [p<0.00001]. Sodium 
nitroprusside, an NO donor, caused 60% increase in arteriolar 
diameters after arginine compared to 15% increase in untreated BERK 
mice [p<0.0017]. Western blots showed 50% reduction in COX-2, but no 
effect on COX-1, the constitutive form. In arginine-treated BERK mice, 
reduced COX-2 expression was associated with marked decreases in 
PGE2 levels and nitrotyrosine expression. Thus, arginine therapy 
reduces hemolysis and enhances NO bioavailability, resulting in 
reduced oxidative stress and improved microvascular responses. These 
results provide a rationale for therapeutic use of arginine in SCA and 
other hemolytic diseases. 
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Friday 1st September – 15:50-17:50 
IMMUNO-IMAGING IN INFLAMMATION AND DISEASE 

Parallel Symposium – SII 
 

SII.1

IN VIVO VISUALIZATION OF ADAPTIVE IMMUNE RESPONSES 

UH von Andrian 
The CBR Inst.for Biomed. Research and Depart. of Pathology, Harvard 
Med. School, Boston, USA 

Cell migration and coordinated cell-cell interactions are hallmark
features of the immune system. Recent advances in real-time in vivo 
imaging technology have added a new dimension to our efforts to 
understand the dynamics and complex interplay of the key cellular 
players in the steady state and during ongoing immune responses. In 
particular, multiphoton intravital microscopy [MP-IVM] allows prolonged 
three-dimensional observations of highly dynamic events that occur 
hundreds of micrometers below the surface of solid tissues in living 
animals. Using a newly developed MP-IVM model in mouse popliteal 
lymph nodes, we have analyzed how CD8 T cells are activated and how 
they interact with tumor antigen-presenting target cells in the presence 
and absence of CD4+CD25+ regulatory T cells [Treg]. We observed that 
the inital activation [priming] of naive T cells occurs in three distinct 
interactive phases characterized by a several hours-lasting period of 
short serial contacts followed by a phase of tight, sustained clustering, 
which after the first day converts to a prolonged period during which the 
activated T cells are highly motile, engage in short contacts with 
antigen-presenting cells and proliferate rapidly. Several days later, the 
activated T cells differentiate into full-fledged cytotoxic T lymphocytes 
[CTL], whose cytotoxic activity can be studied by MP-IVM. We found 
that CTL without Treg killed their targets at a faster rate than regulated 
CTL. Our experiments indicate that Treg suppress CTL-mediated 
adaptive immunity by creating a local milieu that permits the acquisition 
of effector potential, but withholds the license to kill. 

 SII.2

DIVERSITY IN IMMUNE-CELL INTERACTIONS: STATES AND 
FUNCTIONS OF THE IMMUNOLOGICAL SYNAPSE 

P Friedl 
Rudolf Virchow Center and Dept. of Dermatology, Univ. of Wuerzburg, 
Germany. 

The onset and regulation of a specific immune response results from 
communication between T cells and antigen-presenting cells [APCs], 
which form molecular interactions at the site of cell–cell contact — and 
this is known as the immunological synapse. Initially, the immunological 
synapse was viewed as a stereotypical adhesion and signalling device 
with a defined molecular structure and signalling processes. However, 
using real-time imaging and detection of cell dynamics and signalling 
states [phosphotyrosine, calcium], it is now apparent that these distinct 
interaction T-cell–APC interactions comprise a range of contact types 
and molecular arrangements. These diverse interaction modes might 
define a molecular code, in which the differences in timing, spacing and 
molecular composition of the signalling platform determine the outcome 
of T-cell–APC interactions. 

SII.3

VISUALIZING ANTIGEN PRESENTATION IN LIVING CELLS. 

M Marsman, J Neefjes 
Netherlands Cancer Inst., Amsterdam. 

MHC class I present fragments from intracellular proteins [including 
pathogenic ones] at the cell surface to the immune system. These 
antigens have to be degraded [by the proteasome], trimmed [by 
peptidases including TPPII], translocated into the ER by the peptide 
transporter TAP and loaded onto MHC class I before transport to the 
cell surface. We have visualized most steps in living cells using a variety 
of fluorescent techniques. We will show the dynamics of this system, 
which explains why antigen presentation is highly inefficient. Protein 
fragments [peptides] can only be presented by the cell that generates 
the peptide. We will show an exception, gap junctions. Gap junctions 
mediate intercellular traffic of peptides allowing presentation of antigenic 
peptides by innocent bystander cells. The consequences are discussed. 
MHC class II molecules present antigens degraded in the endocytic 
track in a process stabilized by the chaperone HLA-DM. We have 
visualized this process in living cells using FRET technology. MHC class 
II interactions with its chaperone occur in the internal vesicles but not 
the limiting membrane of MIIC. Consequently, antigen presentation by 
MHC class II molecules is obscured in phagosomes. Visualizing antigen 
presentation in living cells uncovers many details not observed by 
alternative techniques. 

 SII.4

IMAGING LEUKOCYTE MIGRATION: THE INVOLVEMENT OF THE 
NON-RECEPTOR TYROSINE KINASE SYK IN POLARIZATION AND 
MIGRATION OF LEUKOCYTES 

B Walzog [1], J Schymeinsky [1], A Sindrilaru [2], A Mocsai [3], R Gerstl
[1], K Scharffetter Kochanek [2] 
[1] Dept. of Physiology, Ludwig-Maximilians-Univ., Munich, [2] Dept. of 

lDermatology and A lergic Diseases, Univ. of Ulm, Germany, [3] Dept. of 
 Physiology, Semmelweis Univ. School of Med., Budapest, Hungary.

