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Does digitoxin prolong life?   

Patients with heart failure or atrial fibrillation are often treated with 
cardiac glycosides (digitalis) such as digoxin or digitoxin. These ac-
tive substances increase the strength of the heartbeat and reduce 
excessively high heart rates. However, there is disagreement as to 
whether treatment with cardiac glycosides affects mortality and 
hospitalization rates: according to some analyses, these substanc-
es help, whereas others claim they are ineffective or even harmful. 
REBIRTH scientists have now discovered that these contradictory 
findings are due to experimental design and the method of analysis 
used. The major problem with these analyses is that, because of 
their age and secondary conditions alone, patients treated with car-
diac glycosides have a poorer prognosis in any case. The conclusion 
of many studies, namely that the prognosis was worsened by gly-
coside therapy, is not therefore valid. Moreover, a number of them 
were designed not to investigate the effects of these substances 
but for other purposes.

Publication 

Bavendiek U, Aguirre Davila L, Koch A, Bauersachs J. Assumption 
versus evidence: the case of digoxin in atrial fibrillation and heart 
failure. European heart journal. 2017. Epub 2017/01/10.

Proliferation influences  
endothelial cells

One function of endothelial cells is to form a barrier to keep out 
pathogens; they take up macromolecules and play a role in regen-
erating tissue and in vascularization. It is not yet known whether 
the properties of endothelial cells during cell multiplication (i.e. 
proliferation) are maintained. REBIRTH researchers have estab-
lished a special human endothelial cell line for which they can use 
an external stimulus to control and completely prevent prolifera-
tion. Among the findings of experiments using this cell line was 
that specific functions of endothelial cells differ depending on 
whether they are proliferating or non-proliferating and that the 
differentiated status of endothelial cells cannot be maintained 
during proliferation. Therefore, proliferation status substantially 
influences the functional properties of endothelial cells.

Publication

Lipps C, Badar M, Butueva M, Dubich T, Singh VV, Rau S, Weber A, 
Kracht M, Koster M, May T, Schulz TF, Hauser H, Wirth D. Prolifera-
tion Status Defines Functional Properties of Endothelial Cells. Cell 
Mol Life Sci. 2016. Epub 2016/11/18.

T cells prevent transplant failure  

Chronic lung allograft dysfunction (CLAD) is, in addition to infec-
tion, one of the main complications following lung transplants. 
Hannover Medical School’s (MHH) lung transplantation team 
now has two publications out showing that T cells can act against 
CLAD. The medical scientists investigated the quantity of regula-
tory T cells (Tregs) in 138 patients immediately before transplanta-
tion and up to 24 months afterwards. In those that did not develop 
CLAD, the team discovered a higher rate of specific Tregs – acting 
as a protective factor – only three weeks after transplantation. In 
the lab, they also explored the impact of different immune cells 
using a humanized mouse model developed for this purpose. They 
found that cell therapy using laboratory-propagated autologous 
T cells has potential as an approach for a future strategy to treat 
CLAD.

Publication
Salman J, Ius F, Knoefel AK, Sommer W, Siemeni T, Kuehn C, Tu-
dorache I, Avsar M, Nakagiri T, Preissler G, Hatz R, Greer M, Welte 
T, Haverich A, Warnecke G. Association of Higher Cd4+ Cd25high 
Cd127low , Foxp3+ , and Il-2+ T Cell Frequencies Early after Lung 
Transplantation with Less Chronic Lung Allograft Dysfunction at Two 
Years. Am J Transplant. 2016. Epub 2016/12/09.

Siemeni T, Knofel AK, Madrahimov N, Sommer W, Avsar M, Salman J, 
Ius F, Frank N, Buchler G, Jonigk D, Jansson K, Maus U, Tudorache I, 
Falk CS, Haverich A, Warnecke G. In vivo Development of Transplant 
Arteriosclerosis in Humanized Mice Reflects Alloantigen Recogni-
tion and Peripheral Treg Phenotype of Lung Transplant Recipients. 
Am J Transplant. 2016;16(11):3150-62. Epub 2016/10/28.
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Arteriosclerosis: 
prevailing  

wisdom called  
into question

A new theory from Professor Haverich: it is not blood 
lipids but impaired blood supply to the arterial wall that 
leads to deposits on inner vascular walls and gives rise 

to arterial calcification (i.e. arteriosclerosis)

How does arteriosclerosis develop? According to the pre-
vailing school of thought held for decades now, the arteries 
‘calcify’ because fats in the blood build up on the inner wall 
of the blood vessels. By way of an immune-system response, 
plaque forms here, which may (over time) block the vessel. 
Most commonly, the consequence is a heart attack – if the 
coronary arteries are obstructed – or a stroke. However, 
cardiac surgeon Professor Axel Haverich, director of the 
Department of Cardiothoracic, Transplantation and Vascular 
Surgery, puts forward a quite different theory in the journal 
Circulation: the origin of these fatty deposits is not the blood 
but dead cells from the vascular wall, of which they are the 
remnants.

An infarction of the arterial wall 

Even blood vessels need blood vessels: arterial walls require 
their own oxygen and nutrient supply. As children grow, a 
network of tiny blood vessels that fulfils this purpose – the 
Vasa vasorum – forms in the outer arterial walls. If they 
close, cells die (especially those in the middle layer of the 
wall) and an infarction affecting the arterial wall occurs. The 
most frequent causes of these occlusions of the Vasa vaso-
rum are inflammatory reactions triggered by viruses, bacte-
ria or particulate matter; another is harmful fatty particles 
consisting of oxidized LDL cholesterol. Less common are 
nerve-related or traumatic causes. The dead cells, including 
fatty residues derived from the cell walls, are now broken 

Arteriosclerosis develops: if one of the minute capillaries that 
make up the Vasa vasorum (the network supplying the arterial 
wall) is obstructed – by viruses, bacteria, particulate matter or 
cholesterol, for example – the ‘supply line’ to the wall’s cells is 
cut off, and these cells die. When they are broken down, plaque 
forms, which can narrow the lumen of the vessel.

Red blood cells in the 
blood flow 
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down by the immune system. During these repair processes, 
cellular waste products are generated in the vascular wall; 
these plaques lead to thickening of the inner arterial wall and 
can ultimately bring about occlusion of the ‘parent vessel‘.

Operating-theatre observations  
raised doubts

“During hundreds of bypass procedures we have noticed 
that, consistently, it is only certain sections of the coronary 
arteries that are calcified, with pathological changes never 
occurring elsewhere along the same vessel,” says Professor 
Haverich. “We also made this observation in other flow ar-
eas such as the thigh. What these arteriosclerosis-free areas 
had in common was that they were surrounded externally by 
muscle. Since, in any case, all the smaller arteries in humans 
are only rarely affected, doubts must be raised about wheth-
er the process does in fact constitute a generalized disease 
and begin at the inner wall.”

These doubts were fueled by the discovery of new risk fac-
tors for arteriosclerosis. For example, numerous studies in 
recent years have demonstrated a definite correlation be-
tween higher heart attack rates and two factors: the occur-
rence of flu epidemics with pneumonia, and exposure to 
particulate matter. Moreover, researchers were able to de-
tect more than 30 microbes in arteriosclerotic plaques 
based on their DNA. The previous theory (i.e. elevated blood 
lipids) by no means fully explains these interrelationships. 

Historical findings support Haverich’s case

As director of the REBIRTH Cluster of Excellence, physician 
and researcher Professor Haverich is committed to develop-
ing regenerative therapies for major endemic health prob-
lems, of which arteriosclerosis is undoubtedly one: the 
World Health Organization attributes 17.5 million deaths 
annually to diseases of the cardiovascular system. In Ger-
many, conditions affecting the circulatory system cause 
39% of deaths.

During his investigations, Professor Haverich came across 
publications more than 100 years old, which are no longer 
searchable in current literature databases. These papers, 
many of them in German, provide reasons for the most re-
cent observations made in the operating theatre. They sup-
port his theory that arteriosclerosis is caused by compro-
mised blood supply to the arterial wall. In 1924, during the 
pre-antibiotics era, a pathologist named Zinserling in  
St Petersburg observed arteriosclerotic changes in more 
than 300 children who had died of infectious diseases. In the 
case of syphilis, tissue sections showing severely calcified 
and aneurysmal aortae indeed revealed a direct connection 
between the inflammatory occlusion of the wall’s microcir-
culation network and pathogens (spirochaetes) still present 
there. In several relatively early series of animal experiments 
on rabbits and pigs, arteriosclerosis was regularly induced 
via extraneous compression of the arterial wall and the as-
sociated interruption of blood flow to the wall. When the 
researchers restored circulation in the Vasa vasorum, the 
arteriosclerosis disappeared. In further experiments on 
dogs, removal of the outer wall layer (the tunica externa) led 
to arteriosclerosis – even in veins and after only a few weeks 
– as is observed following bypass surgery.

Combating inflammation

There are still no regenerative therapies able to reverse ar-
teriosclerosis. The established procedures, therefore, re-
main in use – the widening of constrictions using a balloon 
catheter, the placement of stents by a cardiologist and the 
insertion of a bypass by a cardiac surgeon. It is true that the 
new theory broadens the scope for the development of in-
novative approaches to treatment. Until these are available 
to patients, however, Professor Haverich advocates preven-
tive strategies against arteriosclerosis: “As well as good 
habits like a healthy diet, enough sleep and exercise, atten-
tion should be paid to the prevention and control of infection 
as a means of thwarting dangerous arterial calcification. 
These include regular flu vaccination and treatment of 
chronic inflammation (in the gums, for instance), as well as 
– and above all – physical activity.” 

Publication
Haverich A. A Surgeon's View on the Pathogenesis of Atherosclerosis. 
Circulation. 2017;135(3):205-7. Epub 2017/01/18.
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GATA4 allows  
heart to recover

How do very young hearts regenerate following infarction?

The human heart is almost completely unable to recover 
from infarction; the tissue cannot regenerate. Scar tissue 
forms instead of muscle cells and blood vessels, and this 
is not able to contribute to the organ’s pumping function. 
Often, therefore, the result is heart failure. In mice, how-
ever, researchers observed a high regenerative capacity 
– at least, that is, directly after birth. If the animals sustain 
an infarction during their first few weeks of life, their heart 
is as good as new after 21 days. The same had already 
been observed in newborn humans: after a few months, the 
heart proved capable of recovering fully, within a few 
months, from an infarction that occurred immediately after 
birth.

Why is cardiac regeneration restricted to a narrow time 
window, i.e. the period shortly after birth? The team head-
ed by Professor Jörg Heineke of Hannover Medical 
School’s (MHH) Department of Cardiology and Angiology 
has found an answer to this question, now published in the 
periodical EMBO Molecular Medicine. The study’s lead au-
thor is Dr Mona Malek Mohammadi, an alumna of the Ph.D. 
Programme Regenerative Sciences. Using a mouse model, 
researchers from the REBIRTH unit on Myocardial Cellular 
Crosstalk and Gene Therapy succeeded in showing that, in 
cardiac muscle cells, levels of the transcription factor 
GATA4 are very high immediately after birth. (Transcription 
factors are molecules that switch several genes on or off 

and thus control protein formation.) Over the course of a 
week following birth, levels of GATA4 present continu-
ously decreased; concurrently, the heart’s ability to regen-
erate progressively declined. “If GATA4 levels are as high 
on the seventh day as on the first, the heart’s regenerative 
capacity remains stable,“ Professor Heineke explains. 
Mouse hearts without GATA4 were unable to regenerate 
subsequent to infarction, whereas an increase in GATA4 
improved regenerative capability.

A first step towards treatment for older 
hearts?

The scientists went one step further, focusing on the first 
protein (called interleukin 13) produced in greater quanti-
ties when GATA4 is abundant. In mice without GATA4, the 
heart’s regenerative capacity improved when animals re-
ceived interleukin 13. “Cardiac regeneration can be en-
hanced with interleukin 13 – in mice, at any rate. This may 
be the first step towards enhancing the heart’s ability to 
recover in humans, too, for therapeutic purposes,“ com-
ments Professor Johann Bauersachs, director of the De-
partment of Cardiology and Angiology.

Publication: 
Malek Mohammadi M, Kattih B, Grund A, Froese N, Korf-Klingebiel M, 
Gigina A, Schrameck U, Rudat C, Liang Q, Kispert A, Wollert KC, 
Bauersachs J, Heineke J. The Transcription Factor Gata4 Promotes 
Myocardial Regeneration in Neonatal Mice. EMBO Mol Med. 
2017;9(2):265-79. Epub 2017/01/06.

The researchers in their lab: Dr Mona Malek Mohammadi  
and Professor Jörg Heineke. 
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Optimized gene 
correction 

Genetic defect in iPS cells successfully  
corrected using CRISPR-Cas9  

Researchers from the REBIRTH unit on Translational Hepa-
tology and Stem Cell Biology have devised a technique that 
improves genetic correction of patient-derived induced 
pluripotent stem cells (iPS cells) by means of a tool called 
CRISPR-Cas9. For this purpose, the team led by Professor 
Tobias Cantz at Hannover Medical School’s (MHH) Depart-
ment of Gastroenterology, Hepatology and Endocrinology 
opted for the Cas9 nickase method in combination with 

dual-fluorescence selection. “Thus far, CRISPR-Cas9 has 
proven quite efficient at cutting genes, but pinpoint correc-
tion using this tool has remained fairly inefficient,” Profes-
sor Cantz says. “The technique we have developed now 
enables us to efficiently correct genes that are not active-
ly transcribed.” The researchers published their findings in 
the journal Scientific Reports.

This method enabled the investigators to correct the ge-
netic defect in iPS cells that results in a metabolic disorder 
known as alpha-1 antitrypsin deficiency. This condition, 
which generally occurs in childhood, may cause cirrhosis 
of the liver and emphysema. The scientists had two obsta-
cles to overcome: in most individuals affected, the defect 
is present in both the maternal and the paternal genome 

In the lab: Researchers Dr Reto Eggenschwiler and  
Professor Tobias Cantz.
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The CRISPR-Cas9-System
The CRISPR/Cas9 system is a biotechnological tool 
used by researchers for editing genetic material in a 
targeted manner. The underlying mechanism origi-
nated in bacteria, which use it to protect themselves 
from viruses. They render these viruses harmless by 
recognizing particular sequences in their genomes 
and excising them. This sequence identification is 
also exploited by researchers in the lab to carry out 
specific genetic interventions in cells. This is seen as 
the way forward for the treatment of hereditary dis-
eases. Reprogramming of the immune system 
against the AIDS pathogen is also conceivable.

within the cell. However, even a single mutated copy may 
pose a problem. The researchers therefore had to make 
sure that the underlying disease gene in the patient-derived 
iPS cells is indeed corrected in both sets of chromosomes. 
They also needed to enhance the gene correction method 
to ensure efficient modification of even those genes that 
are not actively transcribed. This is because the gene is 
not transcribed until the stem cell specializes to form a 
liver cell.
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Cas9 nickase

“With our improved CRISPR/Cas9 toolbox, we can effi-
ciently alter or correct even inactive genes,” reports Dr 
Reto Eggenschwiler, the study’s lead author and graduate 
of the Ph.D. Programme Regenerative Sciences. In any 
given case, the nickase technique applied by the investiga-
tors cuts only a single strand of the double-stranded DNA. 
Two slightly offset, opposite cuts result in an overhang that 
additionally stimulates pinpoint gene correction. The sci-
entists took advantage of the cellular repair mechanism 
that was subsequently set in motion to incorporate the cor-
rected gene and a colour-labelled selection cassette into 
the genetic material of the iPS cells.

Dual-fluorescence selection

To verify whether the genes had been corrected in both 
chromosomes of a given cell, Dr Eggenschwiler used cas-
settes of two different colours (dual fluorescence). “If the 
cells fluoresce both red and green, we can assume that 
both genes have been corrected,” he explains. Following 
another procedural step, all the cells identified in this way 
were successfully corrected. “This is an unusually high 
yield for correction using CRISPR-Cas9.”  

Publication: 
Eggenschwiler R, Moslem M, Fraguas MS, Galla M, Papp O, Naujock M, 
Fonfara I, Gensch I, Wahner A, Beh-Pajooh A, Mussolino C, Tauscher M, 
Steinemann D, Wegner F, Petri S, Schambach A, Charpentier E, Cathomen 
T, Cantz T. Improved Bi-Allelic Modification of a Transcriptionally Silent 
Locus in Patient-Derived Ipsc by Cas9 Nickase. Sci Rep. 2016;6:38198. 
Epub 2016/12/03. 
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Culture volume 
influences early fate 

of stem cells                         

Researchers from the 
REBIRTH unit on Mass 
Production of Pluripo-
tent Stem Cells and De-
rivatives, led by Dr Rob-
ert Zweigerdt, have 
discovered the previ-
ously unknown influ-
ence of bulk cell density 
(BCD) – in essence, the 
ratio between total cell 
quantity and medium 
volume – as a key com-
ponent controlling the 
early steps in differen-
tiation of human pluri-
potent stem cells  
(hPSCs). These find-
ings, published in Na-
ture Communications, 
show the importance of 
more fully understand-
ing, and closely moni-
toring, the delicate tran-
si tion between 
pluripotency and cell 
type specialization. 
“BCD can easily be 

modulated by increasing or decreasing the volume in a cul-
ture vessel, such as a flask or a bioreactor,” explains lead 
author Dr Henning Kempf. “However, it was not previously 
known how this parameter affects the specialization of pluri-
potent stem cells.”

The team was able to bring about the specialization, induced 
by only a single chemical agent (CHIR99021), of hPSCs into 
different cell types by altering merely the medium volume 
and hence the BCD. “It was remarkable how strongly BCD 
influences differentiation outcomes, irrespective of culture 
systems. Our findings are especially promising in terms of 
the reproducibility of culture-related processes – in particu-
lar, cell technologies suitable for large-scale industrial pro-
duction of functional, therapeutically valuable cell types for 
regenerative therapies,” Dr Zweigerdt adds.

As well as its insights into the significance of BCD for hPSC 
differentiation, the team also unravelled the molecular 
mechanism via which BCD controls the fate of pluripotent 
cells