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Preface

It is my privilege to present the Annual Report 2009 of the Division of Surgical 
Research at the Department of Surgery, University Hospital Zurich.

Among the personnel changes within the Department of Surgery, I have to 
mention the departure of Prof. Reto Stocker, Director of the Surgical Intensive 
Care Medicine at the end of December 2009. I would like to thank him for his 
personal support of the surgical intensive care research group.

The investments of laboratory equipment made in the past year include 
the purchase of a real-time PCR system, two water purification systems, a 
Western Blot system, two CO2 incubators, a streamer, two centrifuges, a 
laminar flow cabinet as well as a paraffin dispenser and an isoflurane vapor-
izer for the microsurgery and histology rooms and a digital camera and a 
thermal binding machine for our photo and graphic services.

For teaching activities, several wet lab events for surgeons and microsurgery 
classes for surgical residents were offered. The weekly lectures held by the 
Divisions of Surgical Research at the University Hospital Zurich were regu-
larly attended by the members of our Division and other researchers repre-
senting an integrative part of the academic curriculum within the University, 
University Hospital and the Swiss Federal Institute of Technology.

It is my great pleasure to thank all members within our Division as well as our 
research partners of the University, University Hospital and the Swiss Federal 
Institute of Technology for last year's excellent performance and collaboration.
 

Yours sincerely

Dear Colleagues

Prof. Dr. med. 
Gregor Zünd,
Head Division of 
Surgical Research

Prof. Dr. med. Gregor Zünd
Head Division of Surgical Research
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1. Organisation

Prof. Dr. med.
Pierre-Alain Clavien,
Director Clinic of
Visceral & Transpl. 
Surgery

Prof. Dr. med.
Pietro Giovanoli,
Director Clinic of
Plastic - Hand & 
Reconstr. Surgery

Prof. Dr. med.
Walter Weder,
Director Clinic of 
Thoracic Surgery

Dr. med.
Markus Bechir,
Head of Intensive 
Care Unit

Prof. Dr. med. 
Tullio Sulser,
Director Clinic of 
Urology

1.1  Position of the Division of Surgical Research within the  
 Department of Surgery

Prof. Dr. med.
Volkmar Falk
Director Clinic of
Cardiovascular 
Surgery

Prof. Dr. med. 
Gregor Zünd,
Head Division of 
Surgical Research

Prof. Dr. Dr
Klaus W.Grätz,
Director Clinic of
Cranio-Maxillofacial 
Surgery

Prof. Dr. med.
Hans-Peter Simmen,
Director Clinic of 
Trauma Surgery

Vi
sc

er
al

 &
 T

ra
ns

pl
an

t. 
Su

rg
er

y

P
la

st
. -

 H
an

d 
&

 
R

ec
on

st
r. 

S
ur

ge
ry

C
ar

di
ov

as
cu

la
r S

ur
ge

ry

Th
or

ac
ic

 S
ur

ge
ry

C
ra

ni
o-

M
ax

ill
of

ac
ia

l
S

ur
ge

ry

Tr
au

m
a 

S
ur

ge
ry

U
ro

lo
gy

Division of Surgical Intensive Care Units

Division of Surgical Research

Department of 
Surgery



Prof. Dr. med.
Gregor Zünd,
Head Division of 
Surgical Research

Prof. Dr. phil. ll
Rolf Graf,
Co-Head Division of 
Surgical Research

Susanne Frehner,
Administration 
Division of Surgical 
Research

1.2 Structural Organisation of the Division of Surgical   
 Research

Visceral & Transpl. 
Surgery Research

Trauma Surgery 
Research

Plastic-Hand & Reconstr. 
Surgery Research

Thoracic Surgery 
ResearchDivision of Surgical 

Research
Urology Research

Cardiovascular Surgery 
Research

Cranio-Maxillofacial
Surgery Research

Surgical Intensive Care 
Research

Skill Laboratories

Services
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2. Research and Development

2.1 Cardiovascular Surgery Research

Cardiovascular
Surgery Research

Dr. med.
Max Emmert

2.1.1 Cardiovascular Regenerative Medicine 

Prof. Dr. med. Dr. rer. nat. Simon Philipp Hoerstrup

2.1.1.1. Stem Cells

Eefje Bierhoff
med. techn.
Assistentin

Dr. med.
Jan-Karl
Burkhardt

med. Phd Student
Benedikt Weber

Ursula Steckholzer
dipl. biomed.
Analytikerin

Petra Wolint
Laborantin

Prof. Dr. med. 
Simon Philipp 
Hoerstrup

Prof. Dr. med. 
Dr. rer. nat. Simon 
Philipp Hoerstrup

Cardiac Diseases and Limitations of Conventional Therapies 
Ischemic heart disease is the primary cause of death throughout the western 
society and has tremendous socio-economic impact. Obstruction of the coro-
nary arteries leads to myocardial infarction (heart attack) followed by death 
of the heart cells. The adult heart cannot regenerate after ischemic injury 
as cardiomyocytes do not possess an ability to divide and the heart lacks 
sufficient reserve of precursor or stem cells. The loss of myocytes leads to 
progressive dilation of the myocardial wall and eventually to cardiac failure. 
So far, conventional medication or heart transplantation is the only option for 
patients with cardiac failure. However, conventional medication can treat only 
the symptoms and the disproportion between the number of donor organs 
and the number of potential transplantation candidates limits transplantation 
to a minority of patients. About 20% of patients die during waiting time (Olson, 
2004). Therefore, unmet therapeutic demand requires novel therapy options 
to be developed. 

The Ideal Therapeutic Intervention 
The potential future therapy to treat myocardial infarction must satisfy two 
objectives. First, treating immediately in the acute phase to limit the damage 
and reduce the infarct size. Second, in a sub-acute or chronic phase after 
infarction, the aim of the therapy is to restore heart functionality. Current treat-
ment for acute infarction includes providing of metabolic substrates to the 
ischemic heart such as suppressing the neurohormonal activation and improv-
ing the state of remaining cardiomyocytes using adrenergic receptor blockers 
and angiotensin-converting enzymes. Promising results have been achieved 
recently by novel targeted approaches like the administration of histone  
deacetylase inhibitors, which reduces by more than half the size of the  
infarction zone (Granger et al., 2008). 

Dr. sc. nat.
Roman
Schönauer

Dr. sc. nat.
Irina Agarkova

Sandra Geissler
Study Coordination
and Administration

Dr. rer. nat. 
Steffen Zeisberger

Thomas Baumgartner
Study Coordination
and Administration

cand. med.
Chad Brokopp

Phd Student
Jérôme Robert

Cardiovascular 
Regenerative Medicine

Hybrid and Minimally 
Invasive Technologies

Congenital Heart 
Surgery

Dr. med.
Francesca
Papadopulos

Dr. med.
Laura Baumgartner

Dr. med. PhD
Ajit Sankar Mallik

Mechanical Circulatory 
Support/ECMO

Prof. Dr. med. 
Volkmar Falk
Head Cardio-
vascular Surgery



Dimmeler S, Zeiher AM, Schneider MD. J Clin Invest. 2005 Mar;115(3):572-83

However, decreased heart function and progression to cardiac failure of the 
post-infarcted heart cannot be reversed by contemporary drugs or assistant 
device support. Therefore an effective therapy must replace or repair the lost 
cardiomyocytes in the injured heart.

Cell-Based Heart Therapy – Current State
Several categories of stem cells are being examined in preclinical and clinical 
trails for their ability to promote cardiac repair: crude bone marrow-derived/ 
circulating progenitor cells (BMPCs) and their subpopulations, such as mesenchy- 
mal stem cells (MSCs) and endothelial progenitor cells (EPCs), skeletal 
myoblasts (SM), embryonic stem cells (ESCs), induced pluripotent cells (iPS) 
and resident cardiac stem (or cardiomyocyte progenitor) cells (CSCs). While 
embryonic stem cells which display the highest plasticity are still in preclinical 
evaluation, the other aforementioned adult stem cells have advanced to clinical 
trials.

Each cell type comprises several advantages and disadvantages. Autologous 
skeletal myoblasts were among the first cell types tested for cardiac repair but 
limitations of their therapeutic use were the lack of electrophysiological inte- 
gration within the host myocardium and a consequent high risk of arrhythmia. 
The ongoing human trials have been recently terminated because of marginal 
therapeutic benefits. Most research groups are focusing on BMPCs, which are 
already in phase III, double-blind and placebo-controlled clinical trials. BMPC 
injection is considered as feasible and safe although it is not clear whether any 
of the BMPC subtypes effectively improve cardiac function over periods of more 
than few months. Providing cytokines and growth factors to the injured myocard- 
ium might be the major mechanism for the favourable effects of BMPCs, while 
the evidence of BMRCs trans-differentiation into cardiomyocytes remains con- 
troversial. Several studies have shown that cardiac differentiation capacity of 
BMPCs in vivo is very low (if at all) and can’t explain the short term therapeutic 
effect provided to the infracted heart. Other cell sources are therefore required 
to replace the lost contractile cells and re-establish the normal heart function. 

cand. med.
Simon Schams

cand. med.
Pascal Heye
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Critical evaluation of the literature suggests that only hESCs (Figure 1) and 
hCPCs have a high potential to differentiate and meet the criteria of functional 
cardiomyocytes:  (1) the presence of contractile protein assembles, sarcomeres 
and (2) the availability of cardiac specific ion channels, (3) gap junctions, and 
(4) hormone receptors. Human ESCs are the most versatile of stem cells due 
to their ability to differentiate in any cell type in the adult body, including cardio-
myocytes and vascular endothelial cells, relevant for cardiac repair. The ability 
of hESC-derived cardiomyocytes to regenerate the heart after infarction has 
been demonstrated in several studies (for review see Laflamme et al., 2007).  
These results open up exciting prospects for the treatment of cardiac diseases; 
however, further research will be required to improve engraftment of these cells 
in the heart and ensure sustained improvement of cardiac function. Moreover, 
until the problem of tumorigenicity is not resolved, hESCs don’t represent the 
superior clinical option. Potential ways to avoid the teratoma formation might 
be full commitment/differentiation of ESCs into cardiomyocytes and endothelial 
cells (Laflamme et al., 2007) and efficient cell sorting prior to implantation.

Increased Neovascularisation of porous Poly-urethane as future bypass graft material induced by Vascular 
Endothelial Growth Factor (VEGF). Quantification of micro vascular network by Micro-CT (A), Corrosion Casting 
(B, C) and Lectin Perfusion (D)

MCSs as the benchmark cell for Cardiac Repair 
Meanwhile it is commonly accepted that the majority of cells in MSC populations 
display only very low frequency of cardiomyocyte differentiation and that their 
beneficial effect is hypothesized to be mainly due to a paracrine effect (Phinney 
and Prockop, 2007) rather than providing a functional replacement. The secreted 
cytokines and growth factors might suppress the immune response, inhibit  
fibrosis and apoptosis, enhance angiogenesis or stimulate the endogenous 
precursor cells for cardiac differentiation (Caplan and Dennis, 2006). 



Next to the paracrine effect MSCs have shown to provide immunomodulatory 
properties as a result of interactions between MSCs with T-and B cells sup-
pressing proliferation, differentiation and chemotaxis (Chamberlain et al., 2007), 
which makes them interesting for cell therapy applications. However, Breitbach 
and coworkers have also shown potential risks resulting from MSCs by calci-
fication in the myocardium after intramyocardial injections into a mouse infarct  
model (Breitbach et al., 2007). Nevertheless, due to the intensive experiences 
with this stem cell type, particularly in regard to a large number of clinical studies, 
MSCs will serve as a benchmark cell type in this study.

Microtissue 3D Technology
Microtissue technology aims to improve cellular retention and integration by pro-
viding cellular aggregates in a more organized functional state already in-vitro. 
Applying this technology in previous studies has enabled in-vitro generation of 
artificial myocardium from neonatal and adult cardiomyocytes, which produce 
pro-angiogenic factors such as VEGF (Kelm and Fussenegger, 2004). Such 
factors are most likely beneficial for the integration of implanted cells to the host 
vascular system. In initial studies myocardial microtissues produced from neo-
natal rats have demonstrated the capacity to connect to a host vascular system 
(Kelm et al., 2006) and integrate into the myocardium (Kelm et al., 2006).

Cellular Self-Assembly in Hanging Drops for 3D approaches
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2.1.2.1 Cardiovascular Tissue Engineering

The main focus of cardiovascular tissue engineering is on the development 
and in vitro generation of living tissues for cardiovascular surgery including 
tissue engineered blood vessels, heart valves as well as patches. Presently 
utilized heart valve and blood vessel prostheses carry disadvantages for the 
patients mainly because non-living, artificial devices are inserted into the 
human organism. Tissue engineering enables the in vitro production of autol-
ogous, living and functional replacements with the capacity of growth for con-
genital application as an alternative to state of the art artificial replacements.

Main research projects:
n Tissue engineering of cardiovascular structures (heart valves, vascular  
 grafts, patches)
n  Preclinical trials in animal models (sheep)
n Clinical pilot trials in human patients

Tissue engineering of cardiovascular structures
To address the substantial limitations of state of the art artificial heart valve and vascular pros-
theses, the ultimate goal of tissue engineering is to construct living tissues from their cellular 
components which combine most of the characteristics of the native original. For a functional 
heart valve these include adequate mechanical characteristics, durability, adequate hemo-
dynamic performance, as well as the absence of immunogenic and inflammatory reactions. 
Moreover, the living tissue engineered heart valve (TEHV) is supposed to offer an inherent 
capacity of growth, addressing a so far unmet medical need in children with congenital hart 
disease. The success of tissue engineered heart valves is dependent on three main issues: 
(1) the proliferation and differentiation potential of the cell source from which a living neo-tissue 
is grown; (2) the scaffold matrix which determines the three-dimensional shape and serves 
as an initial guiding structure for cell attachment and tissue development; and (3) the in vitro 
culture conditions of the living construct before implantation. This in vitro “conditioning” can 
be influenced by the culture media and mechanical stimulation such as pulsatile flow by using 
bioreactors.

Overview of heart valve tissue engineering process:

Autologous cells are harvested from the patient (a) and isolated (b). (c) After culturing and expanding in vitro, 
cells are seeded onto a heart valve starter matrix that could be polymeric or xenogeneic. (d) Seeded constructs 
are positioned into a biomimetic bioreactor system and conditioned before implanted into the patient. Adapted 
from Schmidt and Hoerstrup, 2006



The scaffold matrix can be based on biological or synthetic materials. The bio-
logical replacement materials can be of allogenic or xenogenic origin. While 
allogenic starter matrices possess the major limitation of the lack of sufficient 
quantities due to organ scarcity, allogenic valve prostheses are associated 
with several tissue-related shortcomings. This includes the potential risk of 
transmission of zoonoses and a remaining immunogenicity of the animal-
derived valves. In the contrary, synthetic scaffold materials exclude the above 
mentioned limitations and have already broadly been used for cardiovascular 
tissue engineering. Initial attempts to create tissue engineered heart valve 
leaflets were based on synthetic scaffolds, such as polyglactin, polyglycolic 
acid (PGA), polylactic acid and copolymers thereof. To create complete trileaf-
let heart valves, materials based on polyhydroxyalkanoates (PHA) have been 
used and also combinations of aliphatic polyesters and PHA. Particularly, 
the use of PGA coated with poly-4-hydroxybutyrate (P4HB), combining the 
thermoplastic properties of P4HB and the high porosity of PGA, rendered 
promising results.

Preclicincal trials in sheep
The cells used for cardiovascular tissue engineering can be isolated from 
donor tissues and subsequently are expanded in vitro to obtain sufficient 
quantities for seeding the scaffolds. Thereafter, the seeded constructs are 
grown in vitro resulting in the formation of e.g. valve-analogous neo-tissues. 
So far, most of the heart valve tissue engineering studies were based on 
the utilization of vascular derived cells. With regard to clinical applications, 
alternative human cell sources have been investigated including cells derived 
from bone marrow, umbilical cord or fetal origin. In contrast to vascular cells, 
these cells can be obtained without surgical interventions representing an 
easy-to-access cell source in a possible routine clinical scenario. Due to their 
good proliferation and progenitor qualities, these cells are expected to be an 
attractive alternative for cardiovascular tissue engineering applications, par-
ticularly pediatric applications. 

Macroscopic picture of autologous tissue engineered heart valve (TEHV) based on vascular-derived cells in-
tegrated into a self-expanding nitinol stent, (A) distal view and (B) proximal view. Schmidt et al, JACC 2010.

TEHV before implantation
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Schematic view of transapical valve delivery (A) and positioning (B) in the pul-
monary position. The delivery system loaded with the crimped tissue engine- 
ered heart valve (TEHV) is inserted transapically into the right ventricle (a). 
The delivery system consists of an inner pusher (c) and a sheath (d). The 
crimped TEHV integrated into the nitinol stent (b) is carefully deployed into the 
pulmonary position by slowly advancing the inner pusher (c) into the sheath
system (d). Schmidt et al, JACC 2010.

Functional Growth in Living Cardiovascular Grafts

pre-implantation in-vivo post-explantation
Autologous living tissue engineered pulmonary arteries demonstrated growth characteristics in a sheep model 
follwed up to 100 weeks. Hoerstrup SP et al. Circulation 2006

In recent years, research has demonstrated the principle feasibility of the 
autologous tissue engineering concept for cardiovascular applications in 
heart valves and blood vessels. Tissue-engineered large diameter vascular 
grafts have been successfully used in low and systemic pressure applications 
in sheep, and technology transfer to human cells has been shown. Shin’oka et 
al. pioneered clinical applications and recently reported the first clinical follow
-up data on vascular autografts engineered with human bone marrow cells.

Delivery of TEHV



Although representing milestones in the field and proofing feasibility, the 
fundamental aspect of growth capacity of engineered cardiovascular tissues 
remain to be a critical point for clinical implementation. In a large animal study, 
Hoerstrup et al. (Circulation 2006) investigated the function and growth in 
tissue-engineered living main pulmonary arteries over a period of 100 weeks 
in a lamb model, covering the full growth of this animal model. Their investig-
ation provides first evidence of functional growth in living pulmonary arteries 
engineered from vascular cells in a full growth animal model. These findings 
support the potential of the tissue-engineering concept for congenital appli- 
cations and may provide a further experimental basis to justify large-scale 
clinical implementation.

Clinical pilot trials in human patients

An open monocentric study to evaluate the safety / efficacy of an autologous 
tissue-engineered vascular graft in pediatric patients requiring reconstruction 
of right ventricle outflow tract

  Primary study objective:
  Evaluation of the safety of the tissue engineered   
  vascular graft (TEVG) as defined by ‘number of graft  
  related post-operative complications’ within the first
  6 months after TEVG implantation

Objective(s): Secondary study objective:
  Evaluation of the long-term safety of the implanted 
  TEVG, as defined by ‘number of graft related post- 
  operative complications’ within 12, 24 and 36 months  
  after TEVG implantation.
  Evaluation of the biological growth in diameter of the  
  TEVG within 12, 24 and 36 months after TEVG 
  implantation. 

Number of Subjects: 6 to 10 patients, 2-6 years
Duration 5 years (2 y recruitment, 3 y follow up)
Planned study start Dec 2011
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2.1.1.3 Disease Modeling

Atherosclerosis Modeling In-vitro

Atherosclerosis
Heart attacks and stroke kill over 70,000 Swiss citizens annually, and globally, 
kills more people than HIV and cancer each year. These deaths occur when 
so called vulnerable atherosclerotic plaques rupture and obstruct blood flow, 
starving the brain and heart of vital oxygen.

Vulnerable atherosclerotic plaques. A.  Atherosclerosis in a chronic disease that leads to plaque rupture and 
vascular occlusion. B.  Cross-section of a lethal coronary plaque rupture. Adapted from Heistad D. Unstable 
coronary-artery plaques. N Engl J Med. 2003. )

Tissue Engineered Atherosclerosis Modeling

To date, the atherosclerosis mechanistic studies have been limited simple 
two dimensional in-vitro cell culture systems, and animal models. Findings 
derived from such assays suffer from a large deviations from the human 
context. As a next generation approach, at the SCRM we employ a hybrid 
strategy to combine traditional cell culture assays with tissue engineered  
vascular systems. By investigating atherogenesis in biomimetic human-based 
tissue engineered vessels complete with haemodynamics and three dimen-
sional vascular histology, we observe unique bio-phenomena more congruent 
with human atherogenesis, than conventional modeling.

Atherogenesis modeling in microtissues

Microtissue Engineering creates functional microscale tissues, to enable 
cell-based screening assays with enhanced biological relevance compared 
to traditional two dimensional cells culture systems. We have created human 
vascular microtissues from by the isolation of human vascular cells derived 
from patients undergoing vascular surgery. These cells have been shown to 
functionally mimic their in-vivo counterparts, and capable of reassembling into 
the hierarchical structure of a human artery in-vitro.

Human derived vascular microtissue.  Human aortic fibroblast coated with 
umbilical vein endothelial cells (HUVEC, 10,000 ± 300 : 1,000 ± 20 cells) 
view by confocal cross-section. HUVEC-specific staining of PECAM-1 
(platelet-endothelial cell adhesion molecule-1, red) and vonWillebrand 
factor (green) displaying HUVEC migration and capillary formation. (scale-
bar = 30 µm).  Kelm, 2005.



Microtissues for Atherosclerosis Biomarker Screening 

Atherosclerotic biomarkers are proteins which give clinician specific inform-
ation regarding the disease state.  In our approach microtissues are intro-
duced to known parameters of disease onset and disease progression such 
as low-density lipoprotein or lipopolysaccharide. We believe that proteomic 
changes in response to these induction stimuli will identify novel biomarkers 
of atherosclerosis. 

Microtissue formation and introduction of disease inducers.  Vascular fibroblasts (blue) are suspended in hang-
ing drops and  allowed to aggregate for two days.  Vascular smooth muscle cells (red) are then introduced to 
coat the fibroblast core over twenty four hours.  Endothelial cells (green) are then introduced to the culture 
medium, and after three days create a coating and capillary network through the microtissue. Known inducers 
of disease progression may then introduced into the medium at pathological levels to induce disease-onset and 
early progression.

HDL transport in tissue engineered vessels

Atherosclerosis is a chronic disease characterized by lipid retention and 
inflammation in the arterial wall. High density lipoproteins (HDL) exert diverse 
potentially atheroprotective functions including: reduced oxidative damage, 
inhibition of inflammation, and reverse cholesterol transport away from the 
vessel wall. While it is know that anti-atherogenic functions of HDL are 
exerted within the arterial wall, the mechanisms and dynamics by which HDL 
is transported through the vascular endothelium into the vascular wall is not 
known.
Cell culture experiments have shown that endothelial cells transport apoA-I 
and HDL by distinct specific mechanisms involving the scavenger receptor 
SR-BI and the ATP binding cassette transporters ABCA1 and ABCG1. We 
now demonstrate that it is possible to engineer functional artery equivalents 
as a model to study apoA-I/HDL transport under physiological and patho- 
physiological conditions.
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Influence of nano-currents on cells viability

A plethora of bioelectrodes currently used in biomedical and bioengineer-
ing applications have difficulty producing consistent and stable recordings 
because of the biological response mounted against the implanted elec-
trodes. The main cause of this is an increase in electrode impedance as a 
result of cell adhesion to, and the formation of a fibrous tissue matrix around 
the electrodes. 
In ongoing studies we have analyzed the effects of small pulsed nanocurrents 
applied to electrodes on cell viability in vitro and in vivo. In vitro experiments 
have shown that nanocurrents induce apoptosis in almost all aortic-derived 
cells attached to the electrode surface within 24 h of stimulation. In vivo, the 
same nanocurrents were applied to electrodes implanted subcutaneously into 
a rat model for 21 days. These in vivo results demonstrate that the applied 
nanocurrents are well tolerated by the surrounded tissue, and reduce the 
time-dependent increase of impedance for the implanted electrodes. We 
suggest that this technology may reduce tissue encapsulation and extend the 
recording quality and operating lifetime of implanted electrodes.

Small pulsed currents induce cell death in vitro (A) Percentage of dead cells (from total cells) versus time on the 
active Pt* surface compared to the passive SiO2 control surface. Control experiments with no current applied 
showed no difference in cell death between Pt* and SiO2 surface (data not shown) (B) Fluorescence image 
of the SiO2/Pt* boarder (dashed line) on the electrode after applying a pulsed current for 24 h and staining for 
dead cells with propidium iodide (red) and cell nuclei by Hoechst 33342 (blue).  Gabi M, Bullen ME, Agarkova I, 
Schmidt D, Schoenauer R, Brokopp C, Emmert MY, Larmagnac A, Sannomiya T, Weber B, Wilhelm MJ, Vörös J, 
Hoerstrup SP. Effects of small pulsed nanocurrents on cell viability in vitro and in vivo: Implications for biomedical 
electrodes. Biomaterials. 2010;31:8666-8673



n Department of Neurosurgery, University Hospital Zürich, Switzerland 
n Department of Biomedical Engineering, Technical University Eindhoven,
 The Netherlands
n Center for Integrative Human Physiology, University of Zurich, Switzerland
n Department of Materials, Federal Institute of Technology, Zürich,Switzerland 
n Department of Biochemistry, University Zürich, Switzerland 
n Department of Mathematics, Federal Institute of Technology, Zürich,   
 Switzerland
n Department of Computational Science, Federal Institute of Technology,
 Zürich, Switzerland
n Department of Veterinary Surgery, MSRU Vetclinics, University Zürich,  
 Switzerland
n Department of Cardiology, University Hospital Zürich, Switzerland 
n Department of Cardiac Surgery, Children's Hospital, Harvard Medical  
 School, Boston, MA, USA
n Department of Pathology, Brigham and Women‘s Hospital, Harvard   
 Medical School, Boston, MA, USA
n Massachusetts Institute of Technology (MIT), Cambridge, MA, USA 
n Laboratory for Tissue Engineering, German Heart Centre, Berlin, Germany 
n Department of Cardiology, Medical University of Vienna, Austria
n Institute of Nuclear Medicine, University of Debrecen, Hungary
n Laboratory for Transplantation Immunology, University Hospital Zürich,  
 Switzerland
n Institute of Chemistry and Applied Biosciences, Federal Institute of   
 Technology Zürich, Switzerland
n Institute of Anatomie, University of Bern, Switzerland
n Human Genetics Laboratory, Genetica AG, Zurich, Switzerland
n Department of Pathology, University Hospital, Zurich, Switzerland
n Randall Division of Cell and Molecular Biophysics, King’s College London, UK
n Fraunhofer Institute for Biomedical Engineering IBMT, St. Ingbert, Germany
n Embryonic Stem Cell Laboratory
n Department of Pathology and Immunology, Geneva University, Switzerland
n Experimental Cardiology Unit, Department of Medicine, University of   
 Lausanne Medical School, Switzerland

Collaborations 
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2.1.2.1. The advanced role of imaging and transcatheter valves  
 in cardiac surgery

PD Dr. med. Jürg Grünenfelder, Dr. med. André Plass,

Imaging plays an increasingly mayor role in cardiac surgery. This is based on 
the combination of the development of new imaging technologies and possibilities 
of application for optimization of procedures as well as new surgical tech- 
niques with the specific need of imaging.
New, respectively improved imaging technologies specifically in the cardiac 
field are  Echocardiography, Magnetic Resonance Tomography (MRT) and 
Computertomography (CT). 
Echocardiography can now be performed in real-time 3 dimensions (3D) 
which opens a new view to the different heart valves. MRT allows perfusion 
diagnostic in stress/rest test of the myocardium in highest quality and CT 
using Multi-Slice technology enables the illustration of the heart in very good 
spatial and temporal resolution. 
The introduction of new imaging techniques allows widening the spectrum 
of application not only in diagnostic but also for preoperative planning, intra-
operative navigation and postoperative follow-up. For optimal use a harmonic 
interdisciplinary cooperation between radiologists and cardiac surgeons is 
essential (image 1), because diagnostic procedures can already influence 
therapeutic steps. Radiologists are highly specialized and most experienced 
to use the different modalities to get a diagnosis. However, they cannot de-
cide for which treatment option because they do not perform the procedures. 
Therefore cardiac surgeons should be interested to get more involved already 
in the diagnostic phase.