Leukocyte adhesion via β2 integrins [CD11/CD18] activates the 
tyrosine kinase Syk which is constitutively associated with CD18. Here, 
we elucidated the role of Syk for β2 integrin-mediated leukocyte 
polarization and migration. We generated neutrophil-like differentiated 
HL-60 cells [dHL-60] expressing wildtype Syk [WT-Syk], a kinase dead 
mutant of Syk [Syk K402R], or a Syk mutant lacking the binding site of 
Vav [Syk Y348F] tagged with an enhanced green fluorescent protein 
[EGPF]. By means of live cell imaging, we found that WT-Syk was 
enriched at the lamellipodium upon formyl-Met-Leu-Phe-induced [fMLP, 
100 nM] adhesion of dHL-60 cells on immobilized fibrinogen. Here, Syk 
colocalized with Vav, a guanine nucleotide exchange factor for Rac and 
Cdc42. The expression of the Syk mutants [Syk K402R and Syk Y348F] 
abrogated the enrichment of Syk at the lamellipodium as well as its 
colocalization with Vav and induced the formation of multiple 
lamellipodia. Similar results were obtained upon downregulation of Syk 
by RNAi technique or pharmacological inhibition of Syk by piceatanntol 
[30 µM]. Moreover, the expression of Syk K402R or Syk Y348F severely 
compromised migration [fMLP, 10 nM] of dHL-60. Similar results were 
obtained using Syk deficient murine neutrophils. An essential role of Syk 
in vivo was demonstrated in the Arthus reaction where neutrophil 
extravasation, edema formation and vessel damage were profoundly 
diminished in wildtype mice reconstituted with Syk deficient bone 
marrow. These findings suggest an important role for Syk and its 
downstream target Vav in ordered leukocyte polarization and migration. 
[Supported by DFG WA 1048/2-1]. 
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Friday 1st September – 15:50-17:50 
CORONARY MICROVASCULAR DYSFUNCTION IN CARDIOVASCULAR DISEASES 

Parallel Symposium – SCO 
 

SCO.1

CLINICAL SPECTRUM OF CORONARY MICROVASCULAR 
DYSFUNCTION 

PG Camici 
Imperial College London, United Kingdom. 

Until quite recently, many of the most important forms of 
cardiovascular disease were considered to involve primarily large 
vessels, particularly the conduit coronary arteries. However, recent 
advances have highlighted the crucial involvement of the 
microcirculation in many cardiovascular conditions. There is no 
technique that enables direct visualization of coronary microcirculation 
in vivo in man. Therefore, its assessment relies on the measurement of 
parameters which reflect its functional status, such as myocardial blood 
flow [MBF] and coronary flow reserve [CFR]. The latter is the ratio of 
MBF during pharmacologically-induced arteriolar vasodilatation to basal 
MBF. CFR is an integrated measure of flow through both the large 
epicardial coronary arteries and the microcirculation. In the absence of 
obstructive stenoses on the epicardial arteries, a reduced CFR is a 
marker of coronary microvascular dysfunction [CMD]. More complex is 
the assessment of CMD in territories subtended by stenotic coronary 
arteries where the evaluation of microvascular function depends on the 
clinical context. Clinically, CMD can be classified in the following four 
groups: 1] CMD occurring in the absence of obstructive epicardial 
coronary artery disease [CAD] and myocardial diseases [type A]; 2] 
CMD occurring in the context of cardiomyopathies [type B]; 3] CMD 
occurring in the presence of obstructive epicardial CAD [type C]; 4] 
iatrogenic CMD [type D]. CMD can be sustained by a number of 
different pathogenetic mechanisms. The importance of these 
mechanisms varies in different clinical settings although several of them 
can coexist in the same condition. 

 SCO.2

INVASIVE ASSESSMENT OF CORONARY MICROVASCULAR 
DYSFUNCTION 

A Lerman 
Mayo Co lege of Medicine, Rochester, USAl . 

Abstract not available 

SCO.3

NON-INVASIVE ASSESSMENT OF CORONARY MICROVASCULAR 
DYSFUNCTION 

FC Visser 
Dept. Of Cardiology, Free University Medical Center, Amsterdam, The 
Netherlands 

Abstract not available 

 SCO.4

CORONARY MICROVASCULAR DISEASE AND PROGNOSIS 

D Neglia 
CNR Inst. of Clinical Physiology, Pisa, Italy. 

Most of the classical prognostic studies in cardiovascular diseases are 
based on indexes related to the extension of coronary atherosclerosis, 
myocardial ischemia/infarction and ventricular dysfunction. Less 
attention has been devoted to mechanisms directly linking early 
coronary abnormalities to major cardiovascular events or to progressive 
impairment of cardiac function. Recent studies demonstrated that the 
recognition of early impairment of coronary microvascular vasodilating 
capability is a powerful indicator of future risk for sudden death, 
myocardial infarction and heart failure. One line of evidence came from 
prolonged follow-up of patients with “chest pain” symptoms who had 
shown at enrollement depressed coronary flow reserve in the absence 
of significant coronary stenosis, an indicator of coronary microvascular 
dysfunction. Additional evidence was provided by prognostic studies in 
patients presenting with cardiac dysfunction but without overt heart 
failure, due either to hypertrophic or dilated myocardial disease, in 
whom the non-invasive recognition of depressed myocardial blood flow 
identified subjects at increased risk of cardiac death and progression 
towards heart failure. Overall these results demonstrated that coronary 
microvascular dysfunction, if adequately searched for, can be detected 
in many patients presenting with cardiovascular disorders and is a 
powerful indicator of future risk of cardiovascular events. A more 
compelling clinical evidence could come from the demonstration that 
reversal of microvascular impairment by targeted treatments is able to 
improve prognosis. 
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Friday 1st September – 15:50-17:50 
FUNCTIONAL IMPLICATIONS OF THE ENDOTHELIAL GLYCOCALYX 

Parallel Symposium – SGL 
 

SGL.1

ENDOTHELIAL GLYCOCALYX DAMAGE COINCIDES WITH 
MICROALBUMINURIA IN TYPE 1 DIABETES 

E Stroes 
Acad. Med. Center, Amsterdam, The Netherlands. 

Abstract not available 

 SGL.2

THE ROLE OF ENDOTHELIAL GLYCOCALYX IN THE GLOMERULAR 
BARRIER 

B Haraldsson 
Göteborg University, Sweden. 

