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Introduction

Scientists of nine clinics and institutes 
at the University of Erlangen-Nurem-
berg collaborate within the SFB 4�� in 
the field of experimental and clinical 
kidney research.

Our common goal is to gain new insights 
into mechanisms of injury and regeneration of renal tis-
sue and to develop novel approaches for diagnosis and 
therapy of kidney diseases.

With this objective, the SFB 4�� is the first and hitherto 
single collaborative research center funded by the DFG, 
that focuses on mechanisms of kidney disease. Also at 
the European level the SFB 4�� is one of only few re-
search centers specifically devoted to renal research.

With this brochure, we would like to outline the back-
ground of the SFB 4�� and to provide an overview 
of the projects carried out during the fourth funding 
period (�008-�0�0).

Prof. Dr. K.-U. Eckardt 
Coordinator of the SFB 4�� 
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Background

Acute and chronic kidney diseases have an increasing 
medical and social economic relevance. In Germany 
alone approximately ��,000 patients require perma-
nent renal replacement therapy, provided as dialysis 
or kidney transplantation. In addition to those with 
end stage renal disease, more than �0% of the world 
population presumably suffer from less severe kidney 
disease. There is a significant risk that this proportion 
will further increase with increasing life expectancy and 
increasing frequency of diabetes, one of the most im-
portant causes of chronic kidney disease.

Despite the relevance of chronic kidney disease, me-
chanisms of their development and progression remain 
incompletely understood. The reasons for this lack of 
knowledge are complex. One important issue is that 
the adverse consequences of chronic kidney disease 
on patient morbidity and mortality have only in recent 
years been fully recognized. In addition, the availability 
of renal replacement therapies implies the risk to ne-
glect studies addressing the pathophysiological basis 
and the development of new therapeutic approaches.

In view of the importance of kidney disease and the 
insufficient knowledge about the underlying basic me-
chanisms the German Research Foundation founded 
the collaborative research center SFB 4�� at the Uni-
versity of Erlangen-Nuremberg in �999, following an 
initiative of Professor R. B. Sterzel.

Several aspects have since then been of relevance for 
the SFB 4��:

• Combining the expertise of researchers with spe-
cial interest in the physiology and pathophysiology 
of the kidney.
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• Interdisciplinary collaborative approaches to address 
research questions related to kidney disease, inte-
grating disciplines for which kidney disease is not 
the primary focus.

• Intense collaboration between clinical researchers 
and basic scientists.

• A combination of molecular and cell biology, animal 
studies and patient oriented research.

•  Support of young investigators in renal research.

The research progress of the SFB 4�� is reflected by 
a significant number of publications, the presence of 
its investigators at international meetings as well as an 
increasing number of national and international colla-
borations and academic visitors.

On the basis of the SFB 4��, kidney research has  
been developed to an internationally recognized re-
search area that forms one of the four research focu-
ses at the University of Erlangen-Nuremberg.
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Project Area A  
 
Pathophysiology of renal cells and initial  
mechanisms of renal injury

Project area A encompasses 8 projects that focus on 
the pathophysiology and mechanisms of initial injury of 
glomerular and tubular cells.

The first project (A�) analyses mechanisms of initiation 
of lupus nephritis, in particular the role of anti-DNA  
autoantibodies and how they bind in the glomerulum 
and induce subsequent inflammation and damage. 
The second project (A�) deals with cell matrix inter-
actions in the mesangium and in the renal tubular 
interstitium focusing on the special role of α8 integrin. 
Project A�� is focusing on the regulation of the epi-
thelial sodium channel (ENaC) in distal tubular cells 
and addresses mechanisms which are potentially rele-
vant for the pathogenesis of secondary hypertension in 

patients with kidney disease. Two projects (A�4, A�6) 
deal with the regulation and pathophysiological rele-
vance of hypoxia inducible gene expression mediated 
by HIF transcription factors. Project A�4 focuses on 
studying the expression, regulation and functional re-
levance of HIF prolylhydroxylases, enzymes that are of 
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critical relevance for oxygen-dependent destabilization 
of HIF transcription factors. While one of the long term 
aims of this project is to validate the HIF pathway as 
a potential novel target for nephro protection, project 
A�6 deals with the adverse consequences of HIF over-
expression in renal cancer. Two genes that have been 
identified as being constitutively upregulated due to 
VHL loss of function in clear cell renal carcinoma which 
may play important roles in cancer progression,

are characterized in detail. Project A�� deals with 
the role of p�8MAPK during the development of rapid 
progressive glomerulonephritis and thereby attempts 
to identify a novel, drugable therapeutic target for this 
serious disease, which can so far only be treated with 
unspecific immunosuppression. The 8th project within 
this area (A�8) deals with the analysis of syndromal 
diseases characterized by congenital or infantile ne-
phrosis. Using complex genetic approaches, this pro-
ject aims to identify critical, pathogenetically relevant 
molecules that may also play an important role in non-
inheritable nephrotic diseases.
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Project Area B 
 
Pathomechanisms of progressive renal disease

Project Area B focuses on complex mechanisms that 
influence the progression of renal disease. These stu-
dies also aim to identify novel targets for intervention.