Image 1. The four pillars of advanced imaging – diagnostic / planning / navigation / follow –up

PD Dr. med.
Jürg Grünenfelder

Dr. med.
André Plass

PD Dr. med.
Thomas 
Frauenfelder



Furthermore the development of new surgical techniques, especially minimally 
invasive, make the need of imaging more and more important.
Our research activities in imaging started with the introduction of the 16-Multi-
Slice Computertomography (MSCT). We compared the 16-MSCT with in-
vasive coronary angiography (gold standard) for assessment of coronary 
artery disease (CAD). The potential of MSCT was evident, but still it was not 
yet ready for clinical use. The temporal and spatial resolution was not sufficient 
enough to receive this image quality to perform complete image assessment 
with high sensitivity and specificity (1). In the subsequent models, 64-MSCT 
followed by the Dual-Source CT (DSCT), the performance demonstrated in 
several studies were so successful that these tools entered the clinical rou-
tine, at the moment mainly for exclusion diagnostic of CAD (2, 3, 4).
The use of MSCT for CAD could also be optimized if cardiac surgeons would 
be able to do active MSCT image assessment which means to work inter-
actively with radiologists and not only to read the report (image 2). It would be 
even better to use the work station independently to do not only diagnostics 
but also to plan a potential coronary revascularization. Cardiac surgeons are 
still used to and feel safer to plan bypass surgery based on invasive coronary 
angiographies.

Image 2. Path A shows the cardiac surgeon only listening passively to the radiologist, even without looking to the 
images. Path B illustrates the optimized procedure, an interactive discussion between radiologist and cardiac 
surgeon, as well as the ability of the cardiac surgeon to use at least the basic steps.
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MSCT can illustrate very detailed anatomy and topography of the heart and 
chest in 2- as well 3 dimensions. In addition different tools are available for 
measurements. This can be supportive and important for minimally invasive 
procedures where the trend in cardiac surgery is heading. 
Minimally invasive cardiac surgery can be defined in different ways:
1. Abandonment of heart-lung-machine with or without sternotomy
2. Abandonment of sternotomy with or without heart lung machine

The different approaches (like lateral thoracotomy) change the intraoperative 
conditions for a surgeon, the intraoperative view on the operating field as well 
as the space and range of motion of the instruments is more limited compared 
to sternotomy. Preoperative planning based on specific imaging is recom-
mended to surgeons to get optimal results. We developed a preoperative 
planning protocol for minimally invasive aortic valve replacement through a 
right-lateral thoracotomy. Different parameters were measured like distances 
from intercostal space to aortic valve and aorta, valve annulus to coronary 
entries (image 4). These data influenced and optimized the strategy of  
surgeons (6).

Image 3. Detection of a stenosis in the CT scan (A, arrow). Verification of potential ischemia or scar tissue
by PET in stress/rest test (B) and finally fusion of both imaging techniques for optimally related illus- 
tration of stenosis and affected myocardium (C).



Image 4. An overview of the chest topography in 3D for measurements between the regions of interests, e.g. 
intercostal spaces 3 and 4 to aorta as well as aortic valve (A). Picture B shows a detailed illustration of the 
ascending aorta for length measurement and assessment for potential calcifications.

The latest minimally invasive technique for valve treatment is a catheter-
based intervention with the consequence that the surgeons has no direct view 
to the operating field anymore. Therefore an exact preoperative planning is 
necessary for successful procedures. In a CT scan different measurements 
allow valve sizing and exclusion respectively detection of different risk fac-
tors. In addition surgeons can only navigate and implant the devices with the 
help of imaging tools like echocardiography and fluoroscopy. These imaging 
tools are becoming more and more important because the transcatheter valve 
procedures are one of the most promising techniques in the field of cardiac 
interventions at present. 
Transcatheter valves can be considered as a routine procedure to treat 
severe aortic stenosis in high risk patients. Although over 20000 cases have 
been performed worldwide the technique evolves constantly. 
Similarly the transcatheter treatment of mitral insufficiency (Mitraclip) has 
made the transformation from a purely investigational tool to a valid clinical 
option. In our institution we routinely perform both treatment modalities since 
several years with a steady increase of patients treated. This growing demand 
for transcatheter procedures will be accommodated with the introduction of a 
dedicated Hybrid-OR in April 2011. As a leading center for minimal-invasive 
interventions we also have the opportunity to evaluate new valves and new 
interventional tools in our animal lab facility which, eventually, will make their 
way into clinical routine.
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2.1.2.2 Computational Models in cardiac surgery

Computer Models for Implantation Planning
Dr. Ing. Michael Gessat 

Transcatheter Aortic Valve Implantation (T-AVI) is a novel treatment option 
for high-risk patients with severe aortic stenosis. In regular surgical valve 
replacement, where the native, dysfunctional, valve is explanted and a valve 
replacement implant is sutured in. This requires opening of the chest and the 
aorta to create a surgical access to the valve. In T-AVI, the valve is treated 
from inside the vessel with a catheter-based valve which is brought into the 
aortic root either through an transfemoral or a transapical approach. The 
natural, dysfunctional valve is not explanted. When the stented valve implant 
is unfolded in the aortic root, the natural valve leaflets are pressed against the 
vascular wall where they remain between the stent and the vascular wall. The 
whole procedure is conducted under angiography guidance, i.e. the surgeon 
does not have direct visual access to the situs and is left with a real-time X-ray 
image to steer the catheter into place before unfolding the stent.
For this kind of treatment, pre-interventional planning is crucial. Particularly, 
the selection of the best fitting valve implant and the determination of the 
optimal position for the valve to be implanted inside the aortic root need to 
be determined in advance. Three dimensional medical imaging modalities, 
such as X-ray computer tomography, provide a good basis for the genera-
tion of morphologic, patient specific models of the preoperative status of the 
aortic root and the left ventricular outflow tract. We are developing methods 
for creation of such models and a system which combines these models 
with geometric models of the implanted devices, thus allowing the surgeon 
to preoperatively have a virtual look on how an implant fits into the patient´s 
aortic valve.

Dr. Ing. Michael 
Gessat

Virtual implantation of two 3D implant templates into a patient specific model of an aortic root.

PD Dr. med.
Stephan Jacobs

Dr. med. Simon 
Sündermann



Biomechanical Analysis of T-AVI Complications 

Postoperative Aortic Insufficiency (AI) and AtrioVentricular Node Blocks (AVB) 
are frequent complications after T-AVI. The mechanical forces and pressure 
distribution at the interface between stent and tissue are known to influence 
the formation of these complications. Nevertheless, no quantitative data 
exists which describes this relation. Ongoing research at the USZ and the 
ETH Zürich aims at deriving such data as a first step in the direction of a com-
prehensive physical, predictive model of stent implantation in the aortic root. 
As a first step in 2010, a system was developed for image-based analysis of 
the in-vivo deformation of aortic valve stents. The data generated with ths tool 
provide a basis for retrospective analysis of the mechanical situation at the 
stent-tissue interface after implantation.

Virtual implantation of two 3D implant templates into a patient specific model of an aortic root.

n Computer Vision Laboratory, ETH Zürich (Zurich, Switzerland)
n Innovation Center Computer Assisted Surgery, Universität Leipzig   
 (Leipzig, Germany)

Collaborations: 
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2.1.3. Mechanical Cirulatory Support / ECMO

PD Dr. med. 
Stephan Jacobs

Ventricular Assist Devices 
PD Dr. Markus Wilhelm, PD Dr. Stephan Jacobs, Prof. Dr. Mario Lachat, 
Prof. Dr. R. Prêtre, Prof. Volkmar Falk

For isolated left ventricular support, we have started in 2010 using the most 
modern left ventricular assist device currently available on the market, the 
HeartWare® (fig. 1a and b). It is characterized by a magnetically levitated 
centrifugal pump which allows flows up to 8l/min and runs with a speed of 
2000 – 3000 U/min, as compared to ca. 7000 – 8000 U/min in axial-flow 
pumps which we used earlier. This reduces energy consumption and the risk 
for thrombus formation in the pump. It is suitable not only for bridge to trans- 
plantation, but also for long-term support in patients with contraindication for 
transplantation. With this intention-to-treat (“Destination therapy”), we have 
already implanted the pump in one patient.

Fig.1a. HeartWare® illustrating its position on top of 
the left ventricular apex

Fig.1b. HeartWare®: in comparison with a golf ball

Prof Dr. med.
René Prêtre

PD Dr. med.
Markus Wilhelm

Prof. Dr. med. 
Mario Lachat

Prof. Dr. med. 
Volkmar Falk

For biventricular support, we continue to use the Berlin Heart EXCOR. The 
Berlin Heart EXCOR is a para-corporeally located pulsatile pump (fig. 2).
In 2010, we have implanted this device in 7 patients, which increases the 
total number of such implants to 29 devices. So far, twenty patients (69%) 
were successfully treated of whom no one would have survived without this 
support.

Fig.2: Berlin Heart EXCOR (left: paracorporeal positionof the blood pumps; right: position of cannulae) 

Leiter Kardiotechnik
Peter Hasenclever



n Levitronics Inc. (Zurich and Boston, MA, USA)
n Berlin Heart (Berlin, Germany)
n HeartWare® (Framingham, MA, USA)

Collaborations: 

ECMO 
In 2010, ECMO (extracorporeal membrane oxygenation) was used in more 
than 40 patients, mostly for acute lung failure. The device can be run with 
different cannulation techniques, solely veno-venous, veno-arterial or veno-
veno/arterial. The type of configuration was subject of a retrospective study 
with the aim to identify the most effective way of cannulation in patients with 
ARDS.There was a trend to better survival in patients with veno-veno/arterial 
cannulation. The various disciplines involved in ECMO therapy will establish 
an algorithm to set treatment standards in this evolving field.

The ECMO support programme for peripheral hospitals which was started in 
2009 was continued in 2010. In total, five patients were transferred on ECMO 
support from outside hospitals to our center. The lives of three such patients 
could be saved. Although this service is demanding with respect to logistics 
and man power, every request for ECMO support by peripheral hospital could 
be managed (fig.3).

Fig.3: Patient transfer on ECMO



28

2.1.4. Congenital Cardiovascular Surgery

The Division of Congenital Cardiovascular Surgery at University Children’s 
Hospital, Zurich performed a total of 205 procedures using heart lung machine, 
and 100 procedures without the use of heart lung machine, during the year 
2010. The 30 day mortality for the 305 procedures performed by the congen-
ital team was 1.9%. The case mix consisted of a complete spectrum of con- 
genital heart corrections commensurate with a tertiary referral centre, ranging 
from PDA closure in premature kids under 1 kg, to correction of various forms 
of single ventricle including Hypoplastic left heart syndrome, ventricular assist 
device support, heart transplantations and respiratory ECMO support. Cardiac 
surgery on neonates constituted 16.4 % of the total number of operations 
performed at University children’s Hospital Zurich. 10 patients were supported 
with ECMO for a cumulative duration of 59 days; 8 of them survived and are 
doing well.

Prof Dr. med.
René Prêtre

PD Dr. med.
Hitendu Dave

Prof. Dr. med. René Prêtre, PD Dr. med. Hitendu Dave, Dr. Lotfi Ben Mime

Fig 1.Thirty day mortality at University Children’s Hospital, Zurich

Dr. med.
Lotfi Ben Mime

Minimally invasive approach

Minimally invasive approach for correction of a wide range of simple congen-
ital defects was pursued with very good results. Procedures such as ASD 
primum and secundum closure, mitral valve cleft closure, correction of partial 
anomalous right sided pulmonary venous connection, restrictive VSD closure, 
etc. are being performed using a right Axillary approach. The cosmetic, so- 
matic, structural and physiological outcome of this approach is excellent. The 
approach is sought after by the parents and referring physicians alike.



Ductal flow to perform aortic arch enlargement without cardiopulmonary bypass
The technique as illustrated in Fig 3 was aggressively pursued to perform 
complex aortic arch reconstructions in Ductus dependent lower body perfus-
ion neonates. Cardiopulmonary bypass and their side effects could be avoid- 
ed, with very gratifying structural and functional results (Fig 4). This work was 
presented at the annual meeting of the Society of thoracic surgeons in the 
USA in Jan – Feb 2011.

Fig 2. Cosmetic result after ASD clo-
sure through a right Axillary approach

Fig 3. A technique of performing com-
plex aortic arch reconstruction, while 
avoiding cardiopulmonary bypass in 
the neonatal period

Fig 4. Pre and Postoperative imaging 
in a patient subjected to aortic arch 
reconstruction without cardiopulmon-
ary bypass
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Influence of extra-pleural Thoracotomy approach in reducing formation of 
systemic to pulmonary artery collaterals in Univentricular hearts, was retro- 
spectively studied by comparing it with the collateral formation in patients who 
had undergone trans-pleural Thoracotomy. A dissertation examining various 
aspect of collateral formation was completed. In spite of the small numbers of 
patients (which could be included) there was a trend towards lesser collateral 
development with extrapleural approach. Attempts are on to objectively esti- 
mate collateral blood flow as derived by MR estimates of pulmonary arterial 
from pulmonary venous flow.

ICD implantation in children

Advantages of left heart pacing on long term ventricular synchronization are 
increasingly reported. We exclusively perform left heart pacing through a  
minimally invasive muscle sparing left axillary incision. This concept has been 
extended to implantation of intracardiac defibrillator in children. The pacing/
sensing electrodes are placed on the left atrial appendage and the left ventricle 
through a left Axillary incision. The coil electrode is placed extrapleurally on 
the posterior thoracic wall. With placement of the ICD device extra pericardial, 
prediaphragmatic through an epigastric incision, exposure of maximum ventri- 
cular myocardial mass to the shock vector is ensured. With this approach we 
expect a secure location of the device with excellent sensing of ventricular 
tachyarrhythmia and conversion with minimum electrical energy (Fig 5).

Fig 5 Technique of ICD implantation as a prophylaxis to ventricular tachy- 
arrhythmia induced sudden cardiac death.



Fig 6 Cantrell’s Syndrome (courtesy European Heart Journal)

Cantrell’s Syndrome

A neonate with Cantrell’s syndrome with subcutaneously lying contractile ex- 
tension of the left ventricular apex ending in a bullous extension under the 
umbilicus was successfully treated. This case was reported on the cover page 
of the European heart journal.

n Department of Biostatistics, Institute for Social and Preventive Medicine,  
 University of Zurich, Zurich, Switzerland
n International Childrens Heart Foundation, Russland, Sibirien, Kemerovo
n Biologisch Zentral Labor, University Hospital, Zurich, Switzerland
n European Association of CardioThoracic Surgery Congenital Database,  
 Warsaw, Poland
n Hannover initiated multicentric european tissue valve in pulmonary 
 position trial

Collaborations: 
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2.2 Visceral & Transplant Surgery Research

Prof. Dr. phil ll 
Rolf Graf

Prof. Dr. med.
Pierre-Alain Clavien

PD Dr. med. 
Yinghua Tian

2.2.1 Hepatobiliary & Transplant Surgery

The following projects have been worked on:
• Small-for-size syndrome 
• The role of p21 and Small-for-size syndrome 
• Remote ischemic preconditioning in the liver
• Assessment of hepatic steatosis
• Fasting and protective mechanisms of the liver 
• Aging and liver regeneration
• Serotonin in cholestatic livers

Small-for-size syndrome
After extended liver resection or partial liver transplantation, the capacity 
of the remnant liver may not suffice to support metabolism and concurrent 
regeneration. Subsequent liver failure may lead to a life-threatening situation. 
Experiments to prevent such a situation have been performed to better 
support the remnant liver. Serotonin is a hormone and growth factor that 
promotes liver regeneration. In this project, we could show that supplement-
ation of a serotonin receptor 2-B agonist could improve the function of small 
remnant livers and improve survival.

The role of p21 and small-for-size syndrome
Further studies on the small for size syndrome in the liver revealed that such 
remnant livers initiate the cell cycle. However, growth and proliferation was 
not observed, with very few mitotic figures, compared to viable remnant livers. 
We could show that p21, a cell cycle inhibitor, interfered with proliferation and 
prevented growth. Knock-out mice (p21-/-) had a much better liver function 
and growth.

Dr. med.
Ashraf Osman

Dr. med.
Kuno Lehmann

Dr. med. Andreas 
Rickenbacher

Dr. sc. nat.
Jae-Hwi Jang

Udo Ungethüm

Dr. sc. nat. 
Bostjan Humar

Dr. med.
Christian Oberkofler

Visceral & Transpl. 
Surgery Research

Hepatobiliary & 
Transplant Surgery

Liver Embolization

Pancreatitis Laboratory

Surgical Skill Center



Remote ischemic preconditioning in the liver
Organ protection from ischemic damage has been a long standing interest in 
our laboratory. Several approaches exist which are more or less successful 
and are used in the clinic. One fairly recent approach has been initiated by 
inducing repetitive ischemic cycles in a remote part of the body which releases 
signals that induce protection. In an experimental study we could show that 
repetitive interruption of blood flow in the femoral vein significantly improved 
hepatocellular damage in the liver after prolonged ischemia and reperfusion. 
Pilot studies implicated platelets as the source of factors that provided protec-
tive signals.

Assessment of hepatic steatosis
Outcome after liver surgery is dependent on a number of parameters including 
pre-existing disease, age, cholestasis and steatosis. The presence of liver fat 
is an important factor in decision making for liver resection or transplantation. 
The assessment of fat is still highly controversial and requires an invasive 
technique i.e. a needle biopsy. Diagnosis based on histological assessment 
is error prone also due to the limited tissue available. To improve diagnostics, 
non-invasive techniques e.g. CT and MRI have been established. These new 
technologies lack a standardization and validation. Therefore, we designed a 
series of standards (fat/liver mixtures) with which the MRI signals could verif-
ied. Both in animal and clinical MRIs a high fidelity could be obtained.

Fasting and protective mechanisms of the liver
Pre-operative preparation for surgery includes a period of overnight fasting to 
avoid aspiration of stomach contents under anaesthesia. Long term fasting 
or caloric restriction is also known to enhance well being and life span. To 
understand, whether fasting has a direct effect on surgical outcome, we used 
models of ischemia reperfusion injury and assessed hepatocellular damage 
with or without prior fasting. An overnight fast indeed improved the outcome of 
an ischemic intervention. Further studies now try to identify the mechanisms 
by which this protection is mediated. To this end we could show that histone 
deacetylases were actively contributing to this process.

Aging and liver regeneration
With the increasingly aging population, surgical interventions are more fre- 
quent in the elderly patient. Although the liver has the capacity to regenerate 
very efficiently, this ability is impaired in older patients. An experimental pro- 
ject on the aging liver revealed a strongly reduced fenestration of sinusoidal 
endothelial cells. This resulted in a reduced and delayed regeneration of the 
liver after a partial resection. Pre-treatment with a serotonin agonist reverted 
this pseudo-capillarization resulting in significantly increased number of fen-
estrae. Subsequent liver regeneration in such animals is strongly improved. 
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n Prof. Adriano Fontana, Experimentelle Immunologie
n Prof. Achim Weber, Institut für Pathologie

Collaborations/Sponsors: 

Dr. med.
Olivier de Rougemont

Machine perfusion: future trends
PD Dr. med Philipp Dutkowski, Dr. med. Olivier de Rougement

PD Dr. med.
Phillipp Dutkowski

With the increasing shortage of organs for transplantation, the use of marginal 
grafts is one way to avoid the rising number of patients on the waiting lists. 
Improvement and preservation of graft function has been attempted by machine 
perfusion systems for the liver, kidney and heart. We have developed a tech- 
nique to improve liver grafts from donors after cardiac death. Designing a 
machine that perfuses pig livers, we could demonstrate a significant functional 
improvement. With this proof of principle we intend to modify the machine for 
human use. 

Serotonin in cholestatic livers
Cholestasis is an important clinical condition affecting decisions concerning 
liver surgery. Understanding the mechanisms of cholestasis might help allev-
iate this harmful disease. In a model of bile duct ligation, we found an acute and 
a chronic response with increased bile acids in blood and elevated bilirubin. 
The acute response appears to depend on serotonin. The major targets of 
serotonin during cholestasis are renal bile acid transporters which lead to an 
accumulation of bile acids in circulation.



Dr. med.
Emmanuel Melloul

2.2.2 Reversible portal vein embolization for safer Liver surgery
 and Transplantation

 Dr. med. Emmanuel Melloul, Prof. Dr. med. Mickael Lesurtel

Preoperative portal vein embolization (PVE) is widely used before major 
hepatectomy for cancer to induce atrophy of the ipsilateral hemi-liver, where 
the tumor is located, and concomitant hypertrophy of the remnant liver. The 
goal is to prevent postoperative liver failure after removal of the tumor. PVE 
can be achieved by either permanent or absorbable agents, usually injected 
percutaneously. Permanent agents have been associated with several 
complications (migration of the embolized material in the contralateral lobe, 
extension of portal vein thrombosis, and “foreign body reaction” blunting the 
contralateral lobe proliferative response) while absorbable biomaterials may 
allow recanalization of the portal vein tributaries.  The later agent could also 
be applied in living related liver transplantation to increase the volume and 
function of the remnant liver, and thereby enhance safety of the donor sur-
gery. The aims of this project are (1) to develop a model of reversible PVE in 
mice, (2) to determine the recanalization time course after temporary PVE, 
(3) to determine the efficiency of temporary PVE to induce liver regeneration 
in rodents, and (4) to assess the functional recovery of embolized liver lobes 
after recanalization. These experiments are already approved by the cantonal 
veterinary office of Zurich and have already started.

In order to evaluate the morphological changes of the liver after PVE or par-
tial hepatectomy in the experiments, we started to develop a protocol of liver 
volumetry in a mice model, using a Magnetic Resonance scanner which has 
been recently installed in our facilities (Figure 1). Preliminary results of this 
study (Figure 2) show that MR imaging is as accurate as conventional expe-
riments (measurement of liver weight or volume after sacrifice of the animal) 
to assess liver volume, preventing then killing mice.

Prof. Dr. med.
Mickael Lesurtel

Figure 1A: MR scanner for small animals (4.7 Tesla) in our facilities
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Figure 1B: Liver volumetry in mice (in red is outlined the liver)

Figure 1C: Software dedicated to liver volumetry assessment

Figure 2: 
Mean liver volume mea-
sured on the MR scanner 
compared to liver weight 
and volume after sacrifice 
of mice.



2.2.3 Pancreatitis Research Laboratory
Pathophysiology of pancreatitis 
Dr. med. Sabrina Sonda, Dipl. phil. II Theresia Reding Graf, Martha Bain,
Prof. Dr. R. Graf 

The following projects are currently conducted in our laboratory:
 • Pancreatic regeneration
 • The role of serotonin on pancreatic inflammation
 • Inflammation induced metaplasia

Pancreatic regeneration
Surgical intervention in the pancreas due to cancer or severe inflammatory 
disease results in major tissue loss. Despite a limited regenerative potential of 
the pancreas, volume regeneration has not been observed. We are currently 
investigating cellular pathways that prevent the pancreas from volume replace- 
ment. Although cell cycle proteins are activated by  inflammation or tissue 
loss, concurrent phosphorylation of cell cyle inhibitors prevent completion 
of mitosis. Current experiments including knock-outs for cell cycle inhibitors 
demonstrate an improved regenerative activity. 

The role of serotonin on pancreatic inflammation
The neurotransmitter serotonin is involved in many signalling processes, 
including vasoactive control of blood flow, neuronal activities and other as yet 
undefined actions. We have noticed that serotonin affects the inflammatory 
response to tissue damage in the pancreas. It leads to an accumulation of 
zymogens and secretion into the interstitial space due to a block at the apical 
membrane. 
In chronic pancreatic inflammation, serotonin appears to be involved in the 
immune response, propagating the recruitment of inflammatory cells concurrent 
with the induction of regenerative processes.

Inflammation induced metaplasia
Acinar metaplasia is the first step in cellular changes affecting the parenchyma 
of the pancreas. Induced by inflammatory signal,  acinar cells loose their 
secretory contents and assume a duct like architecture. Acinar-to-duct meta-
plasia may lead to pancreatic intraepithelial neoplasia and possibly to cancer. 
We have used a transgenic model to investigate whether metaplasia can be 
accelerated by selective expression of cytokines in the pancreas. Indeed, 
Kras mediated metaplasia, inlcuding a complete loss of the acinar compart- 
ment, is strongly promoted by targeted expression of lymphotoxins.
Other topics

• PSP/reg as a marker of sepsis in patients after surgery
• Characterization of PSP/reg mediated islet cell regeneration in   
 MODY-patients 

Prof. Dr. phil. II
Rolf Graf

Dr. med.
Sabrina Sonda

Martha Bain MSc. Kamile
Grabliauskaite 

Dipl. phil. II
Theresia 
Reding Graf

n Dr. Mathias Heikenwälder, Institut für Neuropathologie, Universitätsspital Zürich
n Dr. Achim Weber, Institut für klinische Pathologie, Universitätsspital Zürich
n Dr. Caroline Bonner and Jochen Prehn, Royal College of Surgeons in  
 Ireland, Dublin, Ireland
n Walter Halangk, Klinik für Chirurgie Universitätsklinikum Magdeburg
n Dr. Max Bachem, Uniklinikum Ulm, Deutschland 

Collaborations/Sponsors: 
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Benchmarks for training curricula and video gaming.