Abstract not available 

SGL.3

EFFECTS OF HYALURONIDASE ON SYSTEMIC GLYCOCALYX 
VOLUME AND TRACER CLEARANCE RATES IN MICE 

JWGE van Teeffelen 
[1] Dept. of Physiology, Maastricht University, [2] Dept. of Med. Physics
Acad. Med. Center, Amsterdam 

, 

Intravital microscopic studies in cremaster muscle capillaries indicate 
the presence of a ≈0.5 µm thick hyaluronan-rich endothelial glycocalyx 
which excludes flowing blood and anionic dextrans of 2000 kDa 
[D2000], 500 kDa [D500] and 70 kDa [D70], but is fully accessible to 
neutral dextrans of 40 kDa [D40] [Vink & Duling, 1996, 2000]. In the 
present study we determined glycocalyx exclusion volumes [Vg, in ml] of 
circulating plasma, D2000, D500, and D70, in the systemic circulation in 
mice [n=4-6 per group] in control conditions versus after treatment with 
hyaluronidase [40 U], by comparing their systemic vascular distribution 
volume [Vd] to that of D40. Fluorescently labelled red blood cells [RBCs] 
and dextrans were i.v. infused in anesthetized C57Bl/6 mice and blood 
samples subsequently collected by tail bleeding. Plasma Vd was 
calculated from the steady-state dilution of RBCs and hematocrit, and 
dextran Vd was derived from the plasma concentration 30 s after 
injection. Vg for plasma was 0.39 ± 0.05 in control and decreased to 
0.24 ± 0.04 after hyaluronidase [P<0.05]. Vg for D2000, D500, and D70 
was 0.20 ± 0.02, 0.17 ± 0.03, and 0.05 ± 0.02 in control, and 0.11 ± 
0.05, 0.10 ± 0.03, and 0.05 ± 0.02, respectively, after enzyme treatment 
[P<0.05 for D2000&D500]. Anionic dextran clearance was 13 ± 4 % 
after 30 min in control and increased to 24 ± 4% after hyaluronidase 
[P<0.1]. Our data indicate the presence of a hyaluronidase-sensitive 
glycocalyx of ≈0.4 ml in the systemic circulation in mice that partially 
excludes plasma macromolecules in a size dependent manner. 

 SGL.4

THE ROLE OF ENDOTHELIAL GLYCOCALYX IN THE VASCULAR 
PERMEABILITY BARRIER 

FR Curry 
Univ. of Ca fornia, Davis, USAli . 

Abstract not available 
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Friday 1st September – 15:50-17:50 
FUNCTIONAL IMPLICATIONS OF THE ENDOTHELIAL GLYCOCALYX 

Parallel Symposium – SGL 
 

SGL.5

CENTRAL ROLE OF HEPARAN SULFATE AND HEPARIN IN
PATHOGENESIS AND THERAPY OF PROTEIN-LOSING 
ENTEROPATHY – IMPLICATIONS FOR THE ENDOTHELIUM? 

L Bode 
Burnham Inst. for Med. Research, La Jolla, USA. 

Protein-losing enteropathy [PLE], the loss of plasma proteins through 
the intestine, is a life-threatening symptom associated with seemingly 
unrelated conditions, including Crohn’s disease, systemic Lupus 
Erythrematosus, Congenital Disorder of Glycosylation or Fontan surgery 
to correct univentricular hearts. Emerging commonalities between these 
and other disorders led us to hypothesize that PLE develops when 
genetic insufficiencies collide with simultaneous or sequential 
environmental insults. Most intriguing is the loss of heparan sulfate [HS] 
proteoglycans [HSPG] specifically from the basolateral surface of 
intestinal epithelial cells only during PLE episodes suggesting a direct 
link to protein leakage. PLE onset is often associated with viral 
infections [elevated IFNγ] and inflammation [elevated TNFα]. 

We established both in vitro and in vivo models of PLE. Loss of cell-
associated HS or Syndecan-1, the predominant intestinal HSPG, 
directly causes protein leakage. IFNγ upregulates TNFα receptor and 
enhances TNFα-induced protein leakage. These cytokine effects are 
further amplified in the absence of cell-associated HS[PG], but they are 
alleviated in the presence of soluble heparin, providing a reasonable 
explanation for patients’ favorable response to subcutaneous heparin 
injections. 

Reasons for intestinal epithelial HSPG loss are unknown, but genetic 
insufficiencies affecting HSPG biosynthesis, trafficking, or degradation 
may be involved. A similar HS[PG] loss has been described for 
endothelial cells and may be associate with vascular diseases. 
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Saturday 2nd September – 09:00-10:00 
PLENARY LECTURE 3 

Plenary Lecture and Awards – LEC3 
 

LEC3.1

LYMPHANGIOGENESIS IN DEVELOPMENT AND HUMAN DISEASE 

K Alitalo 
Molecular/Cancer Biology Laboratory and Ludwig Inst. for Cancer 
Research, Haartman Inst. and Biomedicum Helsinki, Finland. 

Angiogenesis and permeability of blood vessels are regulated by 
vascular endothelial growth factor [VEGF] via its two receptors VEGFR-
1 and VEGFR-2. The VEGFR-3 receptor does not bind VEGF and its 
expression becomes restricted mainly to lymphatic endothelia during 
development. We have found that homozygous VEGFR-3 targeted mice 
die around midgestation due to failure of cardiovascular development. 
We have also purified and cloned the VEGFR-3 ligand, VEGF-C. 
Transgenic mice expressing VEGF-C show evidence of 
lymphangiogenesis and VEGF-C knockout mice have defective 
lymphatic vessels. The proteolytically processed form of VEGF-C binds 
also to VEGFR-2 and is angiogenic. VEGF-D is closely related to 
VEGF-C, similarly processed and binds to the same receptors. Thus 
VEGF-C and VEGF-D appear to be both angiogenic and 
lymphangiogenic growth factors. VEGF-C overexpression led to 
lymphangiogenesis and growth of the draining lymphatic vessels, 
intralymphatic tumor growth and lymph node metastasis in several 
tumor models. Furthermore, soluble VEGFR-3, which blocked 
embryonic lymphangiogenesis, also blocked lymphatic metastasis in 
breast and lung cancer models. These results together with recent 
clinical cancer studies suggest that paracrine signal transduction 
between tumor cells and the lymphatic endothelium may be involved in 
lymphatic metastasis of human cancers. Alitalo et al. 
Lymphangiogenesis in development and human disease. Nature 438 
[7070]: 946-53, 2005. Tammela et al. Molecular lymphangiogenesis: 
new players. Trends Cell Biol 15: 434-41, 2005. 