Project B� uses experiments in transgenic animals and 
studies in humans to assess endothelial dysfunction in 
the renal circulation to determine the role of oxidative 
stress for the progression of diabetic nephropathy. Pro-
ject B6 deals with the functional relevance of Throm-
bospondin � and � in the regulation of chronic kidney 
disease and during this funding period focuses on the 
impact of these molecules on chronic allograft nephro-
pathy. Two additional projects in this project area study 
different modulators of inflammatory processes.
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Project B�� deals with the functional relevance of re-
nal afferent neurons for mechanisms of inflammation 
and sclerosis within the kidney. This project combines 
complex neurophysiological investigations with the ap-
plication of pharmacological modulators of neurotrans-
mitter release and function. Project B�� deals with 
effects of intrauterine growth restriction and perinatal 
programming and reprogramming on the sensitivity to-
wards renal injury during subsequent development.

Project Area Z

Three core projects (Project Area Z) compliment and 
support the individual research projects. In addition to 
the administrative project (Z�) two projects focus on 
specific methodologies (Z� and Z�) in order to share 
resources, increase expertise and efficiency and foster 
collaboration between different projects. 

Project Z�, lead by Professor Amann, deals with quan-
titative morphological analysis. Project Z�, lead by Pro-
fessor Winkler, provides resources for the development 
of genetically modified animals. This project has beco-
me possible through combined efforts of the Medical 
Faculty at the Faculty of Science to establish a novel 
and modern concept for animal research and housing 
at the University of Erlangen-Nürnberg.

Project B�� deals with the functional relevance of re-
nal afferent neurons for mechanisms of inflammation 
and sclerosis within the kidney. This project combines 
complex neurophysiological investigations with the ap-
plication of pharmacological modulators of neurotrans-
mitter release and function. Project B�� deals with 
effects of intrauterine growth restriction and perinatal 
programming and reprogramming on the sensitivity to-
wards renal injury during subsequent development.

Project Area Z

Three core projects (Project Area Z) compliment and 
support the individual research projects. In addition to 
the administrative project (Z�) two projects focus on 
specific methodologies (Z� and Z�) in order to share 
resources, increase expertise and efficiency and foster 
collaboration between different projects. 

Project Z�, lead by Professor Amann, deals with quan-
titative morphological analysis. Project Z�, lead by Pro-
fessor Winkler, provides resources for the development 
of genetically modified animals. This project has beco-
me possible through combined efforts of the Medical 
Faculty at the Faculty of Science to establish a novel 
and modern concept for animal research and housing 
at the University of Erlangen-Nürnberg.

Project B�� deals with the functional relevance of re-
nal afferent neurons for mechanisms of inflammation 
and sclerosis within the kidney. This project combines 
complex neurophysiological investigations with the ap-
plication of pharmacological modulators of neurotrans-
mitter release and function. Project B�� deals with 
effects of intrauterine growth restriction and perinatal 
programming and reprogramming on the sensitivity to-
wards renal injury during subsequent development.

Project Area Z

Three core projects (Project Area Z) complement and 
support the individual research projects. In addition to 
the administrative project (Z�) two projects focus on 
specific methodologies (Z� and Z�) in order to share 
resources, increase expertise and efficiency and foster 
collaboration between different projects. 

Project Z�, led by Professor Amann, deals with quan-
titative morphological analysis. Project Z�, led by Pro-
fessor Winkler, provides resources for the development 
of genetically modified animals. This project has be- 
come possible through combined efforts of the Medical 
Faculty and the Faculty of Science to establish a novel 
and modern concept for animal research and housing 
at the University of Erlangen-Nuremberg.
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Systemic lupus erythematodes (SLE) is a multisystemic 
autoimmune disease and glomerulonephritis is one of 
the most serious manifestations of the disease. The 
incidence of glomerulonephritis in SLE patients is about 
40-60%. The nephritis that accompanies SLE is thought 
to be mediated by immune complexes that deposit in 
the kidney and initiate an inflammatory response lea-
ding to organ damage and failure. 

The disease is further characterized by the presence of 
antibodies directed against a wide variety of autoanti-
gens, of which the most important are those to native 
(double-stranded) DNA. The presence of anti-dsDNA 
antibodies correlates with nephritis in both human 
patients and mice with a spontaneous lupus like disea-

se. Antibodies to dsDNA 
are often found in renal 
deposits, and murine as 
well as human monoclo-
nal anti-DNA antibodies 
can induce nephritis by 
adoptive transfer. The 
mechanisms that lead to 

Research Project A1 

Molecular mechanisms of glomerular deposition 
of anti-DNA autoantibodies and their relevance in 
the pathogenesis of lupus nephritis

Principal investigator

Prof. Dr. rer. nat. Thomas Winkler

Section Hematopoiesis, Department of 
Genetics, Nikolaus-Fiebiger-Center for 
Molecular Medicine
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the deposition of anti-DNA antibodies in the glomerulus 
are not clear. During the last funding period of the SFB 
4��, work in our laboratory has concentrated on the 
mechanisms responsible for the deposition of the human 
anti-dsDNA autoantibodies in the kidney. Intravenous 
injection of affinity-purified antibodies in normal mice 
revealed that the serum half-life of the antibody was on 
average ten times shorter than that of a control antibody 
of the same isotype. Histologically, the human IgG was 
detected in distinct areas in the majority of the glome-
ruli. Counterstaining for different laminins (with specific 
antibodies obtained from the laboratory of L. Sorokin) 
strongly suggested that the antibody was deposited in 
the mesangium of the glomerulus and not in the glome-
rular basement membrane. Glomerular IgG deposits in 
a mouse model for the diffuse proliferative glomerulone-
phritis were also colocalizing with mesangial matrix, and 
not with the laminin alpha-� in the glomerular basement 
membrane (see Figure). 

Our working hypothesis is that the binding of anti-DNA 
antibodies in the mesangium initiates and perpetuates 
a series of events, accounting for mesangial matrix ex-
pansion, inflammatory cell infiltration, and phenotypic 
characteristics of lupus nephritis.

Our specific aims are

�. To elucidate the cellular targets of nephritogenic 
anti-dsDNA in the glomerulus, i.e. to determine   
whether the nephritogenic antibody interacts with 
glomerular endothelial or mesangial cells and/or 
their cellular products.

�. To map the epitope recognized by nephritogenic anti-
dsDNA antibodies.

�. To examine the early consequences of nephritogenic 
antibody binding to glomerular endothelial and/ or 
mesangial cells, i.e. proliferation, cytokine and chemo-
kine expression, and extracellular matrix synthesis.
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Typical features of progressive renal diseases are in-
creased and altered composition of extracellular matrix 
(ECM) and frequently hyperplasia of mesenchymal 
cells, such as mesangial cells. Initiation and control of 
these processes are not yet well understood. However, 
the integrin matrix receptors are known to play a pivo-
tal role in the regulation of cell proliferation and matrix 
accumulation. 

We were able to show that α8 integrin can regulate 
cell adhesion, migration, differentiation, survival and 
proliferation in vitro. Also, in vivo studies revealed a 
role for α8 integrin in conveying mechanical stability in 

Research Project A2 

α8 integrin-mediated cell-matrix-interactions in 
the mesangium of normal and diseased glomeruli 
and in tubulointerstitial injury

Principal investigator

PD Dr. rer. nat. Andrea Hartner

Department of Pediatrics
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Immunostaining of α8 integrin in 
glomeruli of kidneys.

tissues exposed to mechanical strain and in protection 
of the glomerulus from immunological injury. 

The objective of our studies is to gain new insights 
into the relevance of the α8 integrin receptor and its 
interaction with ECM ligands in the pathogenesis of 
renal diseases. The long-term goal of our investigati-
ons is the development of new strategies for improved      
diagnostics and therapy of renal diseases.
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Ion flux through the epithelial sodium channel (ENaC) 
is the rate limiting step for sodium absorption in the al-
dosterone sensitive distal nephron. The appropriate re-
gulation of ENaC activity is critical for the maintenance 
of body sodium balance and hence for the long term 
control of arterial blood pressure. This is evidenced 
by gain of function mutations of ENaC which cause a 
rare form of severe salt-sensitive arterial hypertension 
(Liddle‘s syndrome). Moreover, various primary renal 
defects may adversely affect ENaC regulation, while 
secondary kidney damage may result from arterial 
hypertension caused by an inappropriate increase in 
ENaC activity. 

The molecular mechanisms involved in ENaC regula-
tion are still incompletely understood and involve a 
complex network of regulatory proteins, kinases, and 
proteases (see figure). Proteolytic activation of ENaC 
may be pathophysiologically relevant in the context 
of inflammatory kidney disease and may contribute 

Research Project A12 

Regulation of the epithelial sodium channel (ENaC)

Principal investigator

Prof. Dr. med. Christoph Korbmacher

Institute for Cellular and  
Molecular Physiology
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to sodium retention in nephrotic syndrome. We use a 
combination of electrophysiological and molecular bio-
logical techniques to characterize the functional inter-
action of ENaC with regulatory proteins and to identify 
channel regions that are relevant for ENaC regulation 
by kinases and proteases. Moreover, we investigate 
the role of lipid microdomains (‘lipid rafts’) in the plas-
ma membrane for ENaC function and its association 
with regulatory proteins.  

A better understanding of the molecular mechanisms 
involved in ENaC regulation will hopefully provide novel 
insights into the pathophysiology of arterial hyperten-
sion in association with renal disease. This ultimately 
may lead to new diagnostic and therapeutic concepts.
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Hypoxia plays an important role in the pathophysiology 
of renal disease. Acute renal failure is associated with 
impaired oxygen supply due to a diminished blood flow, 
resulting either from a critical drop in renal perfusion 
or from direct injury to the renal vasculature. Chronic 
kidney disease is accompanied by glomerular hypoper-
fusion and rarefaction of postglomerular, peritubular 
capillaries. However, the underlying molecular mecha-
nisms and the consequences of oxygen deprivation in 
the kidney are still incompletely understood. In recent 
years, the transcription factor Hypoxia-Inducible-Factor 
(HIF) has been identified to play a major role in adaption 
of cells and tissues to low oxygen tensions. Two α-sub-
units, HIF-�α and HIF-�α, have been identified so far. 
We have characterized the expression of the HIF system 
in the kidney and found that HIF-�α is predominantly 

Research Project A14 

HIF-prolylhydroxylases in the kidney:  
expression, regulation and effects of inhibition

Principal investigator

Prof. Dr. med. Kai-Uwe Eckardt

Department of Nephrology  
and Hypertension

Principal investigator

PD Dr. med. Carsten Willam

Department of Nephrology  
and Hypertension
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expressed in tubular cells and HIF-�α in interstitial and 
glomerular cells. We have also shown that precondi-
tional activation of HIF prior to an acute injury confers 
protection in several models of renal disease.