Virtual reality devices are becoming the backbone for laparoscopic training 
in surgery. However, without known benchmarks indicating proficiency in the 
performed training tasks, these simulators cannot be used effectively. We  
conducted a study analyzing performances of 286 novice trainees with a  
total of 18’996 task performances for nine basic skill and four procedural task 
exercises1. Safety and accuracy parameters were set at a predefined level of 
95% correct execution. Learning curve analyses demonstrated performance 
plateaus after 10-15 repetitions (Figure 1). Using these data we were able to 
provide, for the first time, a proficiency based assessment template for basic 
laparoscopic training using the Simbionix LAP Mentor™. 

A basic virtual reality simulator training in collaboration with the lapcenter  
(www.lapcenter.ch) is now available and is integrated into surgical residency at 
the University Hospital Zurich.

In children, video game experience improves spatial performance, a predictor 
of surgical performance. We conducted a study together with the University 
of Lauanne.2 This study aimed at comparing laparoscopic virtual reality 
(VR) task performance of 32 children (8.4 to 12.1 years), 20 residents, and 
14 board-certified surgeons (total n = 66). All participants performed several  
virtual reality tasks and 2 conventional tasks (cube/spatial and pegboard/fine 
motor). Lowest VR performance was found in children with low video game 
experience, followed by those with high video game experience, residents, 
and board-certified surgeons. VR performance correlated well with the spatial 
test and moderately with the fine motor test. We concluded that the use of 
computer games can be considered not only as pure entertainment but may 
also contribute to the development of skills relevant for adequate performance 
in VR laparoscopic tasks. Spatial skills are relevant for VR laparoscopic task 
performance.

2.2.4 Surgical Skill Center

PD Dr. med. Dieter Hahnloser, Jérôme Gapany

Clin. Ass. Prof.
PD Dr. med. 
Dieter Hahnloser

Jérôme Gapany



Figure 1: 
Learning curves of parameters in procedural task 1. Bold line represents the 
line fitted best to the data (line fitting method of least squares), interrupted 
lines represent the standard error for each measurement. The circle indicates 
at which repetition the plateau performance (horizontal line) is reached as cal-
culated by the Dunnett's T3 correction.
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2.3 Trauma Surgery Research

PD Dr. med. 
C. Werner

Prof. Dr. med. 
Guido Wanner

2.3.1 Pathophysiology

As part of the first line of defense, the complement system plays an import-
ant role in fighting off invading microorganisms and clearance of pathogens. 
Besides direct microbial killing (membrane attack complex, MAC) and opsoni-
sation (C3b), powerful pro-inflammatory anaphylatoxins (C3a and C5a) are 
released upon complement activation. The complement cascade comprises 
more than 30 liver-derived plasma proteins that are activated in a sequential 
manner and plays an important role in various acute inflammatory conditions, 
including trauma and tissue injury. In pathogenesis of systemic inflammation 
and sepsis, C5a is known to play a crucial role. At high concentrations, C5a 
can have numerous harmful effects. The appearance of high C5a-levels in the 
blood indicates a loss in control of complement activation leading to a series 
of catastrophic events, which can induce a paralysis of innate immune func-
tions in phagocytic cells. However, the interactions between humoral and cell-
ular parts of the immune system are still incompletely understood. Previous 
studies suggested that complement proteins can also be synthesized by 
non-liver cells, such as renal tubular cells or astrocytes. In the present study, 
the capability of phagocytic cells (i.e. neutrophils, PMN) to produce central 
complement proteins (C3 and C5) and release their corresponding activation 
products (C3a and C5a) was investigated.
PMN were isolated from healthy donors and incubated in vitro with lipopoly- 
saccharide (LPS), TNF-alpha and IgG immune complexes (IgGIC). Expression 
of the complement protein C3 and C5 were analysed by western blotting as 
well as by real-time RT-PCR. Furthermore, the concentration of the comple- 
ment anaphylatoxins C3a and C5a were determined in supernatant fluids by 
ELISA.  

Capability of Neutrophils to Produce Components of the Complement 
System and Release Complement Activation Products 
Rittirsch D, Sprengel K, Härter L, Albers S, Werner CML, Simmen H-P, 
Wanner GA.
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In the presence of LPS or IgGIC, human PMN released C5a and C3a as func-
tion of time, peaking after 2 hr, whereas exposure to TNF-alpha resulted in an 
early release within 30 min. In PMN lysates, C3- and C5-mRNA was detect-
able by RT-PCR, indicating that PMN can synthesize complement proteins. 
In the case of C5, exposure to LPS did not alter the transcription rate, while 
the transcription of C3 was significantly unregulated. The release of C3a and 
C5a by PMN was found to be dependent on the receptors TLR4 and CD16 
and intracellular MAP kinase signaling pathways (p38, JNK I/II). 
In summary, these findings indicate that activated PMN are a source of the 
complement anaphylatoxins C3a and C5a in vitro and in vivo. This mecha-
nism of phagocyte-derived production and release of complement activation 
products implies a novel role for C3a and C5a as ‘cytokines’, which orches-
trate the immune response at the site of inflammation. Therefore, these data 
may help improve the understanding of the host response following trauma 
and inflammation.

Fig. 1. Detection of the complement protein C5 and 
its activation product C5a in lysates from PMN that 
were stimulated with lipopolysacharride (LPS) in vitro 
by Western blotting. ctrl = control. 

Fig. 2. RT-PCR analyses of PMN lysates that were 
incubated with lipopolysacharride (LPS) in vitro for 
mRNA-levels of the complement components C5 
and C3. ctrl = control. 

Major trauma is associated with tissue destruction, severe hemorrhage and 
shock, but also characterized by a massive inflammatory response, which - 
in the case of a loss of control - can cause additional harm to the host. The 
inflammatory response triggered by multiple injuries is highly complex and still 
inadequately understood. 
Within the inflammatory network, certain mediators have been described as 
‘central hubs’, including macrophage migration inhibitory factor (MIF), high 
mobility group box protein I (HMGB1) and the complement anaphylatoxin 
C5a, which are interconnected in a multi-directional manner.

Proteomic Profiling in Multi-System Injury  
Rittirsch D, Schoenborn V, Sprengel K, Härter L, Albers S, Werner CML, 
Simmen H-P, Wanner GA
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As the humoral part of the innate immune system, the complement system 
is thought to be activated during the early stages of inflammatory response, 
which can generate large amounts of the proinflammatory anaphylatoxin C5a. 
At high concentrations, C5a can induce numerous harmful effects, such as 
immunoparalysis, development of multi-organ failure or imbalances in the 
coagulation system. 
MIF is a pleiotropic protein that promotes a pro-inflammatory response by 
amplifying cytokine secretion of immune cells and links the immune response 
with the endocrine system by inhibiting the anti-inflammatory effects of endog-
enous glucocorticoids, which, in turn, induce MIF secretion.
As an interesting mechanism of action, HMGB1, which is located in the cel-
lular nucleus to function as a transcription factor, can be passively released by 
necrotic cells in terms of an ‘alarming’ that signals ‘danger’ to the host as well 
as actively secreted by immune cells to act as a pro-inflammatory cytokine.
In the present study, the inflammatory response in patients with multi-system 
trauma was evaluated by proteomic analyses, focusing on key mediators of 
inflammation. 
In addition to the ‘classical’ proinflammatory cytokines, such as interleukin-6 
(IL-6) and tumor necrosis factor alpha (TNF-alpha), plasma or serum, respec-
tively, from patients with multiple injury (injury severity score ISS > 16; n=20) 
were analyzed for MIF, HMGB1 and C5a at different time points after trauma 
(d0, d1, d2, d3, d5, d7, d10, d14, d21) by ELISA.
A total of 20 patients enrolled from 3/2010 to 12/2010 were analyzed so far 
(end of 2011) and compared to healthy volunteers (n=10). Levels of MIF and 
HMGB1 showed an early peak at the day of admission at the emergency 
department (d0), followed by a rapid decline at d1 and a second, but lower 
peak between d3 and d5. In the further course, MIF and HMGB1 concentra-
tions gradually declined to baseline levels. Interestingly, the maximum con-
centration of MIF and HGMB1 correlated with the severity of injury. Although 
the complement system is known to act as the first line of humoral defense, 
levels of C5a peaked between d7 and d10. Remarkably, C5a concentrations 
at d21 were more than 10-fold increased as compared to the control group.
In contrast to ‘classical’ proinflammatory cytokines, such as IL-6 and TNF-
alpha, the cell-derived mediators MIF and HMGB1 peak within the first hours 
after multisystem trauma. 
Furthermore, the peak concentration of HMGB1 and MIF seem to reflect the 
severity of injury. Thus, MIF and HMGB1 may represent promising diagnostic 
markers for assessment of the trauma-associated inflammatory response. 
In contrast, robust elevation of C5a, which is generated by plasmatic cas-
cades, occurs at later time points, which may be due to particular kinetics of 
its activation/degradation. In future, C5a, as well as MIF and HMGB1, may 
represent potential therapeutic targets in trauma in terms of ‘molecular dam-
age control’.



2.3.2 Osteology
Heterotopic Ossification

Heterotopic ossification (HO) is a problem widely encountered by orthopaedic 
and trauma surgeons.
HO may result in joint contracture, pain or even spasticity and neurovascular 
compression leading to significant disability.
Patients with high-grade ossification frequently necessitate reoperation 
thereby largely increasing the costs of treatment. This is why effective means 
of prevention are of great importance in a clinical setting.
The exact mechanism leading to HO formation is not completely understood. 
During bone growth, development and remodeling, angiogenesis as well 
as osteogenesis are closely associated processes, sharing some essential 
mediators ultimately leading to the replacement of avascular cartilaginous tis-
sue by highly vascularized bone. Hypoxic stress induces angiogenic stimula-
tors, which trigger stem cells to differentiate to chondrocytes with subsequent 
heterotopic bone formation. 
Current standard treatment modalities with NSAIDS and or radiation therapy 
may not completely prevent HO from forming and have drawbacks such as 
impaired fracture healing and implant ingrowths.
Our goal was to find a more effective and easily applicable therapeutically 
approach differing from the pre-existing attempts to prevent the occurrence 
of heterotopic ossification. We believe that hypoxia is the core in the develop-
ment of heterotopic ossification and therefore investigated the effect of inhib-
ited neovascularization of hypoxic tissue on the development of heterotopic 
ossification. 
A standardized animal model to produce heterotopic ossification by means of 
an Achilles tenotomy was chosen. All mice underwent bilateral Achilles ten-
don tenotomy and were divided into two groups: Control (n=10) and Imatinib 
(n=10). The control group underwent Achilles tenotomy only. The Imatinib 
group received Imatinib Mesylate orally by gavage once a day for a duration 
of six weeks. 
After 10 weeks the limbs were harvested and Micro CT was performed. 
Heterotopic bone volume was then identified in 3d images and statistical 
analysis was performed.
Heterotopic bone developed in 83% of all cases with bone volumes rang-
ing from 0.005-7.429mm3. The mean bone volume in the control group was 
0.976mm3 and 0.221mm3 in the Imatinib. A significant reduction could be 
found in the Imatinib group by 85% (p=0.028). However, the dosing still needs 
to be optimized. 
An important point for consideration is the effect of Imatinib on fracture heal-
ing, since the ultimate goal is to find a substance, which not only prevents HO 
development, but does not impede fracture healing. Future studies involving 
standardized fracture models will aim to investigate this matter.

New Approaches continued
Zimmermann, SJ; Würgler-Hauri, CC; Scheyerer, M; Simmen, H-P; Werner, CML.
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Figure 1: Typical location and component arrangement Imatinib group (this image 0.253mm3/mean volume 
0.221mm3)

Figure 2: Typical location and component arrangement for Control group (cumulative volume of this limb1.032mm3/ 
mean volume =0.974mm3)
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Human fat tissue has been found to be a suitable and easy source for stem 
cells, called adipose-derived stem cells (ADSC). With these ADSC we plan 
to develop an autologous bone graft for polytraumatized patients with critical 
size bone defects (see cooperation with the clinic of reconstructive surgery). 
Under normal cultivation conditions ADSC are grown and expanded in medium 
supplemented with 10% fetal calf serum (FCS). However, future use of ADSC 
in humans requires replacement of FCS by human serum or other non-bovine 
material. 
ADSC from different donors were cultivated for two weeks in 10%FCS, 10% 
serum from healthy donors or 10% serum from polytraumatized patients. Cells 
were harvested, counted and reseeded after one week and cultivated for another 
week under same conditions. After one week ADSC grew slightly better in 
normal human (138.5 ± 61.6%) than in patient serum (124.1 ± 61.0%, normal- 
ized to the FCS control 100%) Similar results were seen after two weeks 
cultivation. Therefore, ADSC grow equally well in 10% heterologous human 
serum as in 10% FCS. Future experiments will investigate differentiation of 
ADSC into osteoblasts and endothelial cells under these conditions.

Cultivation of Human Adipose-Derived Stem Cells in Human Serum
Härter L, Gao S, Hemmi S, Werner CML, Wanner GA, Simmen HP

Isolation of adipose-derived stem cells from human 
fat tissue. Excised fat is surgically dissected  
(upper panel), cut into small parts (middle) 
and then digested enzymatically (lower panel) 
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Metal implants are essential therapeutic tools for the treatment of bone frac-
tures and joint replacements. The metals and metal alloys used in contem-
porary orthopaedic and trauma surgery are well tolerated by the majority of 
patients. However, complications resulting from an increased osteolytic activity 
at the bone-implant interface (aseptic loosening) have been well documented. 
We demonstrated that human osteoclasts enhance corrosion of metal implant 
in vitro. This may contribute to the release of significant levels of metal ions 
into the peri-implant tissues and the systemic blood circulation. Additionally, 
we investigated the effects of the released ions on bone metabolism. Human 
monocytes and in vitro generated osteoclasts are able to incorporate metal 
ions (Fig.1).

Effects of Titanium Ions Released by Biocorrosion on Human Bone 
Metabolism 
Cadosch D, Filgueira L, Simmen HP

Figure 1: Multiphoton confocal fluorescence microscopy image (optical sections through the “nuclear level”) 
showing monocytes cultured for 21 days on glass (A) or titanium foil (B), as well as osteoclasts on glass (C) or 
on titanium foil (D & E). Note the staining of intracellular titanium complexes with Newport GreenTM DCF diace-
tate ester, detected only in osteoclasts cultured on titanium foil, in a granular and diffuse distribution throughout 
the cytoplasm, as well as in the heterochromatin of the nucleus (D & E; green color). Nuclei are stained in blue 
with DAPI. 
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Approximately 20% of human monocytes exposed to 1 µM Ti(IV) ions for ten 
days showed increased expression of tartrate-resistant acid phosphatase 
(TRAP). Detection and quantification of intracellular TRAP activity using ELF97 
as a fluorescent substrate revealed a significant increase of TRAP-positive 
cells in Ti(IV) treated monocytes. Additionally, as demonstrated on dentin 
slide cultures, Ti(IV) treated monocytes became functional bone resorbing 
cells, significantly increasing their osteo-resorptive activity to similar levels 
as osteoclasts in vitro. These results suggest that Ti(IV) ions released by 
biocorrosion from orthopaedic implants, induce differentiation of monocytes 
towards mature, functional osteoclasts, which may well contribute to the 
pathophysiological mechanisms of aseptic loosening. Additionally, human 
in vitro experiments have shown that Ti(IV) ions enhance the synthesis and 
secretion of CCL17/TARC (thymus and activation-regulated chemokine) and 
CCL22/MDC (macrophage-derived chemokine) in mature osteoclasts. Flow 
cytometry showed that Ti(IV) ions increased expression of CCR4, the cognate 
receptor for CCL17 and CCL22 in challenged osteoclast precursors. These 
results strongly suggest that Ti(IV) ions play also a role in the recruitment of 
osteoclast precursors to the bone-implant interface by increasing CCL17 and 
CCL22 expression and by up regulating their cognate receptor.
Take together these results strongly suggest the possible involvement of metal 
ions in the pathophysiological mechanisms of aseptic loosening in patients 
with metal implants (Fig. 2).

Figure 2: Postulated pathway involving Ti(IV) ions in the pathophysiological mechanisms of aseptic loosening 
(Pic. From Cadosch et al. 2010 J Biomed Mater Res A. 92(2):475-83)
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Surgery of displaced fractures of the proximal humerus is technically demand-
ing. A stable fixation can be very difficult to obtain.  To address the problem 
of insufficient screw anchorage, locking plate systems have been developed 
combining axial and angular stability with the advantage of higher resistance to 
failure. These fixation systems are able to stabilize fracture fragments without 
the need of friction between the plate and bone. However, especially if the 
bone stock is reduced by osteoporosis, failure to achieve stable fixation with 
medial support in proximal humeral fractures can result in varus malalignment 
and cut through of the proximal screws. 
The purpose of our group is to evaluate methods of medial support and their 
influence on the biomechanical properties of proximal humeral fractures sta-
bilized by angular stable plate. Several fixation techniques are tested using 
a testing set up recently established by our co-operation partners from the 
Institute for Biomechanics, ETH (Zürich), and the Laboratories for Orthopaedic 
Research, Balgrist (Zürich). 
So far, our results indicate that certain methods of adding medial support 
increase overall stiffness of the bone-implant construct. These techniques 
might be useful in the treatment of displaced proximal humeral fractures, espe-
cially when there is medial comminution.

Biomedical optimization of plate fixation in proximal humerus fractures 
Osterhoff, G; Ossendorf, C; Wanner GA; Simmen HP; Werner CML.

Fig. 1. Case (81y, f) Case of a pa-
tient with proximal humeral 2-part 
fracture that was treated with an 
angular stable plate (A). Six weeks 
postoperatively (B) varus malalign-
ment with consecutive cut out of 
the proximal screws (arrow) was 
observed. 
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Fig. 2 Biomechanical testing of a fracture model. Tensile forces of the individual muscles of the rotator cuff in 
shoulder abduction (45° and 60°) are simulated. 
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2.3.3 Biomechanics



The majority of multiple trauma related post-traumatic complications are asso-
ciated with the development of systemic inflammatory response syndrome 
(SIRS), sepsis and severe multiple organ dysfunction or -failure (MODS/MOF). 
Severe trauma results in a general inflammatory immune response represent-
ing an overall inflammatory reaction of the immune system which is depend-
ing of the injury severity, the initial treatment and of course, of the individual 
constitution and genetic background. However, there is little known about the 
functional alterations of the multiple pro- and anti-inflammatory mediators 
followed by severe trauma. Many of these mediators e.g. TNF-α, IL-1beta, 
IL-6, IL-8 are well known and described, but the complex mechanisms of their 
changes and their relation to each other in inflammatory response are still 
poorly understood. 
Treatment of patients with severe trauma is performed by two alternative 
approaches: In “Early total care” all necessary operations are carried out 
immediately, whereas in the “Damage control” concept the patient is stabilized 
first and final operations which might present a second stress/trauma for the 
patient are performed some days (4-7 days).
Notably the “window of opportunity”, the time between SIRS, the phase of 
overbalanced proinflammatory reaction, to CARS, the compensatory anti-
inflammatory response syndrome, if the anti-inflammatory reaction leads to 
immunosuppression, is interesting for trauma surgeons for planning definitive 
surgery, to diminish the “second hit” for the patient. Until today, no testing 
method to define this time point exists.
Since RNA is the biological messenger of protein acting for the above described 
mediators, gene expression analysis has the potential for clarification of similar 
mechanisms after severe trauma. Whole-Genome gene expression analysis 
offers the possibility to provide an insight into the complex mechanisms of the 
pro- and anti-inflammatory reaction followed by trauma. Specific patterns of up 
to 450 differentially expressed genes show the immunological condition of the 
patient prior to clinical, phenotypic CARS, SIRS or sepsis. Based on these pat-
terns identified by microarray analysis we plan to establish an RT-PCR-based 
test. These marker genes will be confirmed in an independent, prospectively 
collected patient cohort to assess feasibility of an RT-PCR-based diagnostic 
test derived from transcriptomic profiling.
A combined cross-sectional and longitudinal approach will enable us to test 
the hypothesis that multiplexed transcriptomic signatures allow an earlier 
diagnosis and risk prediction of SIRS related sepsis with better sensitivity and 
specificity, and enable us to define the optimal time point to open the “window 
of opportunity” at peak time.

Transcriptomic profiling in severely injured patients 
Schoenborn, V; Rittirsch, D; Günkel, S; Werner, CML; Simmen, H-P; Wanner, GA
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Gene expression profiling Workflow. RNA is collected in PAX gene tubes and 
after RNA purification and labeling analyzed on a Human HT-12 expression 
Bead chip. The generated heat map shows the RNA expression profile of 
one patient of seven different time points (columns). The rows show different 
expressions of the genes clustered by similar value of expression.

* Picture taken from www.illumina.com
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2.4 Cooperation Trauma Surgery and Plastic, Hand &   
 Reconstructive Surgery Research

Human fat tissue has been found to be a suitable and easy source for mesen-
chymal stem cells, called adipose-derived stem cells (ADSC). Under proper 
cultivation conditions, these cells can be differentiated into human osteo-
blasts, endothelial cells, chondrocytes and adipocytes. In our joint project: 
“Development of Bone Grafts using adipose-derived stem cells and different 
scaffolds” (Clin. Trials Gov ID NCT01218945) we plan to develop an auto-
logous bone graft from human ADSC and scaffold material for patients with 
critical size bone defects. 
Up to now, we have collected fat tissue from 20 different donors and have 
isolated the ADSC. In most cases the fat was excised surgically (n=18), in two 
cases fat-tissue was obtained by liposuction method. The amount of isolated 
fat tissue varied (mean: 124.8g ± 60g), as well as the amount of isolated 
cells (mean 51.9x106 ± 39.5x106) resulting in a mean number of 4.3x105 ± 
3.4x105 isolated ADSC per 100g fat tissue. Primary isolates from fat tissue 
were cultivated and expanded in D-MEM (high Glucose) medium until con-
fluency, passaged and analysed by immunhistochemical and flowcytometric 
(FACS) methods. Isolated cells exhibited a typical ADSC morphology (Fig. 1) 
and surface protein expression profile (Tab. 1). Growth rates over seven days 
varied between 1.5 and 6.4 times (mean 3.0±1.1 times) resulting in doubling 
times from 1.1 to 4.6 days (n=7). After passage 3 to 7 ADSC were subjected 
to differentiation into osteoblasts or endothelial cells by transferring cells into 
suitable differentiation medium. Over the following two to five weeks the cells 
were monitored for surface protein expression and RNA expression (Fig. 
2). Osteoblasts were also subjected to AlizarinRed and von Kossa staining. 
These differentiated cells are then used for cultivation on different scaffolds 
(see following report).

Isolation, Cultivation and Differentiation of Human Adipose-Derived 
Stem Cells (ADSC)
S. Gao, J. Buschmann, L. Härter, S. Hemmi, M. Welti, H.P. Simmen, P. Giovanoli,
M. Calcagni, G. Wanner
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Expression of surface antigen was measured in FACS after staining with 
PE-labeled antibodies. + = high expression, ++ increased expression, - reduced 
expression 
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Figure 1. Immunhistochemical staining of ADSC differentiated into Osteoblasts or endothelial cells.

ADSC were cultured in respective Osteoblast-differentiation medium for 
4week and then stained with antibodies against Osteocalcin-FITC (left) or 
RUNX-2-FITC (middle). ADSC cultured in endothelial differentiation medium 
were stained with antibody against CD31-PE (right). 

ADSC cultured in endothelial differentiation medium (A), or in normal medium 
(B) were harvested and RNA isolated. PCR was performed with respective 
with primers1 vWF, 2 VEGFR-1,3 Cadherin,4 Flt4,5 Jagged1,6 EphrinB2,7 
EphB4,8 Notch-1,9 Dll4,10 Ang2,11 Tie2,12 CD31,13Ang1,14Vezrf1, 15 Flk1, 
16 Flt1, 17gapdh. Positive bands were visualized after electrophoresis on an 
1%agarose gel stained with ethidium bromide under UV light. 100Bp ladder 
are shown on the left and right side.  

Figure 2. RNA expression in ADSC cultured with or without endothelial differentiation medium



Bone tissue engineering is a field of research where improvements are still 
welcome up to date. In this study, we used a recently developed electrospun 
scaffold consisting of PLGA and amorphous calcium phosphate nanoparticles 
(PLGA/aCaP) (Schneider et al. 2008; Hild et al. 2011) and seeded it with 
human Adipose-derived stem cells (ADSC) (for isolation of ADSC, see previ-
ous report). In Figure 1A, a SEM image of the scaffold material is shown and 
the aCaP nanoparticles can be seen well. The nanoparticles without PLGA 
can be seen in a TEM image (Figure 1B). Within one week, human ADSC 
grew well into the scaffold material and were evenly distributed over the whole 
scaffold width of ~ 200 µm as shown in a histological cross-section stained 
with Hemalaun-Sudan in Figure 1C. Human ADSC exposed to 50 µg mL-1 of 
cultivation medium have an osteocalcin expression after one week of cultiva-
tion, as depicted in Figure 1D (immunohistochemistry). 

Tissue Engineered Bone Grafts Based on Biomimetic Nanocomposite 
PLGA/Amorphous Calcium Phosphate Scaffold and Human Adipose-
Derived Stem Cells
J. Buschmann, L. Härter, S. Gao, S. Hemmi, M. Welti, N. Hild, O. Schneider,
W. Stark, N. Lindenblatt, C. Werner, G. Wanner, M. Calcagni

Figure 1: SEM image of PLGA/aCaP scaffold material (A) and TEM image of aCaP nanoparticles (B). In (C) 
the PLGA/aCaP material is stained red and the human ADSC are shown in blue (Hemalaun-Sudan staining). 
Immunohistochemistry of osteocalcin expression is shown in (D). Red arrows depict osteocalcin (green) and 
the cell nuclei are blue (DAPI staining).
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2.5 Plastic, Hand & Reconstructive Surgery Research
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Rabbits having one or both hind legs operated: Can we spare animals 
according to the 3R principle? A motion analysis.
J. Buschmann, A. Müller, F. Nicholls, R. Achermann, M. Calcagni, P. Giovanoli

While planning the experimental design for a new technique of repairing 
Achilles tendon ruptures in rabbits, we were forced to decide whether only 
one hind leg per rabbit could be operated while a second rabbit would act 
as a control - or whether both hind legs would meet our claims (one hind leg 
operated with a new technique; the other treated by a conventional suture 
serving as internal control). If the outcome is identical, the second way will 
be preferred because only half of the number of the rabbits is used (saving 
animals and costs). We refer to the theoretical framework of the 3R principle, 
originally proposed by Russell and Burch (Russell, W.M.S., Burch, R.L., 1959. 
The Principles of Humane Experimental Technique. Universities Federation 
for Animal Welfare Wheathampstead, England (reprinted in 1992)).