 

 

BIOSKETCH OF DR. KARI ALITALO 

 
Dr. Kari Alitalo is a tenured Research Professor of the Finnish Academy of Sciences and the Director of the Molecular/Cancer Biology Program and 

Centre of Excellence in the Biomedicum Helsinki. During his postdoctoral period in 1982-1983 Dr. Alitalo worked with Dr. J. Michael Bishop his 
collaborator, Dr. Harold E. Varmus in San Francisco, where he made important contributions to the characterization of the Myc ongogene and -
protein. He was furthermore among the first to discover (Myc) oncogene amplification in chromosomal abnormalities of tumor cells. He has also 
discovered several novel receptor tyrosine kinases, particularly in endothelial cells. He has shown that some of these receptors and their ligands play 
important roles in tumor angiogenesis. Among the original findings are the cloning and characterisation of fibroblast growth factor receptor-4, the C-
terminal Src tyrosine kinase and the first endothelial specific receptor tyrosine kinase, Tie1, as well as VEGFR-3 and the cloning and characterization 
of VEGF-B in collaboration with Dr. Ulf Eriksson and determination of VEGFR-1 and NP-1 as its receptors. 

 
A significant achievement by Dr. Alitalo was the isolation, cloning and characterization of the first lymphangiogenic growth factor VEGF-C and 

isolation of lymphatic endothelial cells, opening up the lymphatic vascular system to molecular analysis after over a hundred years of descriptive 
pathology. He has also been central in the characterization of VEGF-B, VEGF-C and VEGF-D receptors and signal transduction pathways and the 
function of VEGFR-3, showing that this receptor is required for angiogenesis and later in lymphangiogenesis in embryos. He has invented molecular 
therapies for lymphedema that are now entering clinical trials. He has furthermore demonstrated that VEGF-C is overexpressed in tumors and its 
receptor VEGFR-3 is upregulated in angiogenic tumor vasculature. His studies led to the demonstration of VEGF-C associated tumor 
lymphangiogenesis, intralymphatic tumor growth and tumor metastasis and their inhibition by blocking the VEGFR-3 signal transduction pathway.
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Saturday 2nd September – 10:30-12:30 
LYMPHATIC INTERACTIONS WITH FLUID, GROWTH FACTORS AND CELLS 

Parallel Symposium – SLY 
 

SLY.1

REGULATION OF LYMPHANGIOGENIC GROWTH FACTORS 

K Paavonen, B McColl, M Matsumoto, S Stacker, M Achen 
Ludwig Inst. for Cancer Research, Royal Melbourne Hospital, Victoria, 
Australia. 

The lymphatic vasculature is crucial for homeostasis of tissue fluid, 
immune function and absorption of dietary fat. Lymphatics also play a 
role in cancer, as the spread of tumor cells to lymph nodes implicates 
the lymphatics as an important route of metastasis. The secreted 
glycoproteins VEGF-C and VEGF-D promote growth of lymphatic 
vessels by activating VEGFR-3 [Flt4], a cell surface receptor tyrosine 
kinase expressed by lymphatic endothelium. VEGF-C and VEGF-D can 
be secreted as full-length forms containing N- and C-terminal 
propeptides and a central receptor-binding domain [VEGF homology 
domain or VHD]. Proteolytic processing releases the VHD from the 
propeptides thereby generating mature forms that bind VEGFR-3, and 
the angiogenic receptor VEGFR-2, with much higher affinity. The 
proteolytic processing of VEGF-C and VEGF-D is an important step in 
regulating the bioactivity of these proteins. The serine protease plasmin, 
that plays a crucial role in fibrinolysis during wound healing, has been 
shown to activate both VEGF-C and VEGF-D in vitro and the proprotein 
convertases can also be involved. The activation of VEGF-D and the 
significance of lymphangiogenic signaling for cancer metastasis will be 
explored in this presentation. 

 SLY.2

ROLE OF INTERSTITIAL FLOW ON LYMPHATIC MORPHOGENESIS 
AND CELL HOMING TO LYMPHATICS 

MA Swartz [1], CE Helm [2], ME Fleury [2], JD Shields [1], JM 
Rutkowski [1], C Yong [1] 
[1] Inst. of Bioengineering, Swiss Federal Inst. of Technology, 
Lausanne, [2] Dept. BioMed. Engineering, Northwestern Univ. 

Interstitial fluid flow is an important component of the microcirculation 
that is facilitated in part by lymphatic drainage. Very little is known about 
the biological regulation of tissue fluid balance or its roles in such 
processes as immune cell trafficking or lymphatic biology. First, we 
demonstrate the importance of interstitial fluid flow in governing 
lymphangiogenesis. We show in vivo and in vitro that interstitial fluid 
flow is an important organizing factor in lymphatic capillary 
morphogenesis by cooperating with growth factor signaling. Upon 
exploring mechanisms of flow-enhanced morphogenesis, we 
computationally explore its effects on pericellular gradients of autocrine 
morphogens and chemokines. Surprisingly, we find that very small 
interstitial flows can be used by cells to create autologous chemotactic 
gradients – when those chemokines are secreted in matrix-binding form –
meaning that the cell can receive directional cues while at the same 
time being the source of such cues. This explains how cells can respond 
to extremely subtle flow signals with greatly amplified migration 
behavior. It also explains why a cell would secrete its own chemotactic 
factor [as lymphocytes do], and how lymphatic capillaries can organize 
around interstitial flow. Finally, we explore these new concepts with two 
in vitro examples: [1] synergy between a matrix-bound morphogen and 
interstitial flow to drive lymphatic capillary morphogenesis, and [2] 
autocrine chemotaxis of cells as a homing mechanism to lymphatics. 
With these studies, we are helping to elucidate how cells use and 
regulate their interstitial fluid flow environment. 