Oxygen-dependent regulation of HIF stability is achieved 
through hydroxylation of specific prolyl residues by a 
family of oxo-glutarate dependent HIF-hydroxylation of 
specific prolyl residues (PHD �-�). A related enzyme, 
called factor inhibiting HIF (FIH) inhibits the transcrip-
tional activity of HIF in the presence of oxygen. To bet-
ter understand mechanisms of oxygen sensing in the 
kidney, the regulation of the HIF pathway and potential 
therapeutic targets, our project focuses on studying the 
expression and regulation of PHD �-� and FIH in renal 
cells and in models of acute and chronic kidney injury. 
Using a combination of in vitro and in vivo models, inclu-
ding the generation of transgenic mice we are charac-
terising the cellular expression and functional relevance 
of PHD �-� in tubular and glomerular cells. One of the 
goals of the functional studies is to assess the extent 
to which downstream effects of HIF can be mimicked 
by knock-down of PHD �, the prolyl-hydroxylase which 
is considered to be functionally most relevant. Since 
the dependence of PHDs and FIH on oxoglutarate as a 
co-substrate creates an interesting interface with the 
Krebs cycle, we are also testing whether analogues of 
different derivates of the Krebs cycle influence the acti-
vity of PHDs in vivo and in vitro. Our long term goal is to 
establish the HIF pathway as a clinically relevant target 
for the protection of kidney function.

Accumulation of HIF-1α in  
nuclei of tubular cells in the 
kidney.
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Survivin, a member of the family of “Inhibitor of Apop- 
tosis Proteins“ (IAP), is an important regulator of 
cellular division and survival. In the context of investi-
gations of renal cell carcinoma, we first noticed strong 
expression of survivin in healthy proximal tubular cells 
(particularly in the segments S� and S�), as well as 
a moderate expression in podocytes of healthy adult 
kidneys (Fig. �). These findings were confirmed with 
numerous antibodies and in three different species, 
including human. Furthermore, we were able to demon-
strate survivin mRNA expression in microdissected tubuli 
as well as survivin protein expression in kidney lysates 
detected by immunoblotting. To date however, it is not 
clear what function survivin fulfills in these cells. Since 
proximal tubular cells as well as podocytes normally 
show little or no proliferation, it is not clear what the 

Research Project A15 

The role of the antiapoptotic gene survivin in the 
kidney

Principal investigator 

PD Dr. med. Michael Wiesener

Department of Nephrology  
and Hypertension

Fig. 1: High expression of survivin in proximal tubular cells and moderate 
expression in podocytes of healthy adult rat kidneys. 
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physiological role of survivin in the kidney might be. 
Interestingly, we observed a predominant apical mem-
branous localisation of survivin in proximal tubules  
(Fig. �), which could point to yet unknown functions 
and a possible involvement in transport processes.

By studying human primary tubular cells we were able 
to confirm that survivin is functionally relevant for regu-
lation of cell cycle and apoptosis in these cells. There-
fore, it is possible that survivin has a role in survival and 
repair processes during the course of renal injuries, 
such as acute tubular necrosis.

The project is sectioned in five parts. The first two 
attempt to characterise the expression of survivin in 
different disease models of rodents as well as in human 
biopsies. We will investigate whether survivin could serve 
as marker for acute organ- or kidney injury. Our hypo-
thesis is that survivin could be detectable by ELISA in 
biological samples when severe cellular injury is pre-
sent. In a further part of the project we will characterise 
the membranous apical localisation of survivin in detail.  
Here careful histological studies, as well as cell cul-
ture and in vivo studies are planned to study cellular 
uptake. Finally, we will utilise the Cre-LoxP system to 
generate a kidney specific knockout of survivin in order 
to study functional effects.In summary, the project at-
tempts to define the role of survivin in the kidney, using 
complimentary descriptive, mechanistic and functional 
approaches.

Fig. 2: Localisation of survivin at the apical membrane of tubular cells. 
The right panel shows a redistribution of survivin to the cytoplasm after 
exposure to cisplatin indicating a functional change. 
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Renal cell carcinoma of the clear cell type is the most 
prevalent tumor disease of the kidney. Most of these 
tumors develop as a consequence of mutations of 
the tumor suppressor VHL (von Hippel-Lindau) which 
leads to the constitutive activation of the hypoxia-in-
ducible transcription factor HIF, and transcription of 
HIF target genes. 

To identify genes that play a functional role in the tu-
morigenesis of renal cell carcinoma we have performed 
Affymetrix DNA Microarray studies of tumor tissues and 
renal cell carcinoma cell lines. We have identified  

Research Project A16 

Functional characterization of VHL-regulated  
genes in renal cell carcinoma

Principal investigator 

Prof. Dr. rer. nat. Jürgen Behrens

Chair of Experimental Medicine II, Ni-
kolaus-Fiebiger-Center of Molecular 
Medicine

Cluster analysis of global 
gene expression in a panel of 
kidney carcinomas.
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Activin B, a member of the TGF β superfamily as a 
novel target of the VHL/HIF system which mediates 
the effects of VHL on cell adhesion and tumor cell 
invasion. Activin B is strongly repressed by VHL in RCC 
cells, and upregulated under hypoxia. Re-expression of 
wild-type VHL in VHL-deficient RCC cell lines increases 
cell adhesion to extracellular matrix, promotes cell flat-
tening and reduces invasiveness of the cells. 

Activin B is also highly upregulated in RCC as compa-
red to normal kidney. Downregulation of Activin B by 
siRNA in VHL-deficient cells can fully phenocopy the 
effects of VHL re-expression on cell adhesion and in-
vasion. 

Moreover, supply with recombinant Activin B protein 
suffices to re-establish invasiveness and reduce cell 
substrate adhesion in both Activin B knock-down and 
VHL reconstituted RCC cells.

Our data indicate that Activin B is a key mediator of 
the VHL/HIF induced malignant phenotype leading to 
increased invasiveness of the tumor cells. Currently 
we are focusing on the in vivo effects of Activin B on 
tumor development as well as hypoxia-dependent 
processes in the kidney. In addition, other genes 
identified in our initial screen are being further cha-
racterized as functional downstream effectors of the 
VHL/HIF system.
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Rapid progressive glomerulonephritis (RPGN) is a se-
vere form of glomerulonephritis (GN) which leads to 
renal failure in a short period of time if left untreated. 
The crescent formation in the diseased glomeruli re-
flects irreversible damage and can be recognized easily 
in histological sections. Current treatment for RPGN 
consists of unspecific immunosuppressive treatment 
such as corticosteroids and cyclophosphamide. Unfor-
tunately these drugs lead to a global reduction of the 
immune response with subsequent adverse effects. To 
offer a better and more specific therapeutic approach 
in the future it is indispensable to obtain further insight 
into the molecular regulation of crescent formation in 
RPGN.

The p�8 mitogen activated protein kinase (p�8MAPK) 
and its isoforms (α,β,γ,δ) are expressed in patients 

Research Project A18 

The role of p38MAPK  in rapid progressive  
glomerulonephritis

Principal investigator

Dr. med. Jochen Zwerina

Department of Rheumatology  
and Immunology

Principal investigator 

Prof. Dr. med. Georg Schett

Department of Rheumatology  
and Immunology
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with RPGN. Compared to healthy kidneys, p�8 is more 
phosphorylated and thus activated in RPGN kidney 
sections. The higher activation can be shown in the 
glomeruli itself and in tubular structures. Moreover 
there is a positive correlation between p�8MAPK, the 
number of crescents and proteinuria in the affected 
kidneys. The isoforms of p�8MAPK are differently ex-
pressed in inflamed tissue but p�8MAPKα seems to 
be the most interesting candidate for therapeutic inter-
vention, because it is expressed in all structures and 
cells which are involved in the development of RPGN.
Moreover in stimulated human podocytes p�8MAPKα 
is preferentially activated upon inflammatory stimuli.

The focus of our project is to better charaterize the func-
tional relevance of p�8MAPKα in an RPGN model and 
to evaluate this kinase as a possible therapeutic target.

Our specific aims are:

�. To map the expression pattern of the p�8MAPK iso-
forms in murine kidneys.

�. To define the role of p�8MAPKα in the development 
of experimental crescentic glomerulonephritis using 
wildtype and p�8MAPKα conditional knockout mice.

�. To determine the consequences of p�8MAPKα dele-
tion on chemokine and cytokine secretion as well as 
proliferative response in inflamed glomeruli of mice 
with experimental crescentic glomerulonephritis.
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Nephrotic syndrome generally results from a defect of 
the glomerular filtration barrier which is composed of 
the glomerular capillary endothelium, the glomerular 
basement membrane, and the podocyte foot proces-
ses. Nephrotic syndrome occurring in the first year 
of life commonly has a genetic basis, and inherited 
defects in various molecules playing key roles at the 
glomerular filtration barrier have been identified as 
underlying causes. However, the knowledge about in-
volved genes and pathomechanisms is still incomplete, 
particularly regarding some rare syndromic disorders 
in which glomerular kidney disease is associated with 
extrarenal manifestations. Our group has previously 
identified mutations of LAMB� as the cause of Pierson 
syndrome, which is characterized by early-onset ne-
phrosis, specific ocular abnormalities, and facultative 
neurological involvement. The gene product, laminin 
β�, is an essential component of the interface bet-
ween glomerular basement membrane and podocytes. 
A clinically overlapping disorder is Galloway-Mowat 
syndrome which is characterized by neurodevelopmen-
tal deficits, microcephaly, and early-onset nephrotic 
syndrome.

Research Project A19 

Molecular pathogenesis of syndromic diseases 
with congenital/infantile nephrosis

Principal investigator

PD Dr. med. Martin Zenker

Institute of Human Genetics
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Our project aims at further characterization of LAMB� 
mutations and the associated phenotypic variability. 
Another goal is the identification of genes underlying 
Galloway-Mowat syndrome. We are employing a 
combined positional and functional candidate gene 
approach based (�) on genome-wide linkage analysis 
in informative families and (�) on the assumption that 
genetic defects leading to Galloway-Mowat syndrome 
likely affect genes expressed in structures of the glo-
merular filtration barrier and molecules acting in the 
same pathways as those mutated in other nephrotic 
disorders. We have collected more than �0 families 
with Pierson syndrome and various mutations in the 
LAMB� gene, as well as more than �0 families with 
Galloway-Mowat or Galloway-Mowat-like syndromes.

The identification of genes responsible for Galloway-
Mowat syndrome will hopefully provide novel insights 
into molecules acting at the glomerular filtration  
barrier and into mechanisms shared by podocytes  
and neurons.
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Experimental data suggest that oxidative stress and 
endothelial dysfunction are key players in the pathoge-
nesis of diabetic nephropathy. In the last few years we 
were able to establish a method to assess endothelial 
function of the renal vasculature in humans and star-
ted to systematically study a variety of cardiovascular 
disorders known to be associated with endothelial dys-
function in other vascular beds, including hypertension, 
hypercholesterolemia and type-� diabetes. In patients 
with type-� diabetes we could demonstrate that de-
spite unaltered basal and stimulated NO-activity, the 
renal response to the antioxidant vitamin C was more 
pronounced compared to control subjects. These data 
suggest that oxidative stress is increased in the renal 
vasculature of diabetic patients. Furthermore, NO-ac-
tivity in diabetic patients appears to be upregulated to 

Research Project B5 

Role of oxidative stress for the progression  
of diabetic nephropathy

Principal investigator 

Prof. Dr. med. Roland E. Schmieder

Department of Nephrology  
and Hypertension

Principal investigator 

Dr. med. Markus Schneider

Department of Nephrology  
and Hypertension
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compensate for the increase in oxidative stress. This hy-
pothesis is supported by the demonstration of increased 
eNOS expression in kidney biopsies of diabetic patients.

More recently, we have shown that increased oxidative 
stress in the renal circulation is present very early in the 
course of the disease, as increased oxidative stress is 
already demonstrable in patients at high risk for type � 
diabetes. We have also shown that antioxidative treat-
ment strategies can reverse renal endothelial dysfunc-
tion in these patients. Our current research activities 
include the evaluation of the predictive role of oxidative 
stress in the renal circulation for the development of 
renal complications. In this context, we want to charac-
terize the molecular events associated with increased 
oxidative stress in the kidney, using mice with targeted 
deletion of pro- and antioxidative enzymes in a trans-
lational approach. Another major focus is on patients 
with type � diabetes which have already progressed to 
clinical renal disease. Based on the encouraging results 
with antioxidants, we aim at a reversal of renal endo-
thelial dysfunction and proteinuria in these patients.

Examination of endothelial 
function in forearm and kidney 
circulation.
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Chronic allograft nephropathy (CAN) is characterized 
by a chronic, slowly progressing fibrotic process, which 
is mediated by immunologic and non-immunulogic 
processes.  Numerous studies support that TGF-ß has 
an important role in the pathogenesis of CAN, showing 
timely and locally association of TGF-ß during deve-
lopment of CAN. Nevertheless, therapeutic strategies 
for a global blockade of TGF-ß are very problematic, 
since TGF-ß is essential for many vital processes as 
indicated by the early death of TGF-ß deficient mice. 
TGF-ß is usually secreted as a latent complex that 
has to be specifically activated before binding to its 
receptors. Recent in vitro and in vivo studies have 
identified the highly regulated matricellular glycoprotein 
Thrombospondin- � (TSP-�) as the major activator of 
the latent TGF-ß procytokine complex in experimental 
mesangial proliferative glomerulonephritis and diabetic 
nephropathy. Interestingly, Thrombospondin-� (TSP-�) 
competitively inhibits TSP-� mediated TGF-ß activation 
by binding but not activating latent TGF-ß. Beside its 
important function in TGF-ß activation, recent data 
identified TSP-� as an important antagonist of the 
NO-sGC-cGMP signal transduction pathway mediating 
ischemia/reperfusion damage in the kidney.  

Research Project B6 

The role and therapeutic modulation of  
Thrombospondin-1 and -2 during development 
of chronic allograft nephropathy

Principal investigator 

Prof. Dr. med. Christian Hugo

Department of Nephrology  
and Hypertension
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In this project both, endogenous and pharmacologic 
effects of Thrombospondin- � and � on cell regenera-
tion, capillary repair, fibrogenesis and inflammatory re-
action during development of CAN will be investigated 
using the ischemia/reperfusion model as well as kidney 
transplantation models. Hereby, long term overexpres-
sion of TSP-� or TSP-� as well as TSP-� or TSP-� gene 
deficient mice or tubular cells are used for in vitro and 
in vivo experiments. In addition, biopsies from human 
transplant recipients will be investigated. Selective 
regulation of TSP-� versus TSP-� during experimental 
CAN might selectively regulate TGF-ß activation or the 
NO-sGC-cGMP signal transduction pathway or MMPs.  

The different experiments regulating the balance of 
TSP-� to TSP-� in CAN are shown in the two figures 
below: 
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In recent years increasing evidence suggests a signi-
ficant interrelation between the autonomic nervous 
and the immune system. Astonishingly, the role of  
the renal autonomous innervation in inflammatory  
kidney disease was rarely if at all in the focus of re-
search efforts.

In a recent publication, we could show that the rat 
kidney is innervated by both tyrosine hydroxylase–po-
sitive sympathetic efferent nerve fibers and calcitonin 
gene-related peptide–positive primary afferent nerve 
fibers, both of which are found in proximity to macro-
phages and dendritic cells. Complete surgical bilateral 
renal denervation was performed � d before glomeru-
lonephritis was induced by injecting the monoclonal 
anti–Thy-�.� antibody OX-�. Denervation significantly 
reduced albuminuria, mesangiolysis, formation of 
microaneurysms, deposition of glomerular collagen 
IV, and expression of TNF-α compared with shamope-
rated controls. Accordingly, inflammation, identified 

Research Project B12 

Role of renal primary sensory neurons in renal  
inflammation and sclerosis

Principal investigator   

Prof. Dr. med. Roland Veelken 

Medical Clinic 4 
Department of Nephrology and  
Hypertension

Principal investigator 

Prof. Dr. rer. nat. Gisa Tiegs

Department of Experimental and Clinical 
Pharmacology and Toxicology
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by accumulation of interstitial macrophages and renal 
expression of TNF-α, and mesangial cell proliferation 
were significantly reduced. These findings indicate that 
autonomic renal denervation ameliorates and, by infe-
rence, innervation exacerbates acute inflammation in 
the kidney.

In neurophysiological experiments, the activity pattern 
of renal sympathetic nerve fibers was significantly 
altered in rats suffering from experimental nephritis as 
compared to SHAM controls. The activity of peptidergic-
positive primary afferent nerve fibers, that transmit 
neural input from the kidney to the central nervous 
system after chemical or mechanical stimulation thus 
putatively influencing central sympathetic outflow, exhi-
bited a reduced activity under these circumstances.

Peptidergic-positive primary afferent nerve fibers 
 turned out to be very complex and sophisticated neu-
ronal elements. They do not only transmit input to the 
central nervous system upon respective stimulation 
but do also release proinflammatory peptides like SP 
and CGRP into inflamed tissue. This phenomenon was 
seen in the skin or the liver and could also be observed 
by us in the kidney.

Neuronally released SP within the kidney is likely to act 
primarily on dendritic cells, that might aggravate renal 
inflammation. It was striking with respect to peptider-
gic-positive primary afferent nerve fibers in our experi-
ments, that in experimental glomerulonephritis these fi-
bers were neurophysiologically less active but exhibited 
a putatively increased release of neurogenic peptides.

We are now trying to integrate the various findings that 
we have observed in experimental glomerulonephritis 
with respect to the renal autonomous renal innervation, 
in order to eventually develop new therapeutic strate-
gies in the treatment of inflammatory kidney disease.
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Principal investigator 

Dr. med. Christian Plank

Department of Pediatrics

Principal investigator   

Prof. Dr. med. Jörg Dötsch

Department of Pediatrics

Intrauterine growth restriction (IUGR) is associated 
with an increased risk for the development of metabo-
lic syndrome, hypertension, cardiovascular and renal 
disease in later life. Epidemiological and experimental 
investigations have presented evidence that the pe-
rinatal environment can program body functions and 
diseases in later life. Besides the reduced nephron 
number and the contribution of the kidney in the deve-
lopment of arterial hypertension, IUGR contributes to 
a higher rate of renal failure in later life. Furthermore 
IUGR seems to be associated with a more severe 
course of specific kidney diseases, such as nephrotic 
syndrome and IgA nephropathy in children. The under-
lying mechanisms are under investigation.

Research Project B13 

Renal inflammation after intrauterine growth re-
striction: mechanisms of perinatal programming 
and reprogramming
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In IUGR models of the rat 
we could show a causal 
relationship between 
disruption in the intra-
uterine environment and 
an aggravated course of 
later renal inflammation in 
the anti-Thy�.� nephritis 
model. Interestingly, post-

natal hyperalimentation after IUGR seems to trigger 
basal renal inflammation and prefibrotic lesions in the 
kidney itself.

We currently test the hypothesis that not only changes 
in kidney structure, but also disturbed processes of in-
flammation and regeneration are key players in perina-
tal programming by IUGR in the kidney. Understanding 
the mechanisms of perinatal programming in renal 
inflammation might open new options for prevention 
and therapy.

Main aspects of the ongoing research work are:

�. The option of an temporary, early blockade of the  
renin-angiotensin-system to prevent or ameliorate 
renal inflammation after IUGR.

�. To establish the role of early tubulo-interstitial mo-
nocyte infiltration.

�. To determine the role of the renal mTOR system as 
possibly programmed link between intrauterine and 
postnatal energy supply on the one hand and renal 
mechanisms of proliferation and regeneration later 
in life on the other hand.
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Morphologic examinations play a decisive role in the 
analysis of kidney injuries and are able to substan-
tially contribute to the identification of the relevant 
processes. In addition to the qualitative description of 
kidney structure, quantitative analytical procedures are   
increasingly required to (i) provide quantifiable and 
objective estimates of the extent of structural changes, 
(ii) investigate the kinetics of structural changes and 
(iii) assess changes in the extent of structural changes 
in interventional experiments. Furthermore, state-of-
the-art technologies of gene expression analysis in 
connection with special morphologic procedures such 
as the laser-assisted microdissection, offer the possibi-
lity to examine changes in gene expression in defined 
renal compartments and cell populations. Quantitative 
structural analyses are also required to determine 
modifications of the phenotype and, thus, functional 
effects in genetically modified mice. The majority of 
projects within the SFB use such type of structural 
analyses to achieve their research objectives. 

Research Project Z2 

Quantitative structural analysis

Principal investigator  

Prof. Dr. med. Kerstin Amann

Division of Nephropathology
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To share resources, optimize work programs and 
guarantee a continuously high standard, quantitative 
morphological methods are bundled within this Z-pro-
ject, using equipment, established procedures and 
expertise in the Renal Pathology Unit of the Institute of 
Pathology.

The specific tasks of this core project include:

•  Morphometric and stereologic analysis of paraffin, 
semi-thin and ultra-thin sections.

•  Laser-assisted microdissection with subsequent 
 TaqMan PCR of different compartments of the kidney. 

In addition, consultancy and support for special ex-
aminations (e.g. non-radioactive in situ hybridization, 
immunoelectron microscopy or confocal laser scanning 
microscopy) as well as support for the establishment and 
management of the renal tissue database is provided.
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Nine sub-projects within the SFB already use geneti-
cally modified animals. Seven sub-projects within the 
SFB plan the generation of genetically modified mice 
to verify their hypothesis and concepts in vivo in mouse 
models. To increase the efficiency of the methodology 
and share resources, specific aspects of the generation 
of transgenic mice are bundled in this Z-project.

The specific tasks of this core project include:

•  Generation of genetically modified mice by means 
of pronucleus injection as well as of knock-in mice 
by means of blastocyst transfer of embryonic stem 
cells.

•  Genotyping and monitoring of the breeding of  
animals.

•  Establishment of an embryo bank, where mouse 
strains generated within the SFB 4�� and already 
available strains, which are of relevance in the context 
of experimental kidney research, are cryopreserved.

Research Project Z3 

Genetically modified

Principal investigator  

Prof. Dr. rer. nat. Thomas Winkler

Department of Genetics
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Two new and state-of-the-art animal laboratories are 
available to members of the SFB 4��. The BTE buil-
ding, which was opened in July �00�, accommodates 

barrier facilities for mice as well as laboratories for ani-
mal experiments. Here, small rodents (basically mice) 
are raised under SPF conditions, new mice stems are 
generated (pronucleus injection, blastocyst injection), 
embryo transfer is performed in available mouse strains 
and embryos are cyropreserved.

The Franz-Penzoldt Center, which opened in �00�,  
accommodates state-of-the-art rodent housing faci-
lities, facilities for primates, pigs and dogs. Genetic 
animal experiments (up to S�) as well as infection 
tests are possible. The building has also several labo-
ratories for animal experiments incl. operating theaters 
and imaging equipment.

Franz-Penzoldt Center

Biotechnologisches  
Entwicklungslabor
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Involved Clinics and Institutes

Nine Clinics and Institutes from the University Erlan-
gen-Nuremberg are involved in the Collaborative Re-
search Center SFB 4��: Medical Clinic 4 (Nephrology 
and Hypertension), Medical Clinic � (Immunology and 
Rheumatology), Pediatric Clinic, the Institute of Cellular 
and Molecular Physiology and four clinical-theoretical 
institutes (Chair of Experimental Medicine II, Institute 
of Human Genetics, Department of Pharmacology and 
the Department of Pathology).

Institutions involved in the SFB

•  Medical Clinic 4, Nephrology and Hypertension

•  Medical Clinic �, Rheumatology and Immunology 

•  Clinic of Pediatrics 

•  Institute of Cellular and Molecular Physiology

•  Department of Experimental Medicine II

•  Institute of Human Genetics

•  Department of Pharmacology

•  Department of Pathology

•  Department of Genetics
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Medical Clinic 4 
Nephrology and Hypertension 
Loschgestraße 8, 9�0�4 Erlangen 
Krankenhausstraße ��, 9�0�4 Erlangen

Medical Clinic 3 
Rheumatology and Immunology 
Glücksstraße 4a, 9�0�4 Erlangen 
Krankenhausstraße ��, 9�0�4 Erlangen

Clinic of Pediatrics 
Loschgestraße ��, 9�0�4 Erlangen

Institute of Human Genetics 
Schwabachanlage �0, 9�0�4 Erlangen

Institute of Cellular and Molecular  
Physiology  
Waldstraße 6, 9�0�4 Erlangen

Department of Experimental Medicine II 
Department of Genetics 
Glückstraße 6, 9�0�4 Erlangen

Department of Pharmacology 
Fahrstraße ��, 9�0�4 Erlangen

Department of Pathology 
Krankenhausstraße 8-�0,  
9�0�4 Erlangen



44

�6
0�

.c
om

 |
 �

08
40

8

SFB 423 

Coordinator

Prof. Dr. Kai-Uwe Eckardt 
Medical Clinic 4 
Nephrology and Hypertension 
Krankenhausstr. ��, 9�0�4 Erlangen
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