By 2D motion analysis during the 12 week post-op phase, rabbits with both, 
with one and with none hind legs operated are videotaped and maximum as 
well as minimum angles as a function of hopping length is determined. Three 
markers are set on the leg by black felt pen after shaving the corresponding 
spots. In Figure 1, maximum and minimum angles of eight selected rabbits 
are shown as a function of time.

2.5.1 Motion Analysis Laboratory 
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Figure 1: Maximum (coloured) and minimum (white) angles during motion analysis of eight rabbits before 
operation and during the healing phase until 12 weeks postoperatively. Rabbits having both hind legs 
operated (blue); one hind leg operated (green and violet) and no operation (red, reference). Key: Sutural 
= 4-strand Becker suture; DP = 4-strand Becker suture with additional polyesterurethane DegraPol®  
application; None = no treatment. (Figure by R. Achermann)

n Plastic, Hand & Reconstructive Surgery, University Hospital Zurich
n F. Nicholls, Biologisches Zentrallabor (BZL), University Hospital Zurich
n R. Achermann, Health Research
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Cellular response of healing tissue to DegraPol material implantation in 
rabbit Achilles tendon rupture repair: an in vivo histomorphometric study 
J. Buschmann, G. Meier-Bürgisser, E.Bonavoglia, P.Neuenschwander,
V. Milleret, P. Giovanoli, M. Calcagni

In (flexor) tendon rupture repair, there are still open problems up-to-date: 
adhesion and rupture in the early healing phase with a reoperation rate of 7 – 
15 % leading to increased work disability and costs. On the one hand side, the 
repaired tendons should have high primary repair strength for early active post-
operative motion, and on the other hand side, the repair site should be flat in 
order to allow the tendon to glide smoothly in the tendon sheath (Buschmann et 
al. 2011). According to Kuwata et al., optimum primary repair strength requires 
multi-strand locking loops and cross-stitch epitendinous sutures (Kuwata et al. 
2007). However, such repair techniques lead to bulging at the repair site and 
thus to adhesion during the healing process (Khanna et al. 2009). 

Considering these problems, a polymer device which bags the repaired tendon 
tightly and has a flat outer surface would probably help to reduce the adhesion 
caused by a rough and large primary cross-sectional area at the repair site. In 
addition, such a device may act as a potential carrier and be supplemented 
with bioactive substances (Ehrbar et al. 2007) or stem cells (Yao et al. 2011) 
in order to stimulate the healing process in situ.

As a consequence, we tested a potential carrier system which is able to do 
both; flatten the repair site and deliver growth factors, cytokines or other stimuli 
to the repair site. DegraPol® was tightly wrapped around transected and 
conventionally sutured rabbit Achilles tendons. We determined the cellular 
response 12 weeks post-operatively. Number and morphology of tenocytes, 
collagen structure and inflammation zones were explored on a histomorpho-
metric basis. The study is funded by the Hartmann-Müller Stiftung, the Fonds 
für Medizinische Forschung and the Wolfermann-Nägeli foundation.

2.5.2 Connective Tissue Healing 
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Figure 1: Analysis of inflammation. Left: Density of different cell types as a function of zone type in tissue at 
least 1 mm away from DP area (at the periphery of the reconstructed tissue). Averages of 5 FOV (200 x or 400 
x mag-nification) of one selected specimen (DP, 4-str, 1 OP); the other specimen having similar distributions. 
Key: HC = heterophiles, MP = macrophages, LC = lymphocytes, TB = tenoblasts and TC = tenocytes. Z1 = 
inflammation zone, Z2 = endotenon and Z3a = tendon tissue near inflammation zone.
Right: Density of different cell types as a function of zone type near or in DP area. Averages of 5 FOV (200 x or 
400 x magnification) of one selected specimen (DP, 4-str, 1 OP); the other specimen having similar distributions. 
Key: Z3b = tendon tissue near DP, Z4 = reactive zone at the margin of DP, Z5 = reactive zone at the boundary 
of DP, Z6 = reactive zone of cell immigration into DP, Z7 = DP area, Z8 = amorphous zone of DP.



Figure 2: Left: Zones Z1, Z2 and Z3a in a representative H&E stained longitudinal section (100 x magnification). 
Right: Zones Z3b to Z8 in a representative Picosirius Red stained histological cross-section (100 x magnifica-
tion). Partially degraded DP is white.
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2.5.3 Tissue Engineering

Figure 1: Schema of a) scaffold on CAM dripped with 
Gd-DTPA (green solution), b) scaffold on CAM where 
Gd-DTPA was applied i.v. and c) generally determined 
distribution of the i.v. applied Gd in the scaffold: high 
concentration at the interface to the CAM (dark green), 
medium concentration at the margin of the scaffold 
and lowest concentration in the center (light green); d) 
MR image of co-culture samples. The round object in 
the upper left corner is the reference tube.
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High field MRI analysis of pre-engineered capillary networks in bone 
grafts
Johanna Buschmann, Manfred Welti, Sonja Hemmi, Peter Neuenschwander, 
Christof Baltes, Pietro Giovanoli, Markus Rudin, Maurizio Calcagni

In this study, we determined the perfusion capacity of early bone forming 
grafts based on a polyesterurethane foam and seeded osteoblasts, endothe-
lial cells or a co-culture (control: no cell seeding) using MRI analysis after 
dripping Gd-DTPA on the scaffold (Figure 1a), after i.v. injection (Figure 
1b). A distribution with decreasing Gd concentration in the following order 
interface > margin > core was found (Figure 1c). A typical MR image is 
shown in Figure 1d. Longitudinal relaxation rates, R1, were determined. The 
co-culture system performed best with respect to perfusion (Figure 2.) This 
study has been published in Tissue Engineering Part A. 2010 Nov 9.: Three-
Dimensional Co-Cultures of Osteoblasts and Endothelial Cells in DegraPol 
Foam: Histological and High-Field Magnetic Resonance Imaging Analyses of 
Pre-Engineered Capillary Networks in Bone Grafts. 

Figure 2:  Relaxation rates R1 in s-1 for co-culture, 
control, OB culture and EC culture, measured in the 
centre of the scaffold. Key of the legend: on CAM i.v. 
means Gd was applied i.v.; in vitro dripped means in 
vitro samples were dripped with Gd; on CAM dripped 
means the on CAM samples were dripped with Gd; on 
CAM no Gd means the on CAM samples were not tre-
ated with Gd. Error bars indicate standard error of on 
CAM i.v. samples and on CAM no Gd samples (n = 2) 
and standard deviation of ROI (Region of interest set 
in MRI analysis) for in vitro dripped and on CAM drip-
ped (n = 1). One-way ANOVA was performed. Pairwise 
comparison probabilities, p, using the Fisher’s PLSD 
post hoc test were considered significant if p < 0.05.
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2.5.4 Microcirculation

Role of EPO in the microcirculation – EPO requires eNOS to counteract 
TNF-α induced microcirculatory dysfunction in murine striated muscle 
Claudio Contaldo, Nicole Lindenblatt, Dominik C. Högger, Meisam Khorrami 
Borozadi, Pietro Giovanoli 
Based on previous studies,  we now aimed to evaluate whether erythropoietin 
(EPO) treatment may exert non-hematopoietic endothelial protection against 
tumor necrosis factor alpha (TNF-α) induced microvascular inflammation 
and to determine the involvement of the nitric oxide (NO)-producing enzyme 
isoforms endothelial nitric oxide synthase (eNOS) and inducible nitric oxide 
synthase (iNOS). Murine dorsal skinfold chambers of wild type (wt) animals 
were topically stimulated with TNF-α after pre-treatment with epoietin beta 
(1,000 IU/kg body weight (BW), intraperitoneally (i.p.)) or physiological saline. 
Leukocyte behavior, microvascular perfusion and apoptosis were assessed 
by in vivo fluorescence microscopy. To study the involvement of NO, we 
compared eNOS deficient (eNOS-/-) and iNOS deficient (iNOS-/-) mice to 
wt animals. TNF-α associated leukocyte activation, perfusion failure, and 
apoptosis were substantially attenuated in EPO pre-treated wt mice, which 
was accompanied by marked reduction of perivascular infiltration with F4/80 
stained macrophages. The anti-inflammatory protective effects of EPO were 
abolished in eNOS-/-, but not in iNOS-/- mice, both with unaffected intercell- 
ular adhesion molecule 1 (ICAM-1) expression. However, the anti-apoptotic 
effect of EPO was maintained in both eNOS-/- and iNOS-/- mice, indicating 
that this mechanism might rather be independent of NO.
We conclude that EPO treatment elicits protection against TNF-α induced 
microcirculatory dysfunction, depending on NO derived from endothelial cells, 
but not on the inducible isoform.
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Visualisation of skin graft revascularisation a new B6/GFP in vivo mouse 
model – what can we learn from this for tissue engineering ?
PD Dr. med. Nicole Lindenblatt, Alicia Knapik, Dr. med. Maurizio Calcagni, 
Martina Althaus, Niels Hegland, Dr. med. Claudio Contaldo , Prof. Dr. med. 
Pietro Giovanoli

In the era of tissue-engineering the exact process of skin graft revasculariza-
tion still is unclear. The development of tissue-engineered skin substitutes 
has reanimated the discussion about graft revascularization. The aim of this 
project is to investigate the transformations within skin graft and wound bed 
in vivo and in vitro in order to gain applicable knowledge on how vascular 
development occurs. A better knowledge of the mechanisms of the taking 
of skin grafts and their acquisition of an adequate blood supply would open 
new perspectives in the manipulation of this process, e.g. by application 
of substances or materials, and equally facilitate the development of skin 
substitutes. For this purpose we developed a new in vivo mouse model, the 
modified dorsal skinfold chamber, allowing for the first time the simultaneous 
visualisation of the microcirculation wound bed and skin graft by intravital 
microscopy over a time period of two weeks (Fig. 1).  
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Additionally a crossover design between wildtype C57BL6J und trans-
genic GFP mice was established allowing for the tracking of GFP 
(green fluorescent protein) positive cells. By means of this the origina-
tion of cells and vascular structure during skin graft revascularization 
was intended to be identified. 
Angiogenesis in the wound bed was detected as early as after 24 hours. Graft 
reperfusion started after 24-72 hours. At 96 hours the formation of spherical pro- 
trusions was seen at the graft capillary divisions most likely representing a  
temporary angiogenic reaction (Fig. 2). The B6/GFP model confirmed the origin-
ation of these structures from the autochthonous graft vasculature. Additionally 
GFP-positive vessels were detected growing in from the wound bed and orien-
tating along the existing vascular structures of the graft. These in vivo data indi-
cate the connection of angiogenic bed vessels to the existing graft vasculature 
resulting in reperfusion of the graft (Fig. 3). In a next step we questioned which 
molecular and cellular mechanisms actually take place at the wound bed/graft 
interface. Therefore we performed additional in vitro experiments. Proteases like 
MMP (matrix metalloproteinases), ADAM (a disintegrin and metalloproteinase) 
and ADAMTS (a disintegrin and metalloproteinasewith thrombospondin motif) are 
zinc-containing endopeptidases produced by endothelial cells that are capable 
of degrading ECM proteins (Fig. 4). They are currently seen as crucial regulators 
of angiogenesis and have been found to be activated in capillary sprouts. In line 
with this immunohistochemistry at day 3 revealed the expression of MT1-MMP 
at the tip cells making these proteases a potentially important factor in vessel 
migration and eventually connection to the existing graft (Fig. 5). Further studies 
are ongoing. Additionally in vivo experiments combining the cross-over trans-
plantation in two fluorescent protein mouse lines are planned to better under-
stand vessel connection mechanisms (Fig. 6). Concludingly, these data indicate 
the connection of angiogenic bed vessels to the existing graft vasculature result 
ing in reperfusion of the graft. These novel findings support the theory that exist-
ing vascular structures within a tissue or construct may be necessary to facilitate 
vascularization.

Figure 1: Preparation of the modified dorsal skinfold chamber: From the front of the chamber (a) the muscular 
wound bed (panniculus carnosus) and the larger subcutaneuous vessels are visible and accessible to intravital 
microscopy. Simultaneously the microcirculation of the skin graft can be visualized in vivo in the back (b).

b

Modified dorsal skinfold chamber
Lindenblatt et al., Plast Reconstr Surg. 2008; 122: 1669-80.



Figure 4: MMP, ADAM and ADAMTS are zinc-containing endopeptidases produced by endothelial cells that 
arecapable of degrading ECM proteins. They are currently seen as crucial regulators of angiogenesis and have 
been found to be activated in capillary sprouts.

Figure 2: Time course of engraftment of full thickness 
skin grafts in the modified dorsal skinfold chamber: 
Angio-genesis in the wound bed can be detected as 
early as 24 hours post transplantation. Reperfusion 
of the graft vessels takes place at day 2-3 followed 
by a temporary angiogenic response of the graft 
capillaries from day 4 to day 7. Graft perfusion is 
complete after 5-10 days.

Figure 3: (a) Reperfusion of the B6 graft capillaries at day 4 after injection of rhodamine-dextran (MW 150000) 
and exposition to green light. (b) Evaluation under blue light reveals the presence of green-fluorescent cells 
within the reperfused graft capillaries suggesting the in-growth of cells from the GFP host bed into the B6 graft. 
(c) In the opposite case- GFP graft on B6 host- exposition to green light after injection of rhodamine-dextran 
reveals the formation of angiogenic structures of the graft vasculature. (d) Under blue light it can be seen that 
this angiogenic response originates from the autochtonous GFP graft vasculature. 

Results - Engraftment

Vessel origination in B6/GFP

Proteases
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Figure 5: First results of fluorescent immunohistochemical evaluation of the expression of matrix proteinases 
within the capillary sprouts during skin graft revascularization. On day 3 MT1-MMP is found to be expressed at 
the tip sprouts..

T1MT1--MMP MMP expressionexpression in in angiogenicangiogenic sprouts



Protein profiling in plasma proteins

Dr. med. Juliane C. Finke, Prof. Dr. rer. nat. Michael O. Glocker,
Dr. med. Maurizio Calcagni, Prof. Dr. med. Pietro Giovanoli

The proteome describes the equivalent of the genome at protein level. The 
proteome is the entirety of proteins of an organism, a cell or a body fluid at a 
specific time point under specific conditions. This pattern of proteins reflects the 
present metabolic status which is dependent on the genome, environmental 
factors, and complex interactions of biomolecules. 
Proteome analysis enables a profiling of all peptides and proteins in body fluids 
that is characteristic for specific conditions and diseases. 
The aim of our study is to generate plasma protein profiles in free flap transfer 
to investigate changes of protein profiles during ischemia and reperfusion 
according to the type of transplanted tissue. We want to investigate if the proteins 
profiles differ when skin, muscle or bone tissue is transplanted. Additionally we 
will investigate if the protein profiles correlate with the clinical development of 
the flap tissue to gain monitoring and prognostic factors for flap healing.
Currently, only clinical examination of the transplanted tissue (e.g. flow, turgor, 
temperature) gain information about the actual status of the flap. Neither reli-
able preclinical recognition nor effective prevention measures for partial or 
complete flap loss are available. The diagnostic criteria used for flap monitor-
ing are variable and inconsistent. 
To gain further insight in the qualification of protein profiles for flap monitor-
ing we study protein profiles during transfer of muscle flaps, fasciocutaneous 
flaps, and bone flaps. 
Three groups of free flap transfer were considered: muscle flaps (e.g. gracilis 
flap, latissimus dorsi flap, serratus anterior flap), fasciocutaneous flaps (e.g. 
radialis flap, antero lateral thigh flap), and bone flaps (fibula flap). Clinical 
measurements include the ischemia time, flap weight, length of bone (in fibula 
flaps) and the dimension of the skin island. 
As mentioned before, the plasma proteome is a very complex and dynamic 
system of proteins which is able to represent changes of environmental status 
comparatively fast on the one hand. On the other hand it is important to control 
these changes to be sure only to measure the protein changes caused by 
the environmental changes of demand. For this reason our exclusion criteria 
are very strict. Patients qualified for the study have to be between 30 and 60 
years old, with normal weight (BMI 20 – 25), non smokers, non diabetics, in 
no infect situation and of good health with no essential diseases beside the 
main diagnosis. The ideal patient is young, healthy and suffers from an open 
fracture which need to be covered by tissue transplantation.
Samples are provided by the Division of Oral and Cranio-Maxillofacial Surgery 
and by the Division of Plastic, Reconstructive Surgery and Hand of the 
University Hospital Zurich.
Blood samples are taken intraoperatively prior to arterial anastomosis (t1) 
from the arterial flap inflow and after arterial anastomosis (t2) from the venous 
flap outflow to investigate protein changes during time of ischemia and reper-
fusion in the flap tissue (see figure 1).

2.5.5 Protein profiling
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To date we collected eleven samples, four in muscle flaps, four in fascio-
cutaneous flaps, and three in osteocutaneous flaps. We will finish sampling in 
December 2011 to start multiplex analyses in 2012. For multiplex analysis we 
will use a multiplex protein analysis kit, which can quantify multiple proteins 
in one sample in an ELISA-principle. We will choose a profile which consists 
of different interleukins, interferon gamma, TNF alpha, and growth factors to 
represent the acute phase reaction.  

This study is based on a previous study of the principal investigator [1,2].
A specific plasma protein profile for the HELLP syndrome was generated 
involving protein areas that contain inter-alpha-trypsin inhibitor heavy chain 
H4, kininogen 1, fibrinogen gamma chain, transthyretin, haptoglobins, and 
serum amyloid A with statistically significant expression differences when 
compared to controls (see figure 2,3). The most striking difference was serum 
amyloid A (SAA) which was validated and quantitatively assayed by ELISA 
measurements against human SAA in plasma (see figure 4). Our results 
show that significant differences in SAA expressions between healthy controls 
and HELLP patients were obtained, that could function as a part of a marker 
set for the HELLP syndrome. 

Figure 1: Blood samples are taken intraoperatively prior to arterial anastomosis (t1) from the arterial flap inflow 
and after arterial anastomosis (t2) from the venous flap outflow to investigate protein changes during time of 
ischemia and reperfusion in the flap tissue.

Figure 2: Reference gel for HELLP that presents all identified protein spots and integrates all the changes of 
plasma protein abundances comparing HELLP patients prior to and after delivery. 2D gel (pH 4-7), stained with 
Colloidal Coomassie Blue. Boxes A-F show areas with protein expression differences (cf. figure 2).
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Figure 3: Gel areas A-F present differentially expressed proteins in plasma of HELLP patients as compared 
to controls. Protein spots with differential abundance are circled. Numbers are identical to those in figure 2.

(D)

(E)

(F)

HELLP non HELLP

(A)

(B)

(C)

Figure 4: Serum amyloid A ELISA data represented as 
box and whiskers plots. A significant (p < 0.001) increase 
of SAA levels was found in (I) the HELLP group (n = 
18 measurements) compared to the control groups 
of (II) postHELLP mothers (n = 14 measurements), 
(III) healthy pregnant women (n = 20 measure-
ments), and (IV) healthy mothers / postPregnant 
controls (n = 12 measurements). All readings were 
performed in duplicate. Boxes represent the 25th–
75th percentiles. The horizontal line within the boxes 
represents the 50th percentile. Whiskers represent 
the 5th and 95th percentiles. The small box represent 
the mean value. The min / max values are depicted 
as minus (-) signs and the 99th and 1st percentiles 
as crosses (x).

HELLP non HELLP
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2.6 Thoracic Surgery Research

2.6.1 Transplantation Immunology
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CD26 – Inhibition recruites regenerative stem cells via SDF-1 – CXCR4 axis
and improves ischemia-reperfusion injury in the mouse model of lung 
transplantation  
W. Jungraithmayr, I. De Meester, L. Baerts, L. Härter, V. Matheussen,
S. Arni, S. Korom, W. Weder 

Background
The CD26 antigen is a transmembrane glycoprotein that is constitutively ex-
pressed on activated lymphocytes and in pulmonary parenchyma. This molecule
possesses a catalytic domain (dipeptidyl peptidase IV, DPP4) that cleaves a host 
of key biologically active peptides. Here, we aimed to identify an important sub-
strate of CD26/DPP 4 – stromal cell-derived factor 1 (SDF-1) – which functions 
as a key modulator for stem cell homing together with its receptor CXCR4 in 
response to injury.
Methods
Orthotopic single lung transplantation (Tx) is performed between syngeneic 
C57BL/6 mice (WT). Inhibition of CD26/DPP 4 in recipients  was achieved us-
ing vildagliptin (10 mg/kg/day) sc. 6 hours ischemia time was applied to induce 
ischemia-reperfusion (I/R) prior to implantation. Histology, ELISA for SDF-1, 
and fluorescent activated cell sorting for its receptor CXCR4, and for markers 
of regenerative progenitor cells were assessed in Tx lungs upon inhibition of 
CD26/DPP IV.
Results
Compared to untreated Tx grafts, systemic CD26/DPP IV-inhibition of Tx grafts 
resulted in an increase of protein concentrations of SDF-1 in plasma (1347 vs. 
1176 pg/ml), lung (740 vs. 611 pg/mg) and spleen (1726 vs. 1545 pg/mg). Con-
cordantly, the fluorescence intensity of CXCR4 rose in blood circulation (46.9 
vs. 24.3) and in the lung (74.4 vs. 60.2) when compared to WT. Furthermore, 
CD34 and the regenerative stem cell marker c-kit showed an enhancement of 
fluorescent intensity in CD26/DPP IV-inhibited plasma and transplants compared 
to WT. Histology and immunohistochemistry of inhibited grafts revealed less 
recruitment of immune cells when compared to transplanted lungs alone. 
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SDF-1 (Stromal Derived Factor): recruites progenitor cells

Conclusions
We conclude that decreased degradation and enhancing of the SDF-1 – 
CXCR4 axis through CD26/DPP IV inhibition increased progenitor cells ca-
pable for recovering of the I/R lung injury. Stabilization of endogenous SDF-1 
is achievable and may be a promising strategy to intensify sequestration of 
regenerative stem cells thus emerging as a novel therapeutic concept.

SDF-1 (ELISA) in different experimental conditions in lung tissue
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The effect of low-dose continuous Erythropoietin Receptor Activator in 
an experimental model of Cyclosporine A induced renal injury  
C. Meerwein, S. Korom, S. Arni, I. Inci, W. Weder, W. Jungraithmayr 

Background
The use of Cyclosporine A (CsA) as rejection prophylaxis following organ 
transplantation is limited by its nephrotoxicity. CsA induces renal damage that 
is associated with tubulo-interstitial injury, the influx of macrophages (MΦ) and 
inflammation processes. Furthermore, pancreatic islet cells are a potential tar-
get of CsA injury, resulting in diabetes mellitus. The Erythropoiesis Stimulating 
Agent Continous Erythropoietin Receptor Activator (C.E.R.A.) was shown to 
excert protective and anti-inflammatory effects on CsA injured organ paren-
chyma. Here, we investigated the effect of C.E.R.A. at low dose in a model of 
CsA induced renal and pancreatic injury.

Methods
Male sprague dawley rats were exposed to medium-dose CsA for 28 days 
(10 mg/kg/day).  Low-dose C.E.R.A. (0.6μg) was given to the treatment group 
(n=6) once per week vs. a control group (n=6). The effect of C.E.R.A. on renal 
and pancreatic injury was analyzed by organ function, histology, immunohis-
tochemistry (CD68+-MΦ, insulin), enzyme-linked immunosorbent assay (TGF-
β1) and reverse transcriptase PCR (TGF-β1, Osteopontin, IL-10).

Results 
Renal damage was functionally achieved by the administration of 10 mg/
kg/day CsA. The administration of low dose C.E.R.A. induced an upregula-
tion of osteopontin with increased MΦ-infiltration and enhanced levels of the 
cytokines TGF-β1 and IL-10, when compared to controls. Moreover, C.E.R.A. 
treated animals showed a preservation of pancreatic islets that was accompa-
gnied by a mild amelioration of the glucose metabolism. 

Conclusions
On the base of CsA induced renal injury, we show that C.E.R.A. administration 
in low dose develops anti-inflammatory effects in renal tissue and preserves 
pancreatic islet cells. 



Figure 1: Immunohistochemistry for CD68; Haema-
to-xylin-eosin counterstaining of corresponding sec-
tions identified mononuclear cells as CD68-positive 
MΦ. CsA administration for 28 days led to increased 
MΦ infiltration in the C.E.R.A. (A) and the CTRL (B) 
group. Absolute numbers of CD68+ MΦ were higher 
in the C.E.R.A. group (C). MΦ, Macrophages.

Figure 2: Immunoperoxidase staining for insulin sho-
wed a stronger and more uniform staining throughout 
a large proportion of islets in the C.E.R.A. group. In 
contrast, we observed significant higher proportion of 
low-staining islets in the CTRL group. High-intensity 
staining for insulin in the CERA group (A) vs. low-
intensity staining for insulin in the control group (B). 
Compared to the CTRL group, the C.E.R.A. group 
showed a higher proportion of high- and medium-
staining islets and a significantly lower proportion of 
low-staining islets (C).

Reconditioning of category 3 non-heart beating donor lungs insulted 
to gastric aspiration: Utilization of ex vivo lung perfusion system
I. Inci, S. Hillinger, S. Arni, W. Jungraithmayr, B. Leskosek, and W. Weder

Objective
Investigate whether donor lung in category-3 NHBD which is insulted to 
gastric acid aspiration could be reconditioned in an ex vivo lung perfusion 
system with intratracheal surfactant instillation prior to transplantation.

Methods
Withdrawal of life support : 
Cardiac arrest was induced by de-connecting the animals from the ventila-
tor. Ten minutes of “no touch” period after cardiac arrest the animals was 
connected to the respirator and ventilated. Animals were heparinized (300 
IU/kg) before withdrawal of life support.
Induction of lung injury
Following connection to the respirator, intratracheal instillation of 1 ml/
kg Oroacid® (betaine HCl 400 mg+ Pepsin 100 mg mixture. 1 tablet  dis-
solved in 40 ml of saline- pH:1.5) was performed  by a flexible fiberoptic 
bronchoscope under direct vision into the left lung during the inspiratory 
phase of the respiration.  
After 60 min of warm ischemic period, the heart lung block was retrieved 
and stored at 4°C for 2 hours. The lungs then were reconditioned and 
tested in an ex vivo lung perfusion (EVLP) system.