SLY.3

LYMPHATIC MIGRATION AND CHEMOTAXIS IN MELANOMA 

DO , ME Emmett, DB Dunn, JD Shields 
Microvascular Research Laboratories, Univ. of Bristol. 

Metastasis of malignant melanoma from primary tumour to lymph 
nodes is an essential step in the spread and ultimate progression of the 
disease. It has recently been reported that growth of lymphatics in 
experimental melanoma models can increase metastasis of melanoma 
cells. Human melanomas show an increase in lymphatic density in 
metastatic compared with non metastatic melanoma. One interpretation 
is that this is a result of lymphangiogenesis induced by metastatic but 
not non-metastatic melanomas. An alternative [but complementary] 
explanation would be migration of metastatic, but not non metastatic 
melanoma to regions of high lymphatic density. This second explanation 
would require tumour cells to detect regions of high lymphatic density at 
a distance. One mechanism for this would be through the expression of 
receptors for lymphatic secreted chemokines. We have investigated the 
effect of lymphatic cell secreted chemokines on melanoma cell 
migration in vitro and in vivo and identified a mechanism by which 
melanoma cells can identify, migrate and grow towards areas of high 
density of lymphatic endothelial cells, using chemokine receptor 
expression as an evolutionary mechanism favouring metastasis. The 
evidence for the interaction between lymphatic chemokines and 
melanoma cells will be presented. 

 SLY.4

UNRAVELLING THE MECHANISMS FOR LEUKOCYTE
TRAFFICKING IN THE LYMPHATICS. 

DG Jackson 
John Radcliffe Hospital, Headington, Oxford, UK. 

The exit of dendritic cells, CD4+ memory T cells and neutrophils from 
the tissues to afferent lymph is critical for the generation and regulation 
of primary immune responses and the resolution of tissue inflammation. 
How leukocytes transmigrate lymphatic vessel endothelium to effect 
such exit is however unknown. This presentation will review current 
knowledge of the role of chemokines in lymphatic trafficking as well as 
presenting new data on the roles of adhesion molecules in 
transmigration, particularly during inflammation. 
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Saturday 2nd September – 10:30-12:30 
MICROVASCULAR REMODELLING 

Parallel Symposium – SVR 
 

Netherlands Heart Foundation Lecture  SVR.1

WHEN DOES ACTIVE VASOCONSTRICTION BECOME ACUTE 
VASCULAR REMODELING? 

G Meiniger, JD Humphrey [2], MA Hill [1], GA Martinez-Lemus [1], LA 
Meininger [1] 
[1] Dalton Cardiovascular Research Center and Dep . of Med. 
Pharmacology and Physiology, Univ. of Missouri-Columbia, [2] Dept. o

t
f 

lBiomed. Engineering, Texas A&M University, Co lege Station, USA 

The initial stages of arteriolar constriction requires [Ca2+]i elevation 
and myosin phosphorylation in vascular smooth muscle cells [VSMC]. 
However, within ≈30 min of exposure to vasoconstrictor agonist, [Ca2+]i 
returns to basal levels while constriction is maintained. Structural 
reduction of the arteriolar lumen after removal of the vasoconstrictor 
stimulus is observed within hours to days of exposure to agonists such 
as norepinephrine, angiotensin II and endothelin 1. This structural 
reduction in diameter without a change in the amount of wall material is 
classified as inward eutrophic remodeling. The question is: When does 
active vasoconstriction become acute vascular remodeling? Recent 
results indicate that early after, or concomitantly with, the induction of 
constriction, VSMC in the arteriolar wall begin to undergo a process of 
“length autoregulation” in which cells reposition themselves and re-
lengthen within the arteriolar wall despite maintenance of the reduced 
diameter. This process is not dependent on Ca2+ sensitization, but 
requires tyrosine phosphorylation. Furthermore, blockade of the beta 3 
integrin appears to inhibit certain aspects of the remodeling process. 
Collectively, our work and that of others suggest that following 
constriction the process of “length autoregulation” begins rapidly 
[minutes to hours] with rearrangement of the VSMC cytoskeleton and 
cell repositioning within the vascular wall that is associated with 
reconfiguration of cell-extracellular matrix [ECM] adhesion sites 
involving integrins. With continued progression [days to weeks] of the 
remodeling process changes within the ECM occur that involve 
crosslinking, synthesis and/or degradation. 

 SVR.2

UNRAVELING HYPERTENSIVE SIGNAL TRANSDUCTION 
CASCADES IN THE VASCULATURE 

S Lehoux 
Inserm U689, Paris. 

Vascular cells are equipped with numerous receptors that allow them 
to detect and respond to the mechanical forces generated by 
mechanical stress, initiating complex signal transduction cascades 
leading to functional changes within the cell. One such cascade is that 
of the transcription factor NF-κB, now known to be activated in vessels 
exposed to hypertensive conditions. We have recently uncovered the 
pathway whereby stretch activates NF-κB in isolated arteries: strain 
induces the release of reactive oxygen species [ROS], which in turn 
cleave and activate the metalloproteinase TACE, liberating an 
epidermal growth factor receptor [EGFR] ligand that stimulates the 
EGFR. Using vessels from EGFR ligand-deficient mice, we found that 
transforming growth factor-α [TGF-α], but not epiregulin or HB-EGF, is 
the key mediator of this process. Activation of the EGFR then triggers 
the NF-κB pathway. The importance of this signalling cascade is 
substantiated in vivo. In wild-type mice rendered hypertensive by 
angiotensin II [AngII] administration, activation of NF-κB is associated 
with vascular remodelling characterized by gelatinase activation, cell 
apoptosis and proliferation, and vascular wall thickening. However, 
AngII-induced hypertension fails to activate NF-κB in TGF-α-deficient 
mice, and vascular remodelling is much reduced in these animals. Our 
data therefore identify a new pathway whereby hypertensive conditions 
activate NF-κB, and identify TGF- α as a potential target to modulate 
mechanosensitive vascular remodelling. 

SVR.3

SMALL ARTERY REMODELLING IN HYPERTENSION AND 
DIABETES  

D Rizzoni 
Dept. of Med and Surgical Sciences, Univ. of Brescia. Italy. 

The development of structural changes in the systemic vasculature is 
the end result of established hypertension. In essential hypertension, 
small arteries smooth muscle cell are restructured around a smaller 
lumen and there is no net growth of the vascular wall, while in some 
secondary forms of hypertension, a hypertrophic remodeling may be 
detected. Also in non-insulin-dependent diabetes mellitus a hypertrophic 
remodeling of subcutaneous small arteries is present. Indices of small 
resistance artery structure, such as the tunica media to internal lumen 
ratio, may have a strong prognostic significance in hypertensive 
patients, over and above all other know cardiovascular risk factors. 
Therefore, regression of vascular alterations is an appealing goal of 
antihypertensive treatment. Different antihypertensive drugs seem to 
have different effect on vascular structure, both in humans and in animal 
models of genetic and experimental hypertension. A complete 
normalization of small resistance artery structure was demonstrated in 
hypertensive patients, after prolonged and effective therapy with ACE 
inhibitors, angiotensin II receptor blockers and calcium antagonists. Few 
data are available in diabetic hypertensive patients; however blockade 
of the renin-angiotensin system seems to be effective in this regard. In 
conclusion, there are several evidences that suggest that small 
resistance artery structure may be considered an intermediate end-point 
in the evaluation of the effects of antihypertensive therapy; however, 
there are presently no data available about the prognostic impact of the 
regression of vascular structural alterations in hypertension and 
diabetes. 

 SVR.4

MICROVASCULAR REMODELING IN MICE DEFICIENT FOR TISSUE-
TYPE TRANSGLUTAMINASE: COMPENSATION BY MACROPHAGE-
DERIVED FACTOR XIII. 

ENTP Bakker, A Pistea, JAE Spaan, E VanBavel 
Acad. Med. Center, Dept. of Med. Physics. Amsterdam, The 
Netherlands. 

Transglutaminases act as biological glue by cross-linking extracellular 
matrix proteins. We tested whether tissue-type transglutaminase [tTG] 
plays a role in the remodeling of small arteries in hypertension and 
reduced blood flow. Mice were given L-NAME to induce hypertension. 
Blood pressure increased similarly in wild type [WT] and tTG null mice 
[119±3 to 144±4 mmHg vs. 115±3 to 137±5 mmHg]. After 1 week, 
mesenteric arteries were isolated and pressure-diameter relationships 
were determined in vitro after full dilation. WT mice showed inward 
remodeling [-10%], whereas tTG null mice did not [+3%], expressed as 
difference in lumen diameter at 80 mmHg. In the 2nd series of 
experiments, blood flow was modified in mesenteric arteries by a 
surgical intervention. After 2 days of low blood flow arteries of WT mice 
showed inward remodeling [-17±3%] while vessels from tTG null mice 
did not [0±2%]. However, after 7 days inward remodeling in WT and tTG 
null mice was similar: -18±1% vs. –21±2%. While tTG null mice lacked 
tTG expression, arteries did show the cross-link specific for 
transglutaminases. RT-PCR revealed the expression of the plasma 
transglutaminase, Factor XIII in both WT and tTG null mice. Treatment 
of tTG null mice with liposome-encapsulated clodronate to eliminate 
macrophages, reduced both factor XIII expression and inward 
remodeling after 7 days of low blood flow. These data show that tTG 
plays a crucial role in the inward remodeling of small arteries in both L-
NAME induced hypertension and reduced blood flow. Compensatory 
mechanisms in tTG null mice may depend on macrophage-derived 
factor XIII. Supported by the Netherlands Heart Foundation [NHS 
2001.D038]. 
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Saturday 2nd September – 10:30-12:30 
THE ROLE OF SHEAR STRESS IN MICROVASCULAR BIOLOGY 

Parallel Symposium – SSH 
 

SSH.1

SHEAR STRESS-INDUCED MODULATION OF MMP-2 AND 
ANGIOGENIC TRANSCRIPTION FACTORS EXPRESSION IN 
MICROVASCULAR ENDOTHELIAL CELLS. 

M Milkiewicz [1,2], TL Haas [2] 
[1] Dept. of Laboratory Diagnostic & Molecular Med.,Pomeranian Med. 
Univ., Szczecin, Poland, [2] School of Kinesiology and Health Sciences, 
York Univ , Toronto, Canada. .

Fluid shear stress is a mechanical stimulus that regulates cellular 
signaling in a time-, magnitude- and phenotype-dependent manner. We 
adopted the laser capture microdissection [LCM] method to specifically 
isolate and analyze gene expression in capillaries from skeletal muscle 
samples. No difference in MMP-2 mRNA level was detected in 
dissected capillaries from muscle in which elevated shear stress was 
induced by administration of prazosin. In cultured endothelial cells 
[SMEC] an attenuation of MMP-2 mRNA and protein levels was 
observed in response to enhanced laminar shear forces [SS]. Nitric 
oxide [NO] and p38 were shown to be involved in the SS-induced 
downregulation of MMP-2 expression. Furthermore, NO donors [NOC18 
and SNAP], inhibited basal MMP-2 production in SMEC. Conversely, 
inhibition of NO production in vivo enhanced endogenous MMP-2 
production. Shear forces also modulate expression of transcription 
factors. In prazosin-treated animals a transient augmentation of Ets-1, 
HIF-1α and HIF-2α mRNA levels was observed. However, SMEC 
stimulated by SS responded with a transient up-regulation of Ets-1 gene 
while the levels of HIF-2α and HIF-1α mRNA were reduced. VEGFR2 
and ERK1/2 activation contributed to SS-induced increase in Ets-1 
expression whereas phosphorylation of p38, stimulated by SS, acts to 
decrease Ets-1 expression. The SS-induced suppression of HIF-2α 
mRNA, but not HIF1a, was mediated by ERK1/2 and nitric oxide. 
Distinctive endothelial cell-specific gene expressions of angiogenic 
factors observed in response to SS provide new insights into the role of 
this mechanical force in regulation of vascular remodeling and shear 
stress-induced capillary growth. 

 SSH.2

SHEAR STRESS-INDUCED ENDOTHELIAL GENE EXPRESSION IS 
INVOLVED IN THE REGULATION OF ANGIOGENESIS 

A Zakrzewicz [1], M Bongrazio [1], L DaSilva-Azevedo [1], S Chlench
[1], Th Pohlkamp [1], Ch Hoffmann [1], M Hohberg [1], O Baum [2], W 
Wunderlich [1], A Alter [1], J Knöchel [1], AR Pries [1] 
[1] Inst. of Physiology, Charité, Berlin, Germany, [2] Inst. of Anatomy, 
Univ. of Bern, Bern, Switzerland 

 
Sprouting, collateralisation, intussusception and stenosis/occlusion 

are accompanied by a significant decrease or increase of shear stress 
acting on endothelial cells. So we hypothesized, that alterations in shear 
stress change the angiogenic status of endothelial cells. 

Endothelial cells were exposed to shear stress using a cone-and-plate 
system and analysed for altered gene expression by differential display 
RT-PCR, gene arrays, northern blots, real time RT-PCR, and Western 
blots.  

Angiogenesis-related genes, angiopoietin-2, FOXO1, TSP-1, CD36, 
and DEPP were down-regulated, tie-2, ADAMTS-1, VEGF, and gas-3 
up-regulated by shear stress. Shear stress-induced expression of 
ADAMTS-1 and tie-2 occurred via p53 and PLC and was completely 
blocked by eNOS-inhibition. So, wild type, eNOS, and nNOS knock out 
mice were analysed for prazosin(shear stress-)-induced angiogenesis in 
skeletal muscles and their endothelial cells isolated for determination of 
VEGF and eNOS. Elevated shear stress failed to induce angiogenesis 
in eNOS knock out mice, while suppression of TSP-1, CD36 and 
angiopoietin-2 by shear stress was confirmed in prazosin treated wild 
type mice. 

Taken together, shear stress-induced endothelial gene expression can 
be a mechanism to regulate angiogenesis. Supp. by DFG ZA 184/3-2 

 
 

SSH.3

MOLECULAR PATHWAYS INVOLVED IN THE SIGNAL 
TRANSDUCTION OF SHEAR STRESS-INDUCED DILATION OF 
MICROVESSELS. 

A Koller [1,2] 
[1] Dept. of Pathophysiology Semmelweis Univ., Budapest, Hungary, [2
Dept. of Physiology, New York Med. Co lege, Valhalla NY, USA. 

] 
l

Increases in flow or viscosity of blood via changes in wall shear stress 
have been established as an important regulator of microvascular tone. 
Increases in shear stress elicit dilations resulting in a negative feedback 
regulation of shear stress aiming to minimize the power loss in the 
circulation. The signal transduction of shear stress involves primarily 
endothelial mechanisms affecting the tone of smooth muscle [i.e. 
diameter]. In various microvascular beds and conditions, steady 
increases in shear stress, likely via deformation of membrane related 
molecules via elements of cytoskeleton, ion channels, G proteins, 
tyrosine kinases etc. activate endothelial nitric oxide synthase [eNOS] 
and/or prostaglandin synthesis and/or release of reactive oxygen 
species. During sudden increases in blood flow [for example during the 
onset of exercise], increases in shear stress can have high temporal 
gradients. Studies of endothelial cells in culture and in isolated skeletal 
muscle arterioles of PECAM-1 knockout mice suggest that PECAM-1 
plays an important role in the endothelium’s ability to sense high 
temporal gradients of flow/shear stress, which is coupled with NO-
mediated dilatation. In several disease conditions, such as 
hypertension, hyperhomocysteinemia and diabetes reduced NO and 
increased prostaglandin H2 / thromboxane A2 mediation of shear stress-
induced responses has been documented. In addition, genetic lack of 
eNOS invokes compensatory mechanisms, such as endothelium 
derived hyperpolarizing factor[s]. Collectively, these findings suggest 
that it is important to delineate the details of shear stress-induced signal 
transduction in normal and disease conditions. [Supported by Hungarian 
Nat. Sci. Res. Funds, OTKA T-48376 and NIH USA HL-46813, AHA NE 
Aff. 0555897T] 

 SSH.4

FUNCTIONOMICS IN CARDIOVASCULAR DEVELOPMENT. THE 
ROLE OF FLUID SHEAR FORCES 

BP Hierck, K van der Heiden, MC DeRuiter, AC Gittenberger-de Groot, 
RE Poelmann 
Dept. Anatomy and Embryology, Leiden Univ. Med. Center, Leiden, The
Netherlands.

 
 

Fluid shear stress is an important determinant of cardiovascular 
development and pathology. When shear stress levels alter, vascular 
tone changes through the release of endothelin-1 and nitric oxide, and 
endothelial cells react by changing gene expression. We hypothesize 
that altered gene expression directs morphological changes in the heart 
and vessels during development. We generated a model with altered 
shear stress in a chicken embryo. This results in a change in blood flow 
through the embryo and a concomitant cardiovascular malformation. In 
a multidisciplinary study we are studying the functional relation between 
physiology and genetics in the developing embryo. Physiological data 
[flow velocity, pressure, volume] on the chicken embryonic heart is 
generated. This data, and data from microPIV [particle image 
velocimetry] measurements, is fed into a custom made computational 
fluid dynamics model of the embryonic heart in which it is possible to 
predict “hotspots” of shear stress. The genetic part of the project 
focuses on the endothelial response to shear stress. Levels and 
patterns of expression of key regulatory genes have been studied during 
normal development and in the model. Furthermore, shear dependent 
endothelial function and differentiation was determined by 
immunostaining and QPCR. Recently, we identified shear stress 
sensing primary cilia on embryonic endothelial cells in areas of low and 
disturbed blood flow. Cilial distribution correlated with expression 
patterns of shear responsive genes. The combination of these sources 
of biological read-outs will provide essential information about the role of 
hemodynamics in cardiovascular development. 
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Saturday 2nd September – 14:30-16:30 
ANGIOGENESIS: FROM MOLECULE TO THERAPY 

Plenary Symposium – SAN 
 

SAN.1

ANGIOGENESIS IN LIFE, DISEASE AND MEDICINE 

P Carmeliet 
Univ. of Leuven, Belgium. 

Abstract not available 

 SAN.2

CONTRIBUTION OF HYPOXIA AND CIRCULATING CELLS TO 
ANGIOGENESIS 

VWM van Hinsbergh, RA. Verloop, M Duijndam, L Seghers, MA. 
Engelse 
Dept. Physiology, Inst. for Cardiovascular Research, VU Univ. medical
center, Amsterdam, The Netherlands. 

 

 
Poor tissue perfusion by acute or chronic obstruction of the proximal 
arteries can cause a tissue response to restore tissue perfusion. The 
response includes an angiogenic response of vascular cells, in 
particular the endothelium in the hypoxic tissue; recruitment of 
circulating bone-marrow-derived cells, which facilitate the angiogenic 
response; and widening of the proximal vessels to ensure an increase in 
blood flow. In disease this response is often inadequate. Analysis of 
gene expression data of endothelial cells cultured under various oxygen 
regimens provides information regarding the induction of genes that 
facilitate angiogenesis and maintenance of the tissue. Major regulators 
in hypoxia are the transcription factors HIF-1 and HIF-2, which are 
mainly regulated by the availability and nuclear accumulation of their 
HIF-1α and HIF-2α subunits, respectively. Both HIF-1 and HIF-2 can 
contribute to neovascularization in vitro and in vivo. In addition, also 
other pathways are involved including PI3K/AKT/mTOR, which acts on 
stabilizing protein synthesis. In addition to the induction of angiogenesis 
factors, such as VEGF-A, receptors and chemokines are induced, 
including SDF-1, that contribute to the recruitment of bone marrow 
derived cells. These progenitor cells, which include cells with myeloid 
characteristics, are attracted to the sites of neovascularization and are 
thought to accelerate the angiogenic response. In diabetes and 
myocardial patients their number is reduced. Furthermore, circulating 
cells contribute to the remodeling of the proximal small arteries and 
arterioles, which is needed for proper and sufficient perfusion of the 
newly formed vessels. 

 

SAN.3

POTENTIAL SIDE EFFECTS OF PRO-ANGIOGENIC THERAPIES 

PHA Quax 
TNO - Gaubius, TNO Biomedical Research, Gaubius Laboratory, 
Leiden, The Netherlands. 

In the past few years a lot of progress has been made in the area of 
revascularisation therapies for treating patients with occlusive arterial 
disease. Angiogenic therapies are regarded as attractive approaches for 
treating ischemic heart disease and peripheral arterial disease. 
Therapies based on the application of VEGF, either as protein or by 
gene therapy, have been studied by many groups, with variable success 
rates. However, recently it has been realized that pro-angiogenic 
therapies may also affect the intra-plaque capillary formation and in that 
way may affect plaque stability and intra-plaque hemorrhage. Taken into 
account that the patients to be treated by pro-angiogenic therapy usually 
are end-stage atherosclerotic patients, this might be a serious 
complicating factor. Recently it has been appreciated that the induction 
of collateral artery formation, also called arteriogenesis, is a process 
that is highly driven by inflammatory factors and cells. Induction of an 
inflammatory response is thought to stimulate the formation of collateral 
arteries to restore the blood supply to ischemic tissue. On the other 
hand it should be realized that atherosclerotic plaque progression is 
also highly inflammation driven. The dual role of inflammatory factors in 
induction of an angiogenic or arteriogenic response and in the 
progression of atherosclerosis is a serious factor that should be taken 
into account when designing new pro-angiogenic and/or pro-
arteriogenic therapies in patients with end-stage arterial occlusive 
disease. 

 SAN.4

THE MOLECULAR PATHWAYS DIRECTING ARTERIOGENESIS 

W Schaper 
Max-Planck-Ins itut für Herz- und Lungenforschung, Exp. t Angiologie
Bad Nauheim, Germany. 

, 

Arteriogenesis is the development by cellular proliferation of pre-
existing arterioles into bulk blood conducting arteries. This takes place 
after an acute occlusion of a peripheral artery or by progressive 
tightening of a coronary stenosis. It was long known that this process 
involves DNA synthesis of endothelial and smooth muscle cells with 
subsequent cell division. The growth factors involved are different from 
those of angiogenesis because infusion of angiogenic proteins lead only 
to slight and transient increases in growth and their genes show no 
increased expression after the occlusion challenge. The physical 
stimulus to growth is fluid shear stress. In order to provide a maximal 
shear stress stimulus we created an AV shunt between the distal stump 
of an occuded femoral artery and the accompanying vein which leads to 
a marked iincrease in collateral vessels growth resulting in conductance 
values 2-fold over that of the normal non-occluded artery. Microarray 
analysis of shunt stimulated collateral vessels show a 15-fold 
overexpression of the ABRA gene [actin binding rho activating] which 
was not so far described of being involved in vascular processes. ABRA 
expression stays elevated as long as the growth process is active and 
its expression is directly and linearly related to blood flow. Transfection 
with an ABRA carrying vector markedly increases collateral blood flow 
and knock-down leads to deceases. In cultures smooth muscle cells 
ABRA acts a s a mitogen. We conclude from these findings that 
arteriogenesis is controlled by the Rho pathway in addition to the 
already known influence of bone marrow derived cells [monocytes]. 
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