70

Study protocol
In control group left lung transplantation was performed without any treat-
ment after EVLP. In surfactant treatment group the donor lungs were 
reconditioned with intratracheal diluted surfactant lavage just before start-
ing to ventilation in EVLP system. Then the lung transplantation was per-
formed. Observation period after transplant was 4 hours. 
Surfactant preparation: 
Surfactant protein B and C containing surfactant (Curosurf®) was diluted with 
saline at 37°C to a final concentration of 16 mg/ml. A volume of 2.5 ml/kg sur-
factant was used for lavage (40 mg/kg). Diluted surfactant was applied to the 
graft via flexible bronchoscope. 
Evaluation of the lung graft in EVLP system: 
Right lung was separated from the heart-lung block to assess only the left lung 
function.  Pulmonary artery pressure (PAP) and temperature of the oxygen-
ated inflowing perfusate were gradually increased. This is called warming up 
during reperfusion. PAP is increased following a strict protocol. During the first 
15 minutes of the reperfusion, PAP is kept between 5 and 10 mm Hg. Thereaf-
ter the pressure is increased with 1 mm Hg per minute and this to a maximum 
of 20 mm Hg at 25 minutes. Ventilation is started when the temperature of 
the effluent reached to 32°C. The oxygen flow (0.4 L/min) through the gas ex-
changer is switched at that moment to a mixture of CO2 (9%) and N2 (91%) to 
deoxygenate the perfusate. Tidal volume and positive end-expiratory pressure 
are slowly increased up to a minute ventilation of 1,9 L (approximate-ly 40% 
of the in-vivo minute volume) and 5 cm H2O, respectively, with a frequency
of 20 breaths per minute (FiO2 = 0.5). 
When PAP and the temperature of the lung reached 20 mmHg and 37,5 °C, 
respectively, functional assessment is performed during 10 minutes of period.
Graft parameters
Baseline hemodynamic measurements (heart rate, mean arterial pressure, 
mean pulmonary artery pressure, central venous pressure, cardiac output), 
blood gas analysis of arterial and mixed venous blood will be performed. FiO2, 
tidal volume, minute volume, PEEP and peak inspiratory pressure were record-
ed. One hour after reperfusion, the right lung will be excluded from ventilation 
and perfusion by occlusion of the earlier encircled right main bronchus and the 
right pulmonary arteries to assess graft function only. 

During the 4 hours of observation period hemodynamic measurements, blood 
gas analysis of arterial and mixed venous blood, were recorded every hour. 
Oxygenation was measured by means of PaO2/FiO2. Extravascular lung wat-
er index (EVLWI), a direct assessment of reperfusion edema, was measured.  
At the end of the experiment bronchoalveolar lavage was performed and lung 
tissue samples from the left upper lobe was immediately put in liquid nitrogen, 
and stored at -80°C for biochemical measurements (TNF alpha, IL-1 beta, IL-
6, IL-8, neutrophil elastase activity, myeloperoxidase activity).



Results
We were able to recondition a donor lung with surfactant instillation  which was 
insulted with acid aspiration in an ex vivo lung perfusion system. These donor 
lungs were than transplanted. We observed better oxyganation and lung water 
index in surfactant treated animals compared to controls (Figures 1 and 2). 
Histological and metabolic assessments are pending.

Conclusion
Due to our data it may be possible to recondition a damaged graft from a 
NHBD Category 3 in ex vivo lung perfusion system.

Figure 1. Analysis of variance (ANOVA) for repeated measures which consists of all measurements made during 
the reperfusion period for oxygenation did not differ between the groups (p>0.05). Oxygenation: Partial arterial 
oxygen pressure/Fraction of inspired oxygen (PaO2/FiO2 ratio).
Time points:  Baseline, Pre_Occl: 10 min. before occlusion of the right lung, T1: 1 h after occlusion of the right 
side, T2: 2 h after occlusion of the right side, T3: 3 h after occlusion of the right side. kPa=7.5 mmHg. CON: 
Control group, SURF: Surfactant group

Figure 2. Extravascular lung water index (EVLWI) was higher at all time points during the reperfusion for the CON 
group.  EVLWI,however was not sig-nificantly different between the groups. Time points:  Baseline, Pre_Occl: 
10 min. before occlusion of the right lung, T1: 1 h after occlusion of the right side, T2: 2 h after occlusion of the 
right side, T3: 3 h after occlusion of the right side. kPa=7.5 mmHg. CON: Control group, SURF: Surfactant group
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2.6.2 Oncology

Introduction
Lung cancer is the leading cause of all cancer related deaths and treatment 
is still suboptimal. Novel biomarkers with a reliable predictive significance 
which may additionally represent therapeutic targets are therefore of utmost 
importance. In biomarker discovery studies transcript or protein abundances 
are typically compared in normal versus disease states. However, crucial 
changes in enzymatic activities remain undetected. Based on the work of 
Prof. Cravatt and others, activity-based proteomics has become a promising 
option to circumvent this limitation. This study aims to establish a robust and 
high throughput activity-based proteomics platform and to investigate the role 
of serine hydrolase activity profiles as prognostic biomarkers in lung cancer.

Methods
A fluorophosphate derivate (CAS-Number: 353754-93-5) was used to 
covalently target serine hydrolases in proteomes derived from human lung 
adenocarcinoma biopsies and corresponding normal lung tissues (tumor cell 
content: >50%, TNM-stage: I-IV). Tagged proteins were subsequently affinity 
purified and analyzed using a directed mass spectrometry based approach 
(LTQ-FTMS, Thermo Finnigan). Data were qualitatively analyzed using the 
Mascot 2.2 search engine and Progenesis LC-MS version 2.5 (Nonlinear 
Dynamics) was employed for relative quantification.

Results and Discussion
The strategy described above results in the simultaneous qualitative and 
quantitative analysis of serine hydrolase activities in complex proteomes,
thereby representing a valid alternative to activity-based proteomics approach-
es described so far. The analysis of 40 pairs of fresh frozen malig-nant and 
corresponding normal lung tissues in combination with clinical follow-up data 
led to the identification of two biomarker candidates that have previously not 
been associated with lung cancer. Based on the results obtained in this study 
we conclude that activity-based proteomics represents a powerful strategy 
in the seek for novel biomarker candidates in human lung adenocarcinoma. 

Activity based proteomics: biomarker identification in human lung
adenocarcinoma
T. Wiedl, S. Arni, B. Roschitzki, J. Grossmann, A. Soltermann, S. Hillinger, 
R. Aebersold, W. Weder
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Serine hydrolase activity profiles in human lung adenocarcinoma. Color 
key heatmap: green = elevated activity in malignant versus matching non-
neoplastic tissue; red = decreased activity in malignant versus non-neoplastic 
tissue; black = no activity difference; blue = enzyme not detected (all values 
log2 transformed). Color key dendrogram: red = G3; grey = G2; black = G1 
(see section 3.2). Red stars indicate SH activities of prognostic biomarker 
candidates as described in section 3.3. Patient #35 was excluded from 
illustration since grading was not available. All IDs refer to the UniProtKB/
Swiss-Prot database.
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We produce murine myeloid dendritic cells (mDC) expressing both the murine 
chemokine CCL19 (mCCL19) and the murine cytokine IL7 (mIL7) after aden-
ovirus infection.  Our final goal is to inject therapeutically trans-formed mDC 
in tumour bearing mice to eradicate tumors. 
In the 2009 report we presented the preparation of five non pseudotyped 
adenoviruses type 5 expressing the mCCL19 and mIL7. The adenovirus con-
structions were detailed in the Doctoral thesis of Dr Monica de Santis for the 
titel of Doctor medicinae designatus.  We also reported an infection protocol 
for mDC with high titer adenoviruses and a chemotaxis bioassay to ascertain 
that infected mDC are producing a bioactive chemokine. 
In this report we present the bioassay to ascertain that mDC infected by the 
Adeasy-CMV-mIL7-IRES-GFP are producing bioactive mIL7 cytokine (Figure 1).

Immunotherapy for lung cancer 
S. Hillinger, S. Arni 

Figure 1: Conditioned supernatants obtained after adenoviruses infection of A549 cells were tested for the 
proliferation of an IL7-dependant cell line 5.7 µlow in the presence of BrDU.

We show that the IL7 dependant murine cell line 5.7 µlow proliferate only 
when murine IL7 proteins (recombinant or produced by adenovirus infected 
cells) are present in the culture media. Cell culture conditioned media were 
obtained after infection of A549 cells with either Adeasy-CMV-mCCL19-IRES-
GFP, Adeasy-CMV-mIL7-IRES-GFP or Adeasy-CMV-IRES-GFP. Positive con-
trol used was RPMI 1640 + 10 % FBS media (RPMI10) containing 10 ng/
mL recombinant murine IL7. After 5 days at 37°C, cells were chased for 24 h 
with 100 uL BrdU solution in RPMI10 and incorporation of BrdU into cells was 
measured with a cell proliferation enzyme- linked immunosorbent colorimetric 
assay system. With this bioassay we successfully tested the bioactivity of the 
IL7 produced by adenovirus infected cells. 



We started our experiments with the therapeutical protocol in tumour bearing 
mice (Figure 2).

Five days before therapeutical treatment, C57BL/6 mice were orthotopically 
injected in their right lung with 500 of the mouse 3LL cancer cells (mouse lung 
adenocarcinoma). At day 5, mice of the treated group received 0.5X106 mDC 
expressing mCCL19-GFP and 0.5X106 mDC expressing mIL7-GFP, whereas 
mice of the control group received 1X106 mDC expressing the GFP protein. 
The mDC in both groups of tumour bearing mice were injected in the right axil-
lary lymph node area. 
This treatment was repeated twice at day 10 and 15. We monitored the de-
creased cachexia in the treated group versus the control. In parallel, some 
aliquots of the therapeutical mDC were maintained in cell culture and the ex-
pression of mCCL19 and mIL7 in supernatant was determined at 24h and 
144h with specific ELISA kits.
In conclusion, we observed only a limited effect of the therapeutical treatment 
on our tumour bearing mice versus the control group. We are now optimizing 
the amount of mCCL19 and mIL7 protein produced in tumour bearing mice. 
We will both improve the amount of therapeutical mCCL19 and mIL7 released 
by mDC and increase the number of mDC-IL-7-GFP and mDC-CCL19-GFP 
injected into tumour bearing mice.

Figure 2: Pilot experiment with 3 animals per group. Three batches of therapeutical mDCs were injected in 
tumour bearing mice. Left) Amount of mCCL19 and mIL7 proteins produced by adenovirus infected mDC at 24h 
and 144h post infection. Right) Cachexia monitoring in control or treated tumour bearing mice.

n Prof. S.M. Dubinett, Director of the UCLA Lung Cancer Program, Dr. S.Sharma,
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Locoregional tumor recurrence is a frequent problem in during the treatment of 
malignant pleural mesothelioma even after a multimodal approach. Localized 
intracavitary chemotherapy holds promise enhancing local tumor control but has 
a risk of systemic toxicity if used as solution. Over the last years, we investigated 
in small animal models the effectiveness of a fibrin sealant used as a carrier for 
cisplatin application into the chest cavity; first of all in a small animal rat model in 
which pharmacokinetic advantages as well as antioneoplastic activity of cisplatin- 
fibrin were proven. For the study on the antineoplastic effect on mesothelioma re-
currence, the first local mesothelioma recurrence model was established by our 
group. Recently, we further refined this model in order to perform non-invasive 
therapy response monitoring in the animal by bioluminescence. Onset as well 
as the extent of mesothelioma recurrence can now be monitored reliably with 
the help of this tool as we could demonstrate that intensity of the bioluminescent 
signal correlates to tumor volume. Lately, we performed a preclinical large scale 
animal study demonstrating cytotoxic cisplatin concentrations in the chest wall 
after intracavitary cisplatin-fibrin application over 5 days while systemic serum 
concentrations of cisplatin are remarkably reduced in comparison to intracavitary 
cisplatin-solution. 
Outlook: These results of our experimental studies will be the basis for a clinical 
phase-I-study.

Malignant Pleural Mesothelioma –intracavitary therapy after surgery
Isabelle Opitz, Barbara Erne, Demirbas S, Jetter A, Seifert B, Shi Y, 
Hollenstein A, Felley-Bosco E, Fraefel C, Ackermann M, Soltermann A, 
Pruschy M, Stahel R, Weder W.

In order to understand whether chemoresistant cells with self-renewal capacity 
are present in malignant pleural mesothelioma (MPM), DyeCycleViolet was 
used to set up the side population (SP) functional assay aimed at identifying sub-
populations of (MPM) tumor cells with chemoresistance phenotype associated 
with ABCG2 transporter activity. Self-renewal, chemoresistance and tumor- 
igenicity were tested for SP and non-SP (NSP) cells. We identified SP cells with 
self-renewal properties and increased chemoresistance in MPM cell lines and 
tumor derived primary cell cultures. Compared to the non-SP fraction (NSP), the 
SP fraction led to the development of tumors including cells with mesothelium 
precursor phenotype characterized by mesenchymal morphology, being WT1 
negative but cytoplasmic D2-40 positive, and having a tendency of increased  
tumorigenicity. The same phenotypic shift was observed in patients with relapsing 
tumors after chemotherapy. Furthermore the SP cells were enriched in CD105 
-/low expressing cells which were small sized and had increased tumorigenicity 
compared to CD105 high cells. 

Pleural mesothelioma side populations have a precursor phenotype 
and are similar to patient’s relapses
Claudia Frei, Isabelle Opitz, Alex Soltermann, Bruno Fischer, Ubiratan Moura,
Hubert Rehrauer, Walter Weder, Rolf Stahel and Emanuela Felley-Bosco
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Taken together our results support the hypothesis that MPM CD105-/
low,chemo-resistant, small sized SP cells may constitute the cellular pool out 
of which recurrence develops. Further characterization of mechanisms of  
chemo-resistance and self-renewal should lead to targets specific for this sub-
population in MPM patients.

Beside our experimental studies we perform translational research in collab- 
oration with the Laboratory of Molecular Oncology, Department of Oncology (PD 
Dr. E. Felley-Bosco, Prof. Dr. R. Stahel) and the Institute of Pathology (Dr. A. 
Soltermann, Prof. Dr. H. Moch) within the recently founded TOP (Thoracic Oncology 
Platform). As a leading centre of MPM treatment in Switzerland with international 
recognition, we see a substantial part of mesothelioma patients from Switzerland 
but also from abroad. We established a prospective database including all mes-
othelioma patients being hospitalized in the Department of Oncology or Division of 
Thoracic Surgery of University Hospital Zurich between 1999 until now including 
detailed clinical and pathological data. On the basis of these data, clinical research 
is performed concerning short- and longterm outcome as well as the response to 
chemotherapy by means of volumetry. This database in conjunction with a tumor-
bank is unique not only for its degree of detail but also for its extent containing the 
largest number of patients treated within the treatment concept of induction chemo- 
therapy followed by surgery in one single centre . For this reason we were asked 
last year to participate in collaborative projects with several centres in Europe and 
in the USA and we currently supply data for a new staging project for MPM of the 
IASLC (International Association for the Study of Lung Cancer). In addition pre- 
and post-chemotherapy biopsies are assembled on a tissue microarray (TMA) in 
collaboration with the Institute of Pathology. 

Prognostic Marker for Malignant Pleural Mesothelioma
Isabelle Opitz , Walter Weder
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2.7 Urological Research

2.7.1 Oncology

Expression of maturation signature for VEGFR-3+,CD31+,LYVE+ endothelial 
cells (LECs) in high grade bladder cancer environment 
Cédric Poyet MD, Linto Thomas, Irina Banzola PhD, Giovanni Sais, Tullio Sulser
Maurizio Provenzano MD, PhD

Introduction
Lymph-angiogenesis has been seen to play a role in the promotion of tumor 
spreading in different tumor models and that tumor-induced lymph-angio-
genesis promotes lymph-nodes metastasis generally associated with poor 
survival. Several lymph-angiogenic genes have been found to have a central 
role for lymphatic vessel development, migration potential (PDPN, LYVE-
1, PROX-1, Ang-2) and maturation of lymphatic vasculature (SLP-76, Syk, 
EphrinB2, Foxc2). Their modulation through Vascular Endothelial Growth 
Factors (VEGFs) targeting VEGFR-3 signaling pathway in lymphatic endothe-
lial cells (LECs) might be a signature for the role of VEGFs/VEGFR-3 axis in 
the regulation of the lymphatic vessels growth. We have analyzed LEC gene 
expression in a bladder cancer microenvironment and correlated it with the 
potential aggressiveness of the disease.
Methods
Four cell lines featuring grade I (HTB-2), grade II (HTB-9), grade III (HTB-4 or 
T-24) bladder cancer and Uro-Tsa representing normal urothelium were used. 
VEGFR-3+,CD31+,LYVE+ lymphatic endothelial cells (LECs) were derived 
from foreskin of healthy subjects. After co-culturing each bladder cancer cell 
line with LECs for 24-hour, cells were harvested, total RNA was extracted 
and gene expression of lymph-angiogenic factors was performed by qrt-PCR 
in harvested LECs. Either instant Elisa or Western-blot was carried out for 
VEGFs protein analysis in co-culture supernatants or VEGFs protein produc-
tion from harvested bladder cancer cells.
Results
The modulation 2-fold over the baseline (gene modulation by culturing LECs 
over time up to 48 hours without stimuli) of three relevant LECs genes (SLP-76, 
Ang-2 and PDPN) was found upon co-culturing LECs with bladder cancer cell 
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(but Ang-2 upon HTB-9 co-culture), with a relevant over-expression of SLP-
76 (>20-fold) in the LECs-HTB-9 co-culture, while it was almost negligible in 
LECs co-cultured with Uro-Tsa cells. PDPN was slightly expressed only in 
LECs-HTB-2 co-culture. In addition, the overall LECs gene modulation fully 
reflected what obtained upon direct VEGFs stimulation (except for Fox-2) and 
directly correlated with tumor grade of cells lines.

A) LEC cell gene modulation upon co-culture with bladder cancer cells or 
B) upon direct VEGFs stimulation 

The analysis of protein release in supernatants of tumor cells lines after 
co-culture confirmed what found at gene level, with a strong production of 
VEGF-C from HTB-9 followed by T-24 cell line. Production of VEGF-A was 
only reported for HTB-2 cells.  
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VEGFs gene expression and protein production from bladder cancer cell lines

Conclusion
Our preliminary data show that LECs differentiation, maturation or migration 
seem to be strongly influenced by VEGF-C production and activity in bladder 
cancer and that these LEC features correlate with the grading of the bladder 
cancer cell lines tested. Thus, VEGF-C-driven up-regulation of genes respon-
sible for LEC activity point out the possible prevalent role of tumor secreted 
VEGF-C in bladder cancer. In addition, the role of VEGF-A in low grade blad-
der cancer has to be fully defined yet.



Introduction
The role of polyomavirus BK (BKV) large tumor antigen (L-Tag) as target of 
tumor immune surveillance in prostate cancer (PCa) patients has not been in-
vestigated so far. We thus analyzed the immunological profile exerted by L-Tag 
peptide-specific induction in newly diagnosed PCa patients, as compared to 
age-matched benign prostatic hyperplasia (BPH) patients, in relation to BKV 
L-Tag serology and urine molecular testing. We proposed here a comprehen-
sive analysis of CTL response against BKV large T antigen-related epitopes in 
BKV-seropositive patients bearing prostate preneoplastic or neoplastic lesions 
irrespective of their HLA typing. We thus attempted the identification and char-
acterization of antigen-specific immune responses against BKV L-Tag-peptides 
in either CD4+ or CD8+ T cells comparing functional features of peptide-ex-
panded T cells in BKV seropositive PCa patients, aged-matched BPH, gender-
matched healthy donors. Similarly, we investigated the efficiency of BKV L-Tag 
peptide-stimulated T cells to exert a cytotoxic activity against peptide-pulsed 
target cells across a wide range of HLA class I and II antigens.

Methods
Eleven 15mer candidate immunodominant peptides within BKV Large T antigen 
were in silico predicted by employing different algorithms (Epitope Database and 
Analysis Resource (IEDB), SYFPEITHI, Bimas and NetMHCIIpan Database). 

Comprehensive characterization of BKV Large T antigen epitopes to 
promote the expansion of effectors T lymphocytes across a wide range 
of HLA class I and II antigens in prostate cancer patients
Sais G, Anzivino E, Banzola I, Sulser T, Provenzano M

Candidate immunodominant 
peptides within L-Tag sequence
and their HLA class I and II 
associations
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A total of 16 PCa patients, 10 BPH patients and 10 HDs were enrolled in the study 
upon inform consent. A complete high resolution HLA class I and II genotyping was 
performed by sequence-specific PCR using genomic DNA of the subjects of the 
study. HLA specificities for class I alleles, loci A and B, and for class II alleles, lo-
cus DRB were considered. Blood serum of both group of patients and donors was 
tested for BKV L-Tag specific antibodies against virus-like particles. BKV L-Tag IgG 
seroprevalence was 81.25% (13 out of 16) for PCa patients, 90% (9 of 10) for BPH 
patients and 80% (8 of 10) for HDs. We also tested BK viral load in urine (viruria) and 
in serum (viremia) of same individuals by using real-time polymerase chain reaction 
targeting L-Tag. Asymptomatic BK viruria was observed in one PCa patient (6.7%; 
Pca-9: 560 copies/ml), whereas it was absent in BPH patients. Urines from HDs 
were not available. No detection of BK viremia was reported in all patients tested.

Freshly isolated PBMCs from all patients and donors were 4-hour ex vivo sti-
mulated with the selected eleven L-Tag peptides, Phytohaemagglutinine (PHA), 
Cytomegalovirus/Epstein-Barr/Flu peptide-pool (CEF) and the non-viral specific 
Tetanus toxin universal T cell epitope (P2tt830-843). As control reference, stimula-
tion with HIV peptide-pool (con B gag motif) was carried out. Transcript produc-
tions of relevant pro-inflammatory (IFN-γ, TNF-α) and regulatory (IL-10, TGF-
β1) cytokine were thus compared among groups of patients and healthy donors.

HLA typing; BKV L-Tag serology, viruria and viremia among patients and donors



6 PCa patients and 2 HDs were 2-week peptide in vitro expanded with a 
mini-pool consisting of BK1 L-Tag27-41, BK4 L-Tag172-185, BK6 L-Tag212-226 and 
BK10 L-Tag531-545 (hereafter referred as pL-Tag). Cytokines production was 
then analyzed according to phenotypic characteristics. We considered as 
positive response any pL-Tag-induced cytokine production (IFN-γ and IL-2) 
exceeding 3-fold the background (2-week in vitro expansion with pL-Tag and 
re-challenging with control pool HIV). We then generated clones from single 
IFN-γ secreting T-cell out of those 2-week peptide-pulsed and evaluated their 
capability of exerting cytolytic activity on peptide-pulsed autologous DCs. As 
negative controls we used HCMV pp65340-355 and HCMV pp65495-503 for CD4+ 
and CD8+ T-cell specificity, respectively.

Results
Four peptides out of the eleven predicted to be immunogenic (BK1 L-Tag27-41; 
BK4 L-Tag172-185; BK6 L-Tag212-226; BK10 L-Tag531-545) induced a significant 
pro-inflammatory immune response (IFN-γ and TNF-α gene expression) in 
almost 50% of BKV seropositive PCa patients (BK1 L-Tag27-41: 45%, mean 4 ± 
5.7, median 1.8 folds; BK4 L-Tag172-185: 54%, mean 2.2 ±1.5, median 2 folds; 
BK6 L-Tag212-226: 54%, mean 4.4 ± 6.7, median 2.3 folds; BK10 L-Tag531-545: 
44%, mean 3.4 ± 3.8, median 1.8 folds) and in almost 70% of gender-matched 
HDs (mean 66.75%; range 55-78%).

Pro-inflammatory cytokine gene expression in PBMCs from BKV seropositive 
subjects upon stimulation with each of the 11 BKV L-Tag peptides

No significant concomitant induction of regulatory cytokines (IL-10 and TGF-
β1) was detected (PCa patients: BK1 L-Tag27-41: 23%, mean 1.5 ± 1, median 1 
folds; BK4 L-Tag172-185: 20%, mean 1.4 ± 0.8, median 1 folds; BK6 L-Tag212-226: 
12%, mean 1.8 ± 4.4, median 1 folds; BK10 L-Tag531-545: 10%, mean 1.9 ± 3.7, 
median 1 folds). Similar data, although at lesser extent, were obtained in BPH 
patients (pro-inflammatory: mean 40%; range 35-45%; regulatory: mean 20%; 
range 15-25%; data not shown). 
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Immune regulatory cytokine gene expression in PBMCs from BKV seropositive 
subjects upon stimulation with each of the 11 BKV L-Tag peptides

Eight subjects (2 HDs and 6 PCa) out of those in vitro sensitized (n=8), 
showed responsive pL-Tag-specific CD4+ T cells (as defined by IFN-γ 
production), whereas only 5/8 (1 HD and 4 PCa patients) showed specific 
IFN-γ-producing CD8+ T cells. Percentage of IFN-γ-producing CD4+ T cells 
ranged from 0.8 to 8.6% (mean 3.1±2.5%, median 2.6%). The reactivation of 
CD8+ was less relevant, indeed a range from 0.54 to 1.44% (mean 1.1±0.4%, 
median 1.2%) was observed.

A B

In this specific setting, both pL-Tag-expanded IFN-γ producing CD8+ and 
CD4+ T cells showed a significant increase in surface mobilization of CD107a, 
as compared to IFN-γ negative peptide-stimulated counterparts and in 
accordance to significant degranulation following mitogenic (PHA) stimulation. 

CD4+ and CD8+ T cells specific responses to pL-Tag stimulation



Functional and phenotypic characterization of pL-Tag induced CD4+ T cells

Functional and phenotypic characterization of pL-Tag induced CD8+ T cells

Given the decisive role of helper T cells in the optimal expansion of CTLs, we 
also assayed the ability of pL-Tag to induce and expand CD4+ IL-2 producing 
T cells. As expected, all batches of pL-Tag-treated cells were IL-2 producing 
CD4+ T cells with the peculiar helper phenotype (CD25+ CD69+). 
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CD107a expression on pL-Tag induced IFN-γ+ CD4+ and CD8+ T cells

Three clones out of the four generated (CD4/BK6 L-Tag212-226/HD-GS, CD4/
BK1 L-Tag27-41/Pca-196, and CD8/BK4 L-Tag172-185/Pca-196) showed specific 
cytotoxicity with a delta specific lysis (ΔSL) >40% at 10:1 ratio, whilst CD4/BK10 
L-Tag531-545/PCa-223 at 10:1 ratio did not reach 20%. In addition, T-cell clones 
were also analyzed for the expression of genes encoding effector molecules 
expressed by cytotoxic T cells. Three CTLs mediated cytotoxic mechanism 
were considered: exocytosis of lytic proteins (perforin, granzymes), receptor-
ligand binding (Fas-L) and TNF-α mediated cytolysis/apoptosis.
Significant expression of factors such as granula-dependent (perforine and 
granzyme) and receptor-mediated cytotoxic effectors molecules were report-
ed. In conclusion, we could detect significant expression of PD-1 in none of 
the T-cell clones analyzed, thus confirming their potential to retain functional 
cytotoxic activity. 



L-Tag peptides-specific T-cell clones recognize peptide-pulsed autologous 
dendritic cells and exert cytotoxicity

Conclusion
We addressed the question whether BKV large T antigen could be a relevant 
target for a competent immune surveillance in prostate cancer. The four select-
ed peptide were able to exert a specific immune response thus confirming the 
ability of BKV L-Tag peptides to specifically recall an immune cellular response 
in BKV seropositive individuals. Owing to the up regulation of constitutive 
immune regulatory activity in PCa patients, a systemic boosting of prostate 
cancer patients using immunogenic domains within BKV L-Tag antigen would 
implement an effector T cell activity favoring an active immune surveillance



88

Introduction
Although immunotherapy and chemotherapy are the most commonly used 
intravesical treatments for non-muscle-invasive bladder cancer (NMIBC), pro-
gression and recurrence rates are high. So far, several attempts have been 
done to hire a safer and more efficient treatment. Psoralen (a photo reac-
tive chemical substance) metabolites followed by Ultra Violet A (UVA) irradia-
tion (PUVA) have been previously used to treat cutaneous T-cell lymphoma, 
chronic graft-versus-host disease, and psoriasis. UVA radiation forms cova-
lent bonds between psoralen molecule and pyrimidine bases of DNA to create 
interstrand cross-links, which blocks DNA replication, thereby inhibiting cell 
proliferation. 

The combination of psoralen and UVA irradiation has an anti-growth 
effect on human bladder cancer cell lines
Pooya M, Banzola I, Fischer B, Thomas L, Sulser T, Provenzano M

In addition, PUVA therapy causes apoptosis and local immune reaction mainly 
by generating reactive oxygen species. The aims of this study were to evalu-
ate the anti-growth effects of PUVA treatment and to determine the lower UVA 
doses having immediate and long-lasting effects on human bladder cancer 
cell lines as the first step of further investigations, in order to consider it as a 
new candidate for NMIBC treatment.



Methods:
Human bladder cancer cell lines (T24, grade III and HTB-2, grade I) were cul-
tured in vitro, treated with either 250 or 500 ng/ml 8-methoxypsoralen (8-MOP, 
a natural psoralen metabolite), or not treated, and incubated for 45 minutes 
at room temperature. Cells were then irradiated with UVA (365 nm) at differ-
ent doses (0, 0.5, 1, 2.5, 4, and 5 J/cm2). After 24-, 48-, 72- or 96-hour PUVA 
treatment, cells were stained by trypan blue and counted using an inverted 
microscope to measure cell growth. A colorimetric MTT assay was performed 
in order to analyze cell viability and to indirectly measure the cytotoxic effect 
of PUVA treatment on the cell lines. The BrdU incorporation assay was carried 
out to quantify the anti-proliferative effect of PUVA treatment. Cells were also 
stained with Annexin V-FITC and observed under fluorescence microscope in 
order to detect apoptotic cells. 

Results:
Both the HTB-2 and T24 cell lines showed a significant decrease (P < 0.05) 
of the number of growing cells 24 hours after treatment with 2.5 J/cm2 UVA 
and higher doses, as compared to no UVA treatment. However, 0.5 J/cm2 UVA 
induced a significant decrease of the number of growing cells in both cell lines 
48 hours after the treatment.

Cell viability by trypan blue count

In the colorimetric MTT assay, PUVA treatment with 0.5 J/cm2 UVA signifi-
cantly reduced cell viability only in the HTB-2 cell line after 24 hours but not 
in the T24 cell line since it was reduced 72 hours after PUVA treatment with 
0.5 J/cm2 UVA. In contrast, PUVA treatment with 1 J/cm2 UVA significantly 
induced cell viability reduction in the T24 cell line 48 hours after the treatment, 
as compared to no UVA treatment. 
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BrdU incorporation assay showed a significant reduction of cell proliferation in 
the HTB-2 cell line either 24 or 48 hours after PUVA treatment with 0.5 J/cm2 

UVA and higher doses, as compared to no UVA treatment. Noticeably, PUVA 
treatment of the T24 cell line significantly reduced cell proliferation after 48 
hours with 1 J/cm2 UVA. 

MTT assay in T24 cell line after PUVA treatment

MTT Assay in HTB-2 cell lines 
after PUVA treatment

BrdU Incorporation assay in HTB-2 cell 
lines after PUVA treatment

BrdU incorporation assay in T24 cell line 
after PUVA treatment



Finally, Annexin V-FITC staining for apoptosis detection was particularly 
observed in both cell lines 48 hours after PUVA treatment with 4 J/cm2 UVA 
and higher doses, as compared to no-PUVA-treated cell lines, while the lowest 
dose of 0.5 J/cm2 UVA did not produced substantial differences in comparison 
to PUVA treatment without UVA. 

Fluorescence microscopy for Annexin staining in HTB-2 cell line

Interestingly in all tests, UVA irradiation alone had no meaningful effects on 
both cell lines. In addition, the effects of administering both doses of 8-MOP 
(250 and 500 ng/ml) were similar.

Conclusion:
Our preliminary data state that PUVA treatment has an in vitro anti-growth effect 
on human bladder cancer cell lines, particularly in those featuring grade I tumors. 
The effect is exerted by inducing cytotoxicity, blocking proliferation and triggering 
apoptosis in those tumor cells. It thus suggests that PUVA therapy might qualify 
as a relevant treatment of NMIBC and set the stage for its possible use in vivo.

n Molecular Tumour Pathology, Department for Surgical Pathology,   
 University Hospital of Zürich. 
n Institute of Pharmaceutical Sciences, ETH, Zürich. 
n Institute for Surgical Research and Hospital Management, Oncology
 section, University Hospital of Basel. 
n Institute for Medical Microbiology and Division of Infectious Diseases,  
 University of Basel. 

Collaborations: 
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2.7.2 Tissue Engineering for Urologic Tissues

Dr. med.
Lukas Brügger

Tissue engineering (TE), one of the major approaches of regenerative medi-
cine, is a growing and exciting field of research. In combination with better 
understanding of structure, biology, physiology and cell culture techniques, 
TE may offer new treatment options for patients needing replacement or 
repair of an organ. The concept of tissue engineering has been applied 
clinically for a variety of disorders, for example artificial skin for burn patients, 
tissue engineered trachea, cartilage for knee-replacement procedures, inject-
able chondrocytes for the treatment of vesico-ureteric reflux, urinary inconti-
nence and many more. The principle of classical TE is to dissociate cells from 
a tissue biopsy, to expand these cells in culture, and to seed them onto the 
scaffold material in vitro in order to form a live tissue construct prior to implan-
tation into the recipient’s organism. In the appropriate biochemical and biome-
chanical environment these tissues will achieve their full functional potential 
and serve as native tissue equivalents. TE products may be fully functional 
at the time of treatment, or have potential to integrate and form the expected 
functional tissue after implantation. The TE approach has major advantages 
over traditional organ transplantation and does not face the problem of organ 
shortage. Tissues that closely match the patient’s needs can be reconstructed 
from a generally readily obtainable biopsy and implanted with minimal or no 
immunogenicity. This eventually conquers several limitations, encountered in 
tissue transplantation approaches.  Our research Laboratory is situated within 
the Department of Clinical Research at the University Hospital of Zürich. Our 
researchers are applying current scientific knowledge with the ultimate goal 
to translate this research into clinical treatments and aim at developing future 
medicine by providing new tailored treatments to patients. In near future 
this “personalized medicine” will be individualized by using autologous cells, 
biomaterials, genetic modifications and bioengineering.  The success in this 
promising field requires different scientific and clinical specialities. Therefore, 
we gathered a team with different expertises and backgrounds. The close 
collaboration within the team and with our collaborators (ETH Zürich) offers 
the required multidisciplinary. 

Autologous Adult Stem Cell Therapy for Urinary Incontinence
Hefermehl L J., MD; Stölting M N L, MD; Azzabi F, PhD; Sulser T, Prof.;
Eberli D, MD PhD
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Stress urinary incontinence (SUI), the involuntary loss of urine, is damage 
of the sphincter muscle. Definitive correction of SUI has not been accom-
plished by available surgical treatments. Recently, we were able to demon-
strate the effectiveness use of autologous muscle precursor cells (MPCs) in 
the treatment of sphincter insufficiency in a large animal model. MPCs are 
considered quiescent adult stem cells and participate in tissue regenera-
tion by proliferating and differentiating into myoblasts and later fuse to form 
new myofibers. However, once injected, MPCs cannot be tracked and the 
ability to monitor these cells in “real time” is important to investigate homing 
process, distribution and local retention. Hence, it provides information to 
improve the transplantation procedures and effectiveness of the cell-based 
therapies. Recent research has shown that Superparamagnetic iron oxide 
(SPIO) particles can be incorporated into stem cells prior to transplantation 
and provide an elegant manner to track them in vivo by MRI imaging. The 
intensity and localization of the signal allows drawing conclusions on survival 
and locomotion of the injected cells. However, this technology was never 
used to label MPCs. Therefore, in this study, we investigate the integration of 
iron oxide labelled human MPCs into host tissue by following their migration 
and integration. Prior to injecting labelled MPCs, the optimal concentration for 
labelling the cells was determined in order that the contrast agent does not 
alter the viability, proliferation, differentiation and fiber formation of the MPCs. 
This concentration also permits enough SPIO uptake by the cells that gives 
a strong MRI signal. Injected into the host tissue, labelled MPCs formed new 
functional muscle tissue. These results shows that this MRI imaging could be 
translated to clinics for tracking SPIO labeled MPCs used in the cell therapy 
for treating the SUI.

Tracking Muscle Precursor cells by MRI
Fahd Azzabi PhD, Virginija Jovaisaite MSc, Markus Rudin PhD,
Daniel Eberli MD PhD

Figure 1. Effects of MPC labelling with SPIO. A) 
SPIO uptake by human MPCs. Iron oxide nanoparti-
cles were visualized by Prussian blue staining 1 day 
after the treatment with 100 1600 μg/mL SPIO. B) 
Viability of labelled MPCs, assessed by Trypan Blue 
assay 24 hours after SPION treatment C) Differen-
tiation ratio, expressed as percent of nuclei fused 
into fibers, assessed in the next passage after the 
labelling.

Figure 2. Tracking of muscle formation in vivo. A) Track-
ing of transplanted MPCs by MRI. Unlabelled (control) 
and 400 μg/mL labelled MPCs were injected subcuta-
neously on the back of nude mice. Mice were scanned 
by MRI 4 days, 2 weeks and 4 weeks after injection. 
T2-weighted MRI images of area of interest are shown. 
B) Immunohistochemical analysis of MPC transplants 
4 weeks after injection. Immunostaining of skeletal 
muscle specific proteins Desmin, Myosin Heavy Chain 
(MyHC) confirms the muscle tissue formation.
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Despite the immense successes of tissue engineering, a major hurdle still 
exists – large volumes of implanted tissue are unable to stimulate and sur-
vive off of necessary blood vessel formation. In the body, naturally occur-
ring, equivalent vascular networks serve vital functions in gas and nutrient 
exchange, metabolic processes, and waste expulsion. Though individual 
vessels have been successfully engineered for implant, it is still exceptionally 
difficult to fashion a stable and sustainable network of vessels for large vol-
umes of tissue. The normal formation of vessels in repair after tissue damage 
requires a level of positive and negative control that has not been success-
fully replicated in a laboratory environment to date. As such, rapid de novo 
synthesis of a controlled, established vascular network remains a challenge 
today.

Our project aims to combat this issue through the modulation of angiogen-
esis, a morphogenic process of new blood capillaries emerging from preex-
isting vessels. In wound healing and tissue repair, angiogenesis is required 
to transport inflammatory cells and nutrients into the wound. The isolation 
of potent and specific angiogenic growth factors and recent advances in the 
understanding of the angiogenic process has prompted their therapeutic use. 
As a result, angiogenic factors have been used as pharmacological agents. 
Vascular endothelial growth factor (VEGF) is a potent angiogenic factor and a 
specific endothelial cell mitogen. Therapeutic angiogenesis using VEGF has 
shown promising results in pre-clinical and clinical studies of limb and cardiac 
ischemia. However, in tissue engineering, synchronous delivery of VEGF at 
time of cell transplantation might not be sufficient to adequately support cellu-
lar growth and tissue formation after implantation. Optimally, the blood vessel 
network would be pre-established before cell injection.

To maintain this network and encourage the growth of new muscle tissue, 
Muscle Precursor Cells (MPCs) transfected with VEGF will be utilised. MPCs 
are mesenchymal cells that have the capability to regenerate muscle fibers. 
These cells can be harvested through a muscle biopsy. Slow-Release VEGF 
administered two weeks prior to cell therapy and muscle cells autonomously 
expressing VEGF165 may offer a novel method of delivering angiogenic 
factors to bioengineered muscles and improve volume preservation and 
functional outcome. The ability to grow muscle tissue in larger volumes is an 
essential step towards the synthesis of functional organs. We hypothesize 
that a slow-release formulation of VEGF two weeks prior to cell injection can 
significantly support early tissue formation and contractility of the engineered 
muscle.

Pre-Established Vascular Network for the Engineering of Functional 
Muscle Tissue
Remo Largo MD, Venkat Ramakrishnan BSc, Martin Ehrbar PhD,
Jan Plock MD PhD, Daniel Eberli MD PhD



Tissue engineering or transplanting viable cell alternatives into the diseased 
bladder has emerged as a promising possible solution. The use of autologous 
stem cells expanded in vitro and combined with novel biomaterials for organ 
reconstruction offers a potential solution for replacement of tissue or whole 
organs. This would allow the patients to be their own transplant donors. The 
ideal human precursor cell population would be the one that could be derived 
in an autologous fashion from small amounts of accessible human tissue 
biopsies and have a self-regenerative potential. The multi-lineage adipose 
derived stem cells have both these characteristics, so they possess excellent 
therapeutic potential for tissue regeneration. 
Recently, we have been able to successfully isolate, expand and character-
ize fat derived stem cells in vitro. In addition in our laboratory we are capable 
of efficient differentiation of the fat cells to smooth muscle cells. Furthermore 
to guide the tissue formation we are using different biodegradable material 
along with the cells for bladder construction. Moreover, we will investigate 
whether the constructed scaffolds can mimic the native bladder by studying 
the biocompatibility and functionality of engineered bladder after implantation 
in vivo in a rat model.

Use of Autologous Fat derived Stem cells for Bladder Regeneration
Souzan Salemi PhD, Daniel Eberli MD PhD

Fat derived stem cells (FDSCs) characterization. 
A: Morphology of cultured FDSCs. Phase-contrast image of cultured FDSCs after third passage (left panel). The 
cells cytoplasm was stained with phalloidin (green) and nuclei with DAPI (4'-6-diamidino-2-phenylindole, blue) 
(right panel). FDSCs showed a spindle or polygonal fibroblasts like shape. 
B: Expression of lineage specific markers beta-1 integrin (CD29;), hyaluronate receptor (CD44) and hematopoi-
etic marker (CD34) analysed by flow cytometry. 

FDSCs differentiation to smooth muscle cells
C: Real-time PCR showing a time dependent increase in smooth muscle cells markers. 
D: Immunoblotting demonstrating the smoothelin and calponin protein expression at 2, 3, 4 and 5 weeks.
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Clinical translation of tissue engineered bladder substitute largely depends 
on its long-term survival and biological function, which is mainly controlled 
by complex neuronal connections and vascular net-work. This project aims 
to introduce functional innervation and to augment revascularisation of tissue 
engineered bladder using multi factor approach which encompasses molecu-
lar, cellular and topographical features. Neuronal survival, axonal regenera-
tion and target organ reinnervation is a long process of several stages, each 
stage is controlled by wide range of factors like growth factors, topographi-
cal features and cellular factors. Neurotrophic factors play a crucial role on 
neuronal survival, differentiation and axonal outgrowth. Vascular endothelial 
growth factor (VEGF) is a multifunctional growth factor which promotes ang-
iogenesis and functions as anti-apoptotic factor for smooth muscle cells. Glial 
cell-line derived neurotrophic factor (GDNF) is one of the most potent factors 
for motor nerve function and synaptic maintenance. Topographical features 
at sub-cellular scale size provide guidance for regenerating axons and direct 
them to the target organ. We believe that the controlled delivery of multiple 
molecular and cellular factors via engineered microfibrous scaffold holds 
great promise for restoration of bladder function. 

Functional innervation of tissue engineered bladder
Srinivas Madduri PhD, Rita Gobet MD, Daniel Eberli MD PhD

Fig. 1: Effect of trophic and tropographical factors on autonomic axonal outgrowth.
 A) Images of axo-glial outgrowth from embryonic chicken sympathetic ganglions
 B) Quantitative analysis of sympathetic axo-glial growth response



Bladder voiding dysfunction (BVD) in the elderly is commonly due to bladder 
outflow obstruction (benign prostatic hyperplasia, BPH) affecting 50% to 80% 
of males over the age of 50. Currently there is no treatment modality that 
reverses the underlying cause, the decreased bladder contractility. Muscle 
Precursor Cells (MPCs) and adipose-derived stem cells (ADSCs) are envi-
sioned as promising cell sources with the capability to regenerate muscle 
fibres. The goal of this research was to evaluate the use of adult stem cells 
for the treatment of bladder voiding dysfunction due to decrease muscle 
contractility.

In 83 male Lewis rat (6-8 weeks old), infravesical obstruction was performed; 
six weeks later, 13 rats were evaluated as a positive control by functional and 
molecular analysis. In 22 rats, stem cell injection with an insulin syringe (1.5 x 
106 cells) into the bladder wall and deligation was performed six weeks after 
the obstruction. After 4 and 8 weeks, morphological and functional changes 
were assessed. In 13 animals, desobstruction by deligation only was per-
formed. Three healthy, age matched rats served as a control.  

After stem cell injection, we were able to track the cells by PKH67. Organ bath 
analysis and urodynamic studies showed an improved contraction and higher 
maximal micturition pressure after 4 and 8 weeks for both cell types, whereas 
the deligation group showed lower contractions. The same trend was seen 
by RT-PCR and Western-Blotting where gene expression and protein transla-
tion of important contractile proteins after stem cell therapy were upregulated 
(Figure 1).

Muscle Precursor Cells (MPCs) and Adipose-derived Stem Cells (ADSCs) 
for the Treatment of Bladder Voiding Dysfunction
Mathias Tremp MD, Souzan Salemi PhD, Rita Gobet MD, Daniel Eberli MD PhD

Figure 1: Organ bath (A), urodynamic (B) and molecular (C) analysis After cellular treatment 



98

Tissue engineering aims to provide alternatives to bladder reconstruction to 
overcome the significant limitations associated with enterocystoplasty. As the 
scaffold is an important determining factor for the success of tissue engineer-
ing our research laboratory has developed a two layered composite scaffold 
consistent of poly(lactide-co-glycolide) (PLGA) fibers directly electrospun 
onto bladder acellular matrix (BAM), mimicking morphological and functional 
characteristics of the bladder wall. Autologous bladder smooth muscle cells 
(SMCs) were cultured, expanded and seeded on the polymer fibers. Electron 
microscopy (SEM), histological examinations and biochemical assays for 
cell proliferation were performed. In 16 rats, partial cystectomy (>50%) was 
performed, followed by augmentation cystoplasty with seeded or unseeded 
scaffolds. Histological studies were performed after 4 and 8 weeks. We 
found that electrospinning of PLGA onto BAM resulted in a composite scaf-
fold with randomly oriented microstructures (fiber diameter 4-5 μm), provid-
ing good support for cell attachment, proliferation and migration. In vivo the 
scoffold developed into a bladder wall-like structure. Histological evaluation 
revealed an urothelial lining, early revascularisation and SMC infiltration. 
Immunohistochemical analyses confirmed the urothelial and muscle cell phe-
notype and showed the presence of blood vessels. Therefore, we were able 
to demonstrate that a biomaterial system consisting of two completely differ-
ent materials is capable to promote cell proliferation in vitro and generation of 
bladder wall structures in vivo. This scaffold is bringing new perspectives in 
the field of hollow organ tissue engineering. 

Electrospun-Acellular Matrix Composite Scaffold for Bladder 
Reconstruction 
Maya Horst MD, Srinivas Madduri PhD, Sarah Nötzli MSc, ,Rita Gobet MD, 
Daniel Eberli MD PhD

Figure 1: A) Scanning electron microscopy. Composite scaffold, consisting of PLGA microfibers directly spun 
onto BAM. B) Light microscopy. Normally structured multilayered urothelium. HE staining. Scale bar represents 
50 um. C) Immunohistochemestry. Urothelial lining (U), a collagen rich compartment with early revascularisation 
(V), early smooth muscle cell infiltration and regeneration of the lamina muscularis mucosae (SMC).
Scale bar represents 250 um.

Figure 2: Fluorescent microscopy. Smooth muscle cells cultured on PLGA nanofibers after 2, 4 and 7 days.
Cells stained with phalloidin (green) and DAPI (blue). Scale bar represents 50 um.



Muscle Precursor Cells (MPCs), for muscle regeneration, are envisioned as 
promising cell sources with the capability to regenerate muscle fibers, and 
therefore investigated for the treatment of several muscular diseases. In 
Urology, it opens novel treatment possibilities including reconstruction of blad-
der muscles, management of sexual dysfunction and treatment of Urinary 
Incontinence. Functional muscle fibers and cells decrease with age due to an 
apoptotic mechanism. This represents one of the morphological bases for the 
higher incidence of stress urinary incontinence (SUI) in the elderly. Tissue engi-
neering, using autologous implantation of cultured myoblasts, offer a solution 
to this problem for female and male patients. Unfortunately, patients in need 
for engineered tissues and organs are older and therefore exposed or at risk 
of cancers. Only little is known on the influence of adult stem cells (ASC) on 
preexisting tumors. In Urology, MPC cell injection has been used in preclinical 
studies for the treatment of stress urinary incontinence, a frequent complication 
of the Radical Prostatectomy, treatment of choice for localized prostate cancer. 
These cells are injected into the pelvic floor, the most common place of residual 
tumor cells after curative surgical treatment. Therefore, the safety of stem cell 
therapy in patients and the interactions between engineered tissues and pre-
existing cancer in proximity has to be investigated. Clinical applications using 
ASC are within reach for many tissues and organs, it is important to analyze the 
influence on both previously and newly settled tumoral cells. We hypothesize 
that tumor cells and adult stem cells (MPCs) interact and support each other 
promoting cell differentiation without significant tumor progression. Our prelimi-
nary data indicate that MPCs grow faster in presence of cancer cells probably 
mediated through growth factors. It is critical to investigate the safety of these 
novel techniques before up-scaling and broad clinical application. 

Interaction between Adult Stem Cells (ASC) and preexisting Cancer in 
Tissue Engineering
Meline Stölting MD PhD-Student, Stefano Ferrari PhD; Christoph Handschin PhD; 
Attila Becskei PhD; Tullio Sulser MD; Daniel Eberli MD PhD

Figure 1: Cell characterization after exposition. ICC of Prostate carcinoma and MPC cells for BIN-1 before and 
after exposition, cytoskeleton labelled in green (Phalloidin 488) and secondary antibody in red (Cy3). A) DU145 
control after 10 days of culture; B) DU145 after 10 days in co-culture with MPC; C) BIN-1 expression on MPC 
control; D) BIN1 expression on MPC exposed to 10 days of co-culture with prostate carcinoma; E) RNA expres-
sion fold changes on desmin, Myosin Heavy Chain and BIN1on the 10th day of co-culture and 10 days after 
exposition. F) RNA expression fold changes on cancer cells expression of p21, BIN1 and Caspase 3. * p < 0,05 
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Figure 2: Tumor size in vivo. Prostate carcinoma cell according to metastasis potential (P1 = LnCAP; P2 = PC3, 
P3 = DU145). Final tumor volume after 42 days of implant – cancer on the presence of MPC demonstrated a 
lower volume then cancer injected alone. Three weeks after inplantation, the differences are already visible 
(Panel left) and after six weeks the fnal volumes can be evaluated on panel right.

Urinary Incontinence is a common condition in the elderly. It is defined by the 
International Continence Society (ICS) as an involuntary loss of urine leading 
to social or hygienic problems. It affects around half of the female population 
over 45 years and 17% of men over 70 years. In men, urinary incontinence 
is additionally one of the most frequent complications of radical prostatec-
tomy, the standard therapy to localized prostate carcinoma. The incidence 
ranges between 8 to 77%. Pelvic rehabilitation is recommended as first-line 
therapy and includes anogenital electrical stimulation, neurostimulation of 
sacral nerves, Stoller afferent nerve stimulation and pulsatile functional mag-
netic stimulation. Magnetic stimulation modulates the sacral nerves without 
invasive anal probes, is painless, does not require undressing for treatments 
and is therefore more comfortable than other techniques. In this study we will 
investigate the effect of magnetic field stimulation improving continence in 
man with stress urinary incontinence after radical prostatectomy and elicit the 
molecular mechanisms involved in this novel treatment modality. The influ-
ence and efficiency of extracorporeal magnetic stimulation (EMS) inducing 
neuromodulation and muscle contraction will be assessed. Additionally, we 
investigate whether EMS is capable of improving muscle function by form-
ing new neuromuscular junctions and by inducing muscle differentiation into 
resistant and oxidative muscle fibers capable to sustain long term contractions. 

Pelvic Floor Magnetic Stimulation for the Treatment of Urinary 
Incontinence in Post-Prostatectomy Patients 
Meline Stölting MD PhD-Student, Eberli Daniel Eberli MD PhD



Figure: Magnetic Stimulation for the treatment of Urinary Incontinence – Project outline.

Despite the progress in the field of muscle tissue engineering one of the main 
problem is the decreased capacity and growth of MPCs in the aged popula-
tion. Many clinical conditions for which muscle tissue engineering will be 
needed are commonly found in the elderly population, including incontinence. 
This raises the question whether muscle tissue engineering is possible for 
all ages. The age related decrease in cell growth prolongs the culture time 
required to reach sufficient cell numbers for injection. To yield a high initial 
cell number by harvesting lager biopsies would be preferable but is not prac-
ticable in old patients with already reduced muscle mass. In this study, we 
will evaluate the influence of age and gender on the growth and feasibility 
of MPC for treatment of urinary incontinence in the elderly. We will process 
15 male and 15 female patients (45 to 75 years) and analyze the cell growth 
rates in vitro and the quality of the newly built tissue in vivo. The results 
obtained in these experiments are going to help us in defining the limitations 
of this method for the treatment of urinary incontinence. Cell growth rate and 
differentiation, fiber formation, Immunohistochemistry, FACS analyses, organ 
bath and histology will be performed as described in the previous sub-aims.

Donor age and gender limitations for the use of autologous muscle cells 
Meline Stölting MD PhD-Student, Lukas Hefermehl MD, Mathias Tremp MD, 
Daniel Eberli MD PhD

Figure: Immunohistochemistry (anti-MyOD, anti-Desmin, anti-MyHC and anti-sarcomeric actinin) and Flow  
citometry (Right corner – flow cytometry shows high percentage of cells expressing desmin and MyoD).
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2.7.3 Erectile Dysfunction

Dr. med.
Alexander Müller

A. Radical Prostatectomy and Erectile Dysfunction
Erectile dysfunction (ED) is a recognized sequela of radical prostatectomy 
(RP). Despite advances in nerve spring techniques, the operation is associated 
with a significant incidence of ED which occurs between 30-80% depending 
on the literature. The mechanisms proposed include neuropraxia-induced 
structural damage to erectile tissue, chronic erectile absence associated 
structural damage and vascular alterations. Over the past 10 years there has 
been a recrudescence in interest in clinical and basic scientific research in 
post-radical prostatectomy erectile dysfunction. It has been suggested that 
the use of pharmacologic agents, including phospodiesterase inhibitor type 
5, in the early stages after RP can result in improved erectile function outcomes. 
Reducing the incidence of this problem after RP will lead to significant improve-
ment in quality of life of such patients and will likely result in cost savings to 
health care systems because of the reduced need for long-term erectogenic 
medications or surgery for drug-refractory ED.
B. The Concept Of Penile Rehabilitation
The relationship between hypoxia and cavernosal fibrosis has been docu-
mented in several in vitro studies. It has been shown that cavernosal smooth 
muscle cells exposed to hypoxia underwent an increased collagenization. 
Since hypoxia of cavernous tissue is related to the blood supply and the great-
est blood supply occur at time of erection any neural damage that results 
in ED may expose the cavernous tissues to longer periods of hypoxia and 
consequently structural damage. The current literature provides evidence 
that events of nocturnal erection oxygenate the cavernosal tissue (concept 
of cavernosal oxygenation), and this might protect them from developing 
fibrotic changes during the transient period of erectile dysfunction following 
nerve sparing radical prostatectomy. 
C. Cavernous Nerve Injury Model in Rats
Quinlan et al in 1989 first described the rat model of CN injury for the study 
of RP-associated erectile function changes. Further evolution of this model 
let to the world wide acceptance of this model to reliable assess functional 
and structural sequalae of neural trauma in the corporal tissue of the rat 
penis after CN injury. The assessment of erectile hemodynamics in the rat 
model has matured enough to allow objective assessment of the functional 
parameter reporting the ICP/MAP ratio between the maximum intracaver-
nosal pressure (ICP) and the corresponding mean arterial blood pressure 
(MAP) measured during electrical stimulation of the CN. The reports on the 
neuroprotective and neuroregenerative qualities of pharmacologic agents 
and interest in exploring other potentially neuromodulatory strategies have 
increased the interest of this reproducible rat CN injury model, that has 
extrapolatability to the human. 
This model seems to be representative of neural injury that occurs at the 
time of pelvic surgery and thus, allow the assessment of the neuromodulatory 

Penile Rehabilitation after Radical Prostatectomy: 
The cavernous nerve crush injury model in the rat
Dr. med. Alexander Müller
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properties of pharmacologic strategies in a pre-clinical fashion prior to human 
clinical trials. 
D. Preliminary Studies
In preliminary studies the principle investigator was able to demonstrate 
that the functional and structural consequences of bilateral CN injury were 
amelio-rated by the daily use of the PDE5i sildenafil citrate. After bilateral CN 
crush injury applied in mature Sprague-Dawley rats the erectile function (ICP/
MAP ratio) improved with sildenafil in a time a dose dependent fashion with 
maximization of erectile function recovery occurring with daily 20mg/kg sc at 
the 28 day time-point and resulted in smooth muscle-collagen ratio protection 
and CD31 and eNOS expression preservation (Figure 3 and 4). Furthermore 
sildenafil increased phosphorylation of AKT and eNOS and reduced intraca-
vernosal apoptosis (Figure 5). 
Supporting the above mentioned cavernosal oxygenation concept as a protective 
mechanism for erectile function we were able to document improved erectile 
function preservation after hyperbaric oxygen therapy in the cavernous crush 
injury model in rats. The effects appeared to be mediated via preservation of 
neurotrophic and endothelial factor expression. 
Also with the use of the immunophilin ligand FK506 ascertaining an optimal 
dose and timing of the drug we were able to show that short-term treatment 
with doses of FK506 sc higher than previously utilized preserves erectile func-
tion in the rat CN injury model. Pre-treatment did not offer an advantage but 
FK506 administration just prior to CN injury and for a short time post-injury 
achieved the best functional outcomes. The benefits of this pharmaco-
therapeutic strategy appeared to be mediated through reduction in cavernosal 
apoptosis and of nerve injury-associated perturbations in neurotrophic factor 
expression which might be the reason for a dramatic structural preservation 
seen under transmission electron microscope in the treatment animals com-
pared to control. Based on promising animal experimental data in this CN 
crush injury model the future role of FK506 as a pharmacologic neuromodulator 
in the RP population will be defined by the results of randomized, placebo-
controlled trials, which are ongoing. 
With this upcoming year 2008 we would like to establish the aforementioned 
cavernous nerve crush injury model as part of the Urological Laboratory at the USZ 
to continue this part of promising research aiming for helpful strategies in penile reha-
bilitation after radical prostatectomy which can be brought from bench to bed side.

Figure 1: 
Cavernous Nerve in the Rat Intra-
operative picture showing the ca-
vernous nerve (CN) coming from 
the major pelvic ganglion (MPG) 
and running along the surface of 
the prostate in the rat. 

Figure 2:
Intra-operative picture displaying the cavernous nerve 
(CN) hooked up by an electrode for electrical stimulation 
to measure the maximum intracavernosal pressure (ICP). 
At the same time of CN simulation the corresponding mean 
arterial blood pressure (MAP) will be reported as the ICP/
MAP ratio representing a parameter of erectile function.



* significantly higher compared to all other groups  
 (p<0.001),
# significantly improved compared to corresponding
 C group (p<0.05),
o significantly improved compared to S10 at 28 days  
 (p=0.01).

Figure 4: Immunohistochemistry staining for CD31
At 28 days after cavernous nerve injury the Control group (bilateral CN crush) demonstrated a lower density of 
CD31 staining compared to Sham (no CN crush) and both treatment groups S10 und S20 displayed higher staining 
compared to control on both immunohistochemistry (upper panel) and immunofluorescence (lower panel).

Figure 5: Immunoblotting for eNOS/AKT
Both treatment groups S10 and S20 (10 and 20 mg/kg sildenafil sc daily) demonstrated greater activation 
(phosphorylation) of AKT and eNOS compared to the Control group C.
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n Prof. J.P. Mulhall, Laboratory of Sexual Medicine, Memorial Sloan-  
 Kettering Cancer Center, New York, NY, USA.
n Dr. Juan Martinez-Salamanca, Department of Urology, University Hospital
 Madrid, Spain
n PD Dr. R. Graf, Division of Visceral & Transplant Surgery, USZ, Zürich
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Figure 3: Functional Results
Graph showing the mean maximum intracavernosal pressure (ICP) divided by the corresponding mean arterial 
pressure (MAP), reported as ICP/MAP ratio as a percentage for Control (bilateral CN crush), and both treatment 
groups S10 (daily 10 mg/kg sildenafil sc) and S20 (daily 20 mg/kg sildenafil sc) at different time points (3, 10, 
and 28 days).
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2.8 Cranio-Maxillofacial Surgery Research

2.8.1 Oral Biotechnology and Bioengineering

BMP and bone regeneration 
Franz Weber, Chafik Ghayor, Katrin Lange, Ana Sala, Rita Correro,
Patrick Hänseler, Alexander Tchouboukov, Yvonne Bloemhard

Growth factor mediated bone regeneration and their enhancers
In Cranio-Maxillofacial Surgery, orthopaedics, and dentistry improved treat-
ments for bone regeneration, and bone augmentation are in need. Valuable 
tools for this purpose are single growth factors like bone morphogenetic 
proteins (BMPs), or vascular endothelial growth factors (VEGF), hormones 
like parathyroid hormone (PTH), mixtures of growth factors and hormones 
or even autologous mixtures of factors as present in platelet rich plasma. 
In addition to growth factors small chemicals could also induce or enhance 
bone regeneration. In the last years we have identified the small chemical 
N-methyl pyrrolidone (NMP) to enhance bone regeneration by its enhancing 
effect on the kinase activity of the BMP/BMP receptor complex for key signal-
ling molecules for bone formation. At the moment we evaluate the effect of 
NMP on osteocytes, which make up 95% of the cell population in bone and 
osteoclasts, which are responsible for bone degradation and osteoporosis.

Synthetic hydrogels
The blood clot as an example of a natural hydrogel provides all signals 
needed to induce tissue regeneration. To gain more insight into the effect of 
individual signals, an artificial matrix, devoid of any signals is needed. To that 
end, we and others developed synthetic matrices based on biocompatible 
polyethylene glycol derivatives which can be used as backbone to be tethered 
with single or multiple biological factors. The generated tool box can now be 
used to study the effect of single molecules and to screen protein and peptide 
libraries to identify the ideal composition of a hydrogel for bone regeneration. 

Bone substitute materials
Bone substitute materials are developed to substitute for the use of auto- 
logous grafts, which are associated with a second site of surgery, morbidity, 
pain and additional discomfort for the patient. 

Prof. Dr. rer. nat.
Franz E. Weber

Chafik Ghayor 
PhD 

Ana Sala
PhD-student 

Rita Correro
PhD-student

Patrick Hänseler
PhD-student

Alexander 
Tchouboukov

Yvonne
Bloemhard 

Katrin Lange
PhD 

Prof. Dr. rer. nat.
Franz E. Weber

Prof. Dr. Dr. 
Klaus W.Grätz Cranio-Maxillofacial 

Surgery Research

Oral Biotechnology and 
Bioengineering

Oral Oncology

Orofacial Deformities



Since bone is mainly composed of hydroxyapatite the majority of synthetic 
bone substitute materials contain 60-80% hydroxyapatite. In our group we 
characterize and develop novel bone substitute materials based on

1) Synthetic hydroxyapatite/tricalciumphosphates (HA/TCP). 
 The goal of this subproject is the characterization and development of  
 synthetic HA/TCP based materials with emphasis on the attachment
 and release of growth factors.
2) Synthetic and natural hydrogels
 Hydrogels are ideal ingrowth matrices for regeneration purposes but  
 their mechanical properties are insufficient for bone regeneration purposes. 
 Therefore we want to combine hydrogels with mechanically more stable  
 materials like hydroxyapatite to form novel bone substitute composites.  
3) Porous bioactive glass 
 “bioactive” substances are capable of forming a bone-like apatite layer on 
 their surface, similar to our naturally occurring bone hydroxyapatite.   
 Some of the main bioactive ceramics used clinically are: bioactive glass.  
 The main goal of this project is to determine the effect on the differentiation 
 of preosteoblasts to osteoblasts by pre-treating 3D-bioglass scaffolds  
 with simulated body fluid.
4) Titanium reinforced 3D scaffolds for the treatment of large bone defects  
 in the mandible. Large bone defects can result from trauma or might  
 even be generated during the resection of tumours. To subsequently  
 restore aesthetics and function such defects have to be filled with bone  
 tissue able to withstand the high mechanical forces generated during  
 mastication right after surgery. The aim of this project is to generate  
 titanium reinforced 3D scaffolds for bone ingrowth and placement of dental 
 implants.
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Mechanobiology of cartilage and cartilage tissue engineering

Craniomandibular disorders such as limited/painful mouth opening, pain and 
stiffness of masticatory muscles and temporomandibular joint (TMJ), as well 
as TMJ sounds afflict 10% of human adults at any given time, and over 30% at 
least once during their lifetime. It is estimated that 10 to 30% of these individuals 
have degenerative TMJ disease of still unknown causes. Severely affected 
patients often become depressed, experiencing pain interfering in everyday 
activities. Prevention and treatment of degenerative TMJ disease are not pre- 
dictably successful. Surgical reconstruction of the TMJ has often resulted in 
severe disabilities. Also, tissue engineering and the development of suitable 
replacement materials are still hindered by limited knowledge of TMJ physics. 
TMJ articular surfaces (condyle and fossa) are separated by a cartilaginous 
disc that works as a cushion and shock absorber. According to animal mod-
els, disc integrity is of primary importance for TMJ function. Disc lesions are 
likely triggered by mechanical stress caused by complex rolling/plowing loading  
patterns scarcely investigated in the literature. For this purpose we had launched 
a project in which we developed a machine (RPETS) capable of loading with 
rolling/plowing patterns specimens of live bovine cartilage cut in precise shapes.
Objective of this new project is to establish whether and which anatomical or 
functional features are more detrimental for cartilage integrity and under which 
condition catabolic processes are triggered and dominate over anabolic ones. 
RPETS will be programmed to stress cartilage explants more realistically 
than normally done in similar experiments. For this, we will collect in vivo 
data on normal ranges of TMJ loading rates, condyle and fossa curvatures, 
and time profiles of mandibular activity in the natural environment. We will 
therefore investigate how variations of mechanical stress, as determined in 
vivo, influence cell viability, extracellular matrix integrity and gene expression. 
Experiments will be conducted on pristine cartilage explants and injured ones, 
obtained by making superficial cuts. Injured explants will also be used to inves- 
tigate whether fibronectin - which has a distinct role in wound healing in most 
tissues - may help in healing the initial damage. The project is divided in three 
studies: 1) effect of plowing velocity on biological response of chondrocytes; 
2) effect of condylar curvature on biological response of chondrocytes; 3) 
effect of loading timing on biological response of chondrocytes. Data gained 
in this project will lead to a better understanding of TMJ disorders and  
degenerative joint disease in general. 



2.8.2 Oral Oncology

Newly diagnosed cancers of the oral cavity and pharynx in Europe constitute 
97.800 patients per year; the estimated number of deaths due to these  
carcinomas is 40.100 per year. Metastatic disease is thought to be directly or 
indirectly responsible for more than 90% of all cancer deaths.
Despite improved diagnostic tools, chemotherapy, radiotherapy and improved 
surgical techniques, the overall five-year survival rate for head and neck  
cancer persists at a very low 50-60 % level. 
Attempts in improving survival rates lies in early diagnosis and individual 
selection of patients with a worse prognosis and to tailor the current therapies 
available on an individual basis. Out of experience it is known that some 
tumours have a low tendency to malignancy, while others infiltrate at a very 
early stage, show lymphoangiosis carcinomatosis or perineural infiltration, 
irrespective of the patient being exposed to well known risk factors like  
smoking, alcohol abuse or HPV.  With regards to preoperative factors, and 
particular to blood markers there seems to be no support for a positive asso-
ciation between preoperative as well as CRP and WBC levels and oral SCC , 
in a recent completed study.
Further aquired data however suggests that a low Hb level is associated with 
a poor prognosis. Consequently pre operative Hb corrections may significantly 
improve outcome, but further investigations including controlled double blind- 
ed prospective studies with larger patient groups are necessary. Regarding 
the evaluation of CT and PET-CT scans for preoperative staging, the present 
findings demonstrate that PET and CT scans are not always reliable and that 
both seems to have their limitations, especially for smaller tumors. An alter-
native to these more indirect methods, selection can be done by determining 
individual molecular markers that constantly associate with a poor prognosis, 
a sort of common denominator in the aberrant metabolic process.
By evaluating tumor tissues from all head and neck patients, subcategorised 
in the precise primary anatomical site, it is planned to find common molecular 
derivatives that may be the answer to our attempt in individualising treatment, 
ensuring a better survival rate and by avoiding unnecessary treatment, ensur- 
ing a better quality of life.
Further efforts in the attempt to improve treatment outcome is by develop- 
ment of new ways in defining the lymph drainage pattern and first station of drain- 
age in head and neck cancer. Current methods are cumbersome, associated 
with risk of radiation and is a costly process. By using a fluorescent dye the 
lymphatic pathway can optically be visualised using a near infra red emitting 
light source. Benefits for diagnosis as well as adequate removal of all affected 
lymphatic tissue are the main goals in the development of this new technique 
in head and neck surgery.
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In the clinical part, different methods of therapy and anatomical reconstruction 
of patients with cranio-maxillofacial deformities were given prominence. 
One important topic was the continuous development of operating tech- 
niques of different facial deformities. For example a new operating technique 
for Tessier No.III Cleft was developed and implemented.

Since the introduction of possible treatment methods for patients with severe 
mostly syndromic midfacial hypoplasia, a lot of different methods and tech- 
niques have been described with different advantages and disadvantages. 
Since 1997 one possible treatment alternative to Le Fort III osteotomy or 
Monobloc is the advancement of the midface with a RED (rigid external 
distraction) distraction device. In 2010, we described the development of 
an advanced external distraction device in Le Fort III level. Still this device 
is one of our working fields concerning modifications, clinical follow-up and 
long-term stability of results. 
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2.8.3 Orofacial Deformities

Another field of research was the search for an ideal osteosynthetic material 
with best possible biocompatibility, biomechanical properties, but cost effec-
tiveness and practicability. Therefore, plates and screws made of allogenic 
and xenogenic bone were developed and analysed in a dynamic animal 
model with continuous extrusion force and compared with titanium screws. 
Allogenic screws showed auspicious results regarding holding strength as 
well as osseointegration. Results were analysed histologically. 

6 year old Mb. Crouzon child, extreme mid-face hypoplasia resulting in respiratory distress and exorbitism: 
Correction by mid-face distraction. 

Cell patterning by surface treatment. Lymphatic drainage pattern seen after injection of 
Indicating Green



Histological section of allogenic bone screw (AAC) 
shows excellent contact to bone bed 56 days after 
insertion (Kossa staining 40*) Direct interface bet-
ween screw and bone bed (arrow) and centripetal 
vessel in the screw center (double arrow) 

Polychromatic sequential labeling of xenogenic 
bone screw (AXC) with non-vital bone and a band 
of connective tissue (CT) between the screw and 
the bone bed (BB). In contrast to the allogenic bone 
screws there is no new formation of bone and mis-
sing vascularization.  

n Department of Fixed and Removable Prothodontics and Dental Material  
 Science, University of Zurich, Switzerland (Prof. Ch. Hämmerle,
 PD Dr. Ronald Jung, Dr. Daniel Thoma)
n Department of Masticatory Disorders, University of Zurich, Switzerland  
 (Prof. Luigi Gallo)
n Clinic for Preventive Dentistry, Periodontology and Cariology (PPC),   
 University of Zurich, (Prof. Attin, PD. Dr. Matthias Zehnder)
n Division of Obstetrics (Prof. Roland Zimmermann, Dr. Martin Ehrbar)
n ETH Zurich, Laboratory of Biosensors and Bioelectronic 
 (Prof. Janos Vörös)
n ETH Zurich, Department of Materials (Prof Marcus Textor,
 PD Dr. Heike Hall-Bolic, Prof. Viola Vogel)
n ETH Zürich Institut f. Biomechanik (Prof. Ralph Müller)
n EPFL Institute of Bioengineering (Prof. Jeffrey Hubbell, Prof. Matthias Lütolf)
n ETH Zürich, Department of Chemistry and Applied Biosciences
 (Prof Wendelin Stark)
n Universität Belgrad (Serbien-Montenegro) (Dr. Vladimir Kokovic,
 Prof. Aleksa Markovic und Prof. Milan Jurisic)
n Universität Hongkong Prof. Lim Cheung und Prof. Roger Zwahlen.
n Kuros Biosurgery (Zurich, Switzerland)
n Straumann AG (Waldenburg, Switzerland)
n Ozics AG (St. Gallen)
n Geistlich AG (Wohlen, Switzerland)
n Artoss AG (Rostock, Germany)
n Z-Systems (Konstanz, Germany)
n Degradable solution (Zurich, Switzerland)
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2.6. Surgical Intensive Care Medicine

NEUROTRAUMATOLOGY AND NUTRITIONAL MANAGEMENT

Neurotraumatology
Continuation of optimizing both monitoring and therapy of patients suffering 
from severe traumatic brain injury based on extended neuromonitoring includ-
ing cerebral microdialysis has successfully contributed to translating research 
into clinical routine. We are happy to provide strong clinical evidence proving 
that integrating cerebral microdialysis in clinical routine has substantially im-
proved detailed pathophysiologic understanding and therapy in daily routine.
In this context, we were able to show that insulin differentially influences brain 
glucose depending on the underlying arterial blood glucose levels. This has 
led to an adaptation of our routine: whenever arterial blood glucose is below 
5 mM insulin will not be administered as this significantly decreased cerebral 
glucose further and increased cerebral lactate formation. On the contrary, 
whenever arterial blood glucose exceeds 7 mM, insulin administration is pro-
moted to significantly increase cerebral glucose (fig. 1) and significantly de-
crease signs of cerebral metabolic impairment (fig. 2).
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Figure 1
Influence of insulin on cerebral glucose concentrations strongly depends on arterial blood glucose levels with a 
significant decrease at arterial blood glucose < 5 mM and a significant increase at arterial blood glucose > 7 mM.



Figure 2
Insulin significantly influenced signs of cerebral metabolic impairment reflected by significantly increased lactate-to-
glucose ratio at arterial blood glucose < 5 mM and significantly decreased ratio at arterial blood glucose > 7 mM.

Nutritional management
CALORIC REQUIREMENT
In depth analysis of caloric requirement of critically ill patients using indirect 
calorimetry revealed that temperature is the strongest denominator to esti-
mate caloric requirement. This finding is of crucial importance in clinical rou-
tine, especially in patients in whom indirect calorimetry cannot be performed. 
This, in turn, is important to avoid insufficient as well as excessive nutritional 
support as both extremes may aggravate underlying disease processes. In 
addition, we were able to show that the commonly used 25 kcal/ kg body 
weight is oversimplified, resulting in significant overestimation at lower body 
temperature and significant underestimation of resting energy expenditure at 
higher body temperature (fig. 3).

MICRODIALYSIS- GUIDED NUTRITIONAL SUPPORT
Integration of cerebral microdialysis in daily routine is of crucial importance to 
assure optimal nutritional support for the injured brain. In this context, we are 
able to not only unmask insufficient cerebral glucose concentrations despite 
normal arterial blood glucose concentrations in face of adequate cerebral per-
fusion but to most of all show that adaptation of nutritional support is required 
to easily correct this insufficiency (fig. 4).
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Figure 3
Impact of body temperature and different means of assessing resting energy expenditure (REE) in critically ill 
patients. Lower body temperature was associated with lower REE compared to higher REE at elevated body 
temperature. REE determined by caloric requirement and specific equations revealed more accurate results 
compared to the commonly used 25 kcal/ kg body weight.

Figure 4
Adaptation of enteral and parenteral nutrition was required to correct decreased cerebral glucose concentra-
tions despite normal systemic and subcutaneous glucose levels. This patient even required a combination of 
both enteral and parenteral nutrition to maintain stable cerebral glucose concentrations.

n PD Dr. Emanuela Keller, Neurosurgery, University Hospital Zürich
n Prof. Dr. Guido Wanner, Trauma Surgery, University Hospital Zürich
n Prof. Dr. Andreas Unterberg, Neurosurgery, University Hospital Heidelberg
n PD Dr. Klaus Schaser, Trauma Surgery, Charité Berlin
n Prof. Dr. Niklas Marklund, Neurosurgery, Uppsala
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LIVER TRANSPLANTATION AND INTENSIVE CARE MEDICINE

Same quality - higher price? The paradox of allocation: the first national single 
center analysis after the implementation of the new Swiss transplantation
law: the ICU view. This study was undertaken as the first national single-center 
analysis to assess the impact of the new Swiss transplantation law on patient 
selection, intensive care unit (ICU) complications, outcome, and, in particular, 
costs in liver transplant recipients treated in our surgical ICU. The first 35 con-
secutive liver transplant recipients following the new act were compared with 
the last 35 liver transplant recipients preceding July 1, 2007. Following exe-
cution of the new law, recipients were in poorer condition, reflected by signifi-
cant higher Model for 0.006). Furthermore, the = End-Stage Liver Disease 
(MELD) scores (12 vs. 22; p MELD group obtained more renal replacement 
therapies (40.0% vs. 14.3%; 0.015). Cumulative one-yr patient survival was 
comparable in both groups = p 0.22). Finally, the additional costs per single 
case = (91.4% vs. 80.1%, p Euros after the adoption of the new law. Our 
data serve as an example that political decisions influence patient's selection, 
and, in turn, complications, finally leading to higher costs of medical treatment. 
Liver graft allocation according to the MELD system may save lives at the price
of increased intensive care efforts.

Model of end stage liver disease (MELD) score greater than 23 predicts 
length of stay in the ICU but not mortality in liver transplant recipients: 
The impact of model of end stage liver disease (MELD) score on postopera-
tive morbidity and mortality is still elusive, especially for high MELD. There are 
reports of poorer patient outcome in transplant candidates with high MELD 
score, others though report no influence of MELD score on outcome and sur-
vival. We analyzed data of 144 consecutive liver transplant recipients over a 
72-month period in our transplant unit, from January 2003 until December 
2008 and performed uni- and multivariate analysis for morbidity and mortality, 
in particular to define the influence of MELD to these parameters. This study 
identified MELD score greater than 23 as an independent risk factor of morbid- 
ity represented by intensive care unit (ICU) stay longer than 10 days (odds ratio 
7.0) but in contrast had no negative impact on mortality. Furthermore, we identi-
fied transfusion of more than 7 units of red blood cells as independent risk fac-
tor for mortality (hazard ratio 7.6) and for prolonged ICU stay (odds ratio [OR] 
7.8) together with transfusion of more than 10 units of fresh frozen plasma (OR 
11.6). Postoperative renal failure is a strong predictor of morbidity (OR 7.9) and 
postoperative renal replacement therapy was highly associated with increased 
mortality (hazard ratio 6.8), as was hepato renal syndrome prior to transplanta-
tion (hazard ratio 13.2). This study identified MELD score greater than 23 as 
an independent risk factor of morbidity represented by ICU stay longer than 10 
days but in contrast had no negative impact on mortality. This finding supports 
the transplantation of patients with high MELD score but only with knowledge of 
increased morbidity.
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Coagulation and inflammation

Background: 
Activation of PAR1 through endothelial protein C co-receptor (EPCR) bound 
recombinant activated protein C (APC) became the first licensed and thera-
peutically used compound improving outcome in patients suffering from se-
vere sepsis. Surprisingly APC was found to be more efficient in patients with 
severely decreased plasma clotting factor concentrations. We hypothesized 
that clotting factor X is a competitor for the APC-EPCR interaction and that this 
would prevent APC from activating PAR1. 
Methods: 
CHO-K1 cells either stably over expressing human EPCR or a mock protein 
were tested for binding APC and clotting factor X. Similarly, endothelial cells 
natively expressing EPCR where used together with EPCR blocking antibod-
ies and siRNA targeting EPCR. We examined if binding to EPCR is required 
for factor Xa and APC to i) cleave PAR1, ii) to signal through PAR1 and iii) to 
mediate biological effects such as enhancing the endothelial barrier function. 
Results: 
Xa binds to over-expressed EPCR similarly to APC albeit with slightly lower af-
finity. Availability of natively expressed EPCR was found to be essential for Xa 
and APC to cleave and activate PAR1 as well as to mediate biological effects 
such as enhancing the endothelial barrier function. 
Conclusion:
In endothelial cells the availability of EPCR is required that APC and Xa can 
cleave PAR1. Biologically relevant effects such as enhancing the endothelial 
barrier function are also mediated in a endothelial protein C (co-) receptor 
dependent manner. Since Xa and APC bind to EPCR with a similar affinity the 
relatively high physiological plasma concentration (200nM) of clotting factor X 
might well interfere with therapeutically used APC for which the plasma levels 
do not exceed 1nM. 
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Figure 2: Xa decreases the endothelial barrier permeability dependent on the availability of EPCR: EA.hy926 
endothelial cell monolayers were pretreated with a control or a EPCR blocking (RCR252) antibody  before a 3 
hour incubation without agonist or with Xa or PAR2 agonist peptide (PAR2 AP). Macromolecular permeability of 
labeled albumin through the endothelial monolayer was quantified thereafter. N=9, P<0.05

Figure 1: BEGR labelled active site blocked proteases APC and activated X (Xa) similarly bind to over-expressed 
and natively expressed EPCR: (A) Dose dependent binding of APC and Xa was quantified in either native CHO 
K1cells or cells over-expressing a control protein or EPCR. (B) Dose dependent binding of APC and Xa to 
EA.hy926 endothelial cells natively expressing EPCR (control) and after knock down with siRNA. N=9 per point.

n Prof. Dr. Ch. Renner, Klinik für Onkologie, UniversitätsSpital Zurich,   
 Switzerland
n Prof. M. Riewald MD, Department of Immunology and Microbial Science,  
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  UniversitätsSpital Zurich, Switzerland
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2.6. Surgical Intensive Care Medicine

The utilization of laboratory mice in surgical research has been continuously 
increasing over the years, in particular due to the availability of a magnitude of 
genetically modified mouse lines. The optimization of data output from existing 
and the creation of new surgical models in this species requires development 
of safe, hours-long anaesthesia as well as effective pain relief. Owing to their 
small size, high metabolic rate, lack of easily accessible arteries and veins 
and several other species-specific and/or genetically induced properties, mice 
represent an anaesthetic challenge. Thus, the goal of our research in this field 
is to develop reliable anaesthetic protocols for the use in laboratory mice.

In addition we are working on post-operative pain and analgesia. In mice, a clear 
definition of pain and stress still sparks controversy. Currently there are only 
few signs that may hint on mild and moderate grade pain and/or suffering in the 
mouse. As the diagnosis of pain is the basis of effective pain relief in animals, 
the few analgesic regimens currently used for mice often do not meet the 
needs of this species. Therefore we are currently working on the identification 
of reproducible and sensitive indicators of post-surgical pain in laboratory mice. 
With the use of these indicators, we intend to investigate the efficacy of common 
analgesic regimens in order to optimize post-operative pain therapy (e.g.,  
adaptation of dosages and/or administration intervals). In addition, we plan to 
establish new, efficient and useful protocols for pain relief treatment in mice 
(e.g., administration of new agents, administration of drugs with the drinking 
water or with mini pumps). 

In summary, targeted in-depth research in the field of laboratory animal  
anaesthesia and the alleviation of post-operative pain undoubtedly contributes 
to the improvement of techniques in surgical research and enhances our ethical 
responsibility towards animals used in science.

Isoflurane and sevoflurane provide equally effective anaesthesia in
laboratory mice
Cesarovic N, Nicholls F, Rettich A, Kronen P, Haessig M, Jirkof P, Arras M

Isoflurane is currently the most common volatile anaesthetic used in laboratory 
mice, whereas in human medicine the more modern sevoflurane is often used 
for inhalation anaesthesia. This study aimed to characterize and compare the 
clinical properties of both anaesthetics for inhalation anaesthesia in mice. In 
an approach mirroring routine laboratory conditions (spontaneous breathing, 
gas supply via nose mask, preventing hypothermia by a warming mat) a 50 
min anaesthesia was performed. Anaesthetics were administered in oxygen 
as carrier gas at standardized dosages of 1.5 minimum alveolar concentra- 
tions, which was 2.8% for isoflurane and 4.9% for sevoflurane. Both induction 
and recovery from anaesthesia proceeded quickly, within 1-2 min. 
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During anaesthesia, all reflex testing was negative and no serious impairment of 
vital functions was found; all animals survived. The most prominent side-effect 
during anaesthesia was respiratory depression with hypercapnia, acidosis and 
a marked decrease in respiration rate. Under anaesthesia, heart rate and core 
body temperature remained within the normal range, but were significantly  
increased for 12 h after anaesthesia. Locomotor activity, daily food and water 
consumption and body weight progression showed no abnormalities after anaes- 
thesia. No significant difference was found between the two anaesthetics. In 
conclusion, isoflurane and sevoflurane provided an equally reliable anaesthe-
sia in laboratory mice.

Figure 1) Heart rate, core body temperature and respiration rate during 50 minutes of anaesthesia with isoflur- 
ane or sevoflurane. Anaesthesia was induced for 2 minutes in an induction chamber and then maintained with a 
nose mask. Animals breathed spontaneously while lying on a water-driven warming mat (39°C) to preserve core 
body temperature. The grey areas indicate the normal values at the corresponding time of day, when animals 
are conscious but mostly resting. Data represent the mean values of 8 mice; bars represent standard deviation.
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Figure 2) Post-anaesthetic measurements of the impact of isoflurane and sevoflurane on heart rate, core body 
temperature and locomotor activity. Delta (Δ) values represent the deviation from normal values (established prior 
to anaesthesia) at the corresponding 12-hour day and night time. Data represent the mean from 8 mice; bars 
indicate standard deviation. Compared to normal levels, the elevation of heart rate and core body temperature 
was significant at 0-12 hours after anaesthesia (ANOVA with Bonferroni post hoc tests, p≤0.05).



Detection of persistent pain of a mild-to-moderate degree in laboratory mice 
is difficult because mice do not show unambiguous symptoms of pain or suf-
fering using standard methods of short-term observational or clinical moni-
toring. This study investigated the potential use of burrowing performance –  
a spontaneous and highly motivated behavior – as a measure of post-operative 
pain in laboratory mice. The influence of minor surgery on burrowing was inves-
tigated in adult C57BL/6J mice of both genders in a modified rodent burrow- 
ing test (displacement of food pellets from a pellet-filled tube) within the ani-
mal’s home cage. Almost all (98%) healthy mice burrowed (mean latency 1.3 h, 
SEM 0.5 h). After surgery without pain treatment, latency of burrowing was sig-
nificantly prolonged (mean Δ latency 10 h). Analgesic treatment using the non-
steroidal anti-inflammatory drug carprofen (5 mg/kg bodyweight) decreased 
latency of burrowing after surgery (mean Δ latency 5.5 h) to the level found 
in mice that had been anaesthetized (mean Δ latency 5.4 h) or had received 
anaesthesia and analgesia (mean Δ latency 4.6 h). Analgesia during surgery 
was associated with a significantly earlier onset of burrowing compared to 
surgery without pain treatment. A distinct gradation in burrowing performance 
was found ranging from the undisturbed pre-operative status to the intermed- 
iate level following anaesthesia/analgesia and surgery with analgesia, to the 
pronounced prolongation of latency to burrow after surgery without pain relief. 
In conclusion, post-surgical impairment of general condition, probably mainly 
attributable to pain, can be conveniently assessed in laboratory mice on the 
basis of the burrowing test.

Burrowing behavior as an indicator of post-laparotomy pain in mice
Jirkof P, Cesarovic N,  Rettich A, Nicholls F, Seifert B, Arras M

Figure 3) Experimental setup. Burrowing test apparatus (A), shelter (B), and nesting material (C) in home cage.
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Figure 4) Percentage of mice/hour that started burrowing at baseline vs. experimental conditions. Healthy 
mice started burrowing immediately, mostly within 1 h (baseline). Between-treatment differences were greatest  
between hours 7 and 9.

n Institute of Laboratory Animal Science, Vetsuisse Faculty, University of  
 Zurich, Dr. P. Cinelli, Dr. G. Fischer, Dr. P. Pelczar, Prof. K. Bürki
n Department of Pediatrics, Endocrinology, University Children`s Hospital  
 Zurich, Dr. S. Wüest, PD Dr. D. Konrad 
n Institute of Veterinary Physiology, University of Zurich, Prof. Dr. J. Vogel 
n Department of Gastroenterology and Hepatology, University Hospital   
 Zurich, K. Leucht, PD Dr. M. Hausmann 
n Institute of Neuropathology, University Hospital Zurich, P. Dametto,
 Prof. Dr. A. Aguzzi 
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3.1 Surgical Skill Laboratories

Surgery requires a number of practical and manual skills that can be trained 
in skill laboratories. In our facilities which are open to all members of the 
department we provide a number of tools and machines in a surgical 
environment. To perform operations under conditions similar to the clinical 
situation, technical help is provided by our staff which is also responsible for 
the maintenance of our facilities. 
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The laboratory for Histology provides a histological work-up from preserved 
specimen to sectioning and staining. The laboratory contains an embedding 
machine, several microtomes and staining devices. Several techniques 
including paraffin embedded, frozen and plastic embedded tissue can be 
processed.

3.3 Histology

The microsurgery laboratory is a seperate section in which several operating-
microscopes are available to all members of the department requiring special 
equipment. Maintenance of this laboratory includes all aspects of preparation 
of surgical instruments, sterilization and handling of waste materials. In 
addition, an intravital microscope including video equipment is available. This 
facility also provides for histological work-up.

3.2 Microsurgical Laboratory
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Laboratories

Microsurgical Laboratory

Histology

Photo and Graphic

Administration and 
Teaching Coordination

Services

PD Dr. med. vet. 
Margarete Arras
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Lea Schütz-Cohen,
Photographer

Nico Wick,
Photographer

3.4 Photo and Graphic Services

A quick, flexible, versatile and professional service.

Carol De Simio,
Scientific
Illustrator

Stefan Schwyter,
Scientific
Illustrator

We offer
n	photographic documentation of patients and events
n	technical photography, on location or in our well equipped studio
n	reproductions from any original
n	layout of printing matters
n	preparation of files for external printing 
n print service
n	cutting and converting of movie-files for presentation
n	graphic and design of illustrations for papers and books
n	construction and maintainance of websites
n	maintainance of the digital image archives



3. 5 Administration

n	Administrative office management
n	Financial accounting of the Research Divison
n	Organisation, planning and coordination of Workshops and vocational
 training
n	Workshop, tutorials and seminars
n	Quarterly reports
n	Meeting organisation and coordination 
n	Personnel administration

3. 6 Teaching Coordination

n	Coordination and organization of the learning and teaching units in the
 Department of Surgery from 1st to 6th years of study including lectures and
 clinical courses in the compulsory part of the curriculum as well as in the  
 electives.
n	Coordination and organization of the clinical rotations during the 5th year  
 of study.

 The work is done in cooperation with the University of Zurich and the  
 University Hospital Zurich  for the Department of Surgery.

Corinne Renold 
Teaching Coordination
Division of Surgical 
Research

Susanne Frehner
Administration 
Division of Surgical 
Research

Donata Gröflin
Teaching Coordinator
Division of Surgical 
Research 
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4. Events and Workshops at the Division of  
 Surgical Research in 2010

9th Day of Clinical Research

Sewing class

Goodbye Wolfgang Moritz

Sewing course



Christmas party

Microsurgery course

Aesculap sewing course for medical students
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6. Grants    2010

Grants  Title of Project Project Leader

Swiss National Science Foundation Advanced Cell Therapies for Cardiac Repair-SPUM S.P. Hoerstrup
Swiss National Science Foundation Characterization / evaluation & cell fate in vivo analysis S.P. Hoerstrup
  of fetal stem cells used for CV TE applications 
Commission of the European  Living autologous heart valves for MIV implantable S.P. Hoerstrup
Communities procedures 
Zurich Center for Integrative Human Vulnerable atherosclerotic plaques - early detection S.P. Hoerstrup
Physiology Grant 2006-2010 functional imaging, targeted treatment 
Wolfermann-Nägeli-Foundation The role of M-band in the striated muscle sarcomere I. Agarkova
ETHZ Nanomaterial Stem Cells S.P. Hoerstrup
Roche Research Foundation Sarcomere remodeling in the failing heart: R. Schönauer
  implications for the disease mechanism 
Fakultät der Universität Zürich Sarcomeric M-band as a novel marker for the remo- R. Schönauer
  delling process in cardiomyopathy 
National Competence Center of  Klinik für Herz- und Gefässchirurgie - Lead J. Grünenfelder
Research  Cardiac Robotic Surgery Switzerland
CO-ME Robotics in Cardiovascular Surgery G. Zünd
   J. Grünenfelder
Atricure inc. Cosgrove Gillinov Clip Studie S. Salzberg

Cardiac Surgery



Visceral & Transplant Surgery

Grants Title of Project Project Leader
Hepatobiliary laboratory
Swiss National Science Foundation Small-for-size liver transplantation: platelets and P.A. Clavien
  platelet-derived serotonin in the ischemic and 
  regenerating liver 
Swiss National Science Foundation Hypothermic oxygenated perfusion (HOPE) of non- P. Dutkowski
  heart beating donor livers prior to transplantation
Swiss National Science Foundation Multicellular tumor spheroids derived from esophageal  P. Schneider
  cancer cell lines as a model system to characterize 
  chemo- and radiation sensitivity and resistance 
Swiss National Science Foundation Reversible portal vein embolization for safer liver  M. Lesurtel
  surgery and transplantation 
Swiss National Science Foundation Serotonin and regeneraton in the normal, old and  P.A. Clavien
  diseased liver 
Sophienstiftung Mechanism of human liver regeneration after major  H. Petrowsky
  hepatectomy and portal vein ligation using gene  P.A. Clavien
  microarray technology 
Edoardo R., Giovanni, Giuseppe  Serotonin antagonist Serotonin-Antagonist in  C. Soll
und Chiarina Sassella-Stiftung hepatocelleulra Carcinoma P.A. Clavien
Roche Organ Transplantation  Protective mechanisms of pentoxyfilline for small-for-size H. Petrowsky
Research syndrome: examinations of human serum and liver  P.A. Clavien
  tissue samples.
Hartmann Müller Stiftung Serotonin in der Magensäuresekretion P. Kirchhoff
   P.A. Clavien
ETH Zurich as the Swiss leading Sino-Swiss Science and Technology Cooperation Y. Tian
house for the SSSTC  P.A. Clavien 
Sassella-Stiftung Adjuvant gemcitabitabine versus neoadjvant gemcitbine S. Heinrich
  / oxaliplatin and adjuvant chemotherapy with gemcita- P.A. Clavien
  bine in patients with resectable pancreatic cancer
Olga Mayenfisch Stiftung Versagen der Leberregeneration nach ausgedehnter  K. Lehmann
  Leberresektion als Ursache des "Small-for-Size  P.A. Clavien
  Syndroms"
Pancreatitis Laboratory  
Swiss National Science Foundation The role of COX-2 in chronic pancreatic inflammation R. Graf
  and fibrosis 
Swiss National Science Foundation Role of serotonin in inflammation, repair and regene- R. Graf
  ration of the pancreas 
Gottfried und Julia Bangerter Serotonin in pancreas  A. Silva
Rhyner-Stiftung  R. Graf
Amélie Waring Stiftung Chronische Pankreatitis R. Graf
Velux Stiftung The role of macrophages in chronic pancreatic R. Graf
  inflammation 
Collaborative Grant  
Swiss National Science Foundation Metal nanomagnets in medicine - towards single cell B. Beck-Schimmer
NFP 64 surgery W. Stark
   P.A. Clavien
   R. Graf
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Grants  Title of Project Project Leader
Swiss National Science Foundation Characterization of the vascularization of skin grafts, N. Lindenblatt
    skin substitutes and biomaterials in vivo and identifi-
    cation of the vascular mechanisms 
Hartmann Müller-Stiftung  Tendon repair in hand surgery  J. Buschmann
Wolfermann-Nägeli-Stiftung  Tendon repair in hand surgery  J. Buschmann
Fonds für Medizinische Forschung - Tendon repair in hand surgery J. Buschmann
Universität Zürich
Helmut Horten Stiftung  „Role of exogenously administred recombinant ery- C. Contaldo
    thropoietin in plastic surgery“ P. Giovanoli
Elite-med Stiftung Zürich  Microcirculation study C. Contaldo

Plastic Hand & Reconstructive Surgery

Grants  Title of Project Project Leader
AO Research Fund  Assessment of soft-tissue and periosteal micro- G. Wanner
    circulation in severly open fractures using othogonal 
    polarization spectral imaging

Trauma Surgery



Grants  Title of Project Project Leader
Swiss National Science Foundation Immune targeted therapy for lung cancer S. Hillinger
Swiss National Science Foundation Trachea reconstruction using novel tissue engineered W. Weder
  constructs 
Swiss National Science Foundation The role of CD26/DPP IV and SDF-1 in pulmonary W. Jungraithmayr
  ischemic injury in a mouse lung transplantation model 
Krebsliga Zürich Prognostic markers for malignant pleural mesothelioma I. Schmitt-Opitz
Krebsliga Zürich Establishment of an integrated tumor tissue platform W. Weder
  and its application for comprehensive analyses of
  molecular parameters in lung tumors 
Krebsliga Zürich Adjuvante intrapleurale Spüllösung nach Pleuropneu-
  monektomie beim malignen Pleuramesotheliom I. Schmitt-Opitz
Fellowship European Society of  Intrapleural therapy after surgery for malignant pleural I. Schmitt-Opitz
Medical Oncology mesothelioma 
Lungen Liga Attenuation of ischemia-reperfusion injury by  I.Inci
  N-Acetylcysteine after lung transplantation 
Lungen Liga Reconditioning of category 3 non-heart beating donor I.Inci
  lungs insulted to gastric aspiration: Utilization of ex 
  vivo lung perfusion system 
Dr. U. Arnold and Susanne  Activity based protein profiling in human lung cancer S. Arni
Huggenberger-Bischoff Stiftung zur biopsies
Krebsforschung   
Krebsliga Zürich Preclinical pharmacocinetic study for evaluation of  I. Schmitt-Opitz
  intrapleural treatment with Cisplatin-fibrin after pneu-
  monectomy for malignant pleural mesothelioma 
Becon AG Prognostische Marker für das maligne Pleurameso- I. Schmitt-Opitz
  thelioma W. Weder
Matching Fund Prognostic Marker for Malignant Pleural Mesothelioma I. Schmitt-Opitz
Matching Fund Activity based protein profiling in human lung cancer W. Weder
  biopsies 
Krebsliga Zürich Activity based protein profiling in human lung cancer S. Arni
  biopsies

Thoracic Surgery
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Grants   Title of Project Project Leader
The Swiss Competence Centre  “Three Dimensionally Designed Cell Cultures Prof. Janos Vörös
for Materials Research and   Consisting of Microstructured Cell-sheets and Prof. Franz E. Weber
Technology (CCMX), Education   Polymer Layers for Tissue Engineering
and Research Unit (ERU)
SNF    Functional testing of diarthrodial joint soft tissues  Prof. Luigi Gallo
     with in vivo acquired anatomical and kinematic Prof. Franz E. Weber
     information.
SNF   Artificial mesenchymal progenitor cell niches for  Prof. Mathias Lütolf  
     Bone tissue engineering Prof. Franz E. Weber
SNF   Synthetic biomimetic hydrogels for dual delivery  Prof. Franz E. Weber
     of growth factors and their enhancers
Arbeitsgemeinschaft   Hydrogel-titanium composites for mandibular Prof. Franz E. Weber
Osteosynthese (AO)   reconstruction
EU-Grant   BIOMIMETIC NANO-FIBER-BASED NUCLEUS Dr. Helder (Amsterdam) 
FP7-NMP-2009-SMALL-3   PULPOSUS REGENERATION FOR THE Prof. Franz E. Weber 
     TREATMENT OF DEGENERATIVE DISC DISEASE

Cranio-Maxillofacial Surgery Research

Urological Research
Grants  Title of Project Project Leader
SNF Projektförderung  „Generation of a Recombinant Vaccinia Virus encoding M. Provenzano
    immunogenic BKV Large T antigen epitopes
SNF SCORE Förderung  Muscle Precursor Cells for the treatment of Urinary D. Eberli
    Incontinence
Matching Fund des USZ  Muscle Precursor Cells for the treatment of Urinary D. Eberli
    Incontinence
Eleonoren Stiftung  Innervation of Tissue Engineered Bladder Constructs D. Eberli
    for Functional Reconstruction
Forschungskredit UZH  Characterization of CTL immune activitiy against p53- G. Sais
    binding regions of BKV large T antigen in BKV sero- M. Provenzano
    positive prostate caner patients 
Forschungskredit UZH  Adult Muscle Progenitor Cells for Clinical Applications: M. Stölting
Stiftung für med. Forschung  Function, Safety and Interactions D. Eberli
EMDO Stiftung  Adult Muscle Progenitor Cells for Clinical Applications: M Stölting
    Function, Safety and Interactions D. Eberli
Hartmann Müller Stiftung  Interaction between Adult Stem Cells (ASC) and pre- M Stölting
    existing Cancer in Tissue Engineering D. Eberli
Fonds für med. Forschung  Adult stemm cells for the treatment of bladder hyper- M. Tremp
    contractility D. Eberli
Max&Hedwig Niedermaier-Stiftung Adult stemm cells for the treatment of myogenic M. Tremp 
    bladder voiding dysfunction D. Eberli
Sexual Medicine’s (ESSM) Grant  “Intracavernosal bone Marrow-derived mesenchymal A. Müller
for Medical Research   stem cell therapy combined with tadalafil administration
    for the recovery of erectile function after cavernous 
    nerve injury”
    In Cooperation with the Department of Urology of the
    University Hospital Puerta de Hierro in Madrid, Spain



Grants  Title of Project Project Leader
Swiss National Science Foundation Improvement of therapy in patients with severe J. Stover
    traumatic brain injury differential impact of local and
    systemic changes and routinely applied drugs 
Forschungs- und Nachwuchsförder- Role of PAR1 in vascular barrier regulation R. Schüpbach
preis der Universität Zürich
Hartmann Müller Stiftung  Role of PAR1 in vascular barrier regulation R. Schüpbach
Hartmann Müller Stiftung  Einfluss von Noradrenalin auf die Funktion isolierter J. Stover
    arterieller und jugularvenöser Thrombo bei intensiv-
    pflichtigen Patienten mit schwerem SHT 
UBS Wealth Management  Pathophysiologische Relevanz aktivierter Thrombo- J. Stover
    zyten und Einfluss von Noradrenalin auf die Funktion
    isolierter Thrombozyten nach schwerem Schädel Hirn 
    Trauma
Fresenius Kabi (Schweiz) AG  Early fluid resuscitation with balanced HES 130/0.4  M. Béchir
    [6\%] in severe burn injury
Fresenius Kabi (Schweiz) AG  Pharmakokinetische und pharmakodynamische 
    Charakterisierung der enteralen und parenteralen J. Stover
    Glutamin (GLN) Supplementierung bei intensivpflicht-
    igen Patienten mit schwerem Schädel Hirn Trauma 
SUVA Fonds  Improvement of therapy in patients with severe  J. Stover
    traumatic brain injury differential impact of local and 
    systemic changes and routinely applied drugs 
CSL Behring  Faktor XIII Substitution bei Patienten mit Naht- und M. Béchir
    Darm- Anastomoseninsuffizienzen - A randomized
    open interventional study
Diverse Stiftungen  Role of Anticoagulation in Cancer Cell growth R. Schüpbach
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n Benedikt Weber, MD PhD Student: 
 STAR Young Investigator Award, Society of Biomaterials, Seattle, USA,  
 2010
n Maximilian Emmert, Dr. med.:
 MRC Sandpit Award 2010, ETH Zürich: „Nanomaterials for Stem Cell   
 Based Cardiac Regeneration“
n Müller A, Donohue J, Kobylaz K, Paduch D, Tal R, Scardino P, Mulhall JP 
 Endothelial Pre-Conditioning: Sildenafil-prior to cavernous nerve injury in  
 the rat model: defining the optimal dosing and timing regimen for erectile  
 function preservation
 Best Poster 
 25th Anniversary EAU Congress, 16-20 April 2010, Barcelona, Spain 
 Poster Session 5: “Sex, testosterone and the prostate” 
n Müller A, Kobylarz K, Sulser T, Mulhall JP 
 Apoptotic protein profiling of cavernosal tissue following cavernous nerve  
 injury 
 1. Poster Preis 
 51st Kongress der Süd-West-Deutschen Gesellschaft für Urologie e.V. 
 13-15. Mai 2010, Landau, Deutschland
n ESMO Award
n Young Investigator Award 2010 from the International Mesothelioma   
 Interest Group 
n PD Dr.med. Stefan Breitenstein
 Senior Hepatology Prize of the Swiss Society of Visceral Surgery and of  
 the Swiss Society of Gastroenterology in Lausanne
n Dr. Christopher Soll
 Best oral presentation from the Association of Research in Surgery 
 (SGC Congress, Interlaken)

7. Awards    2010
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Sponsors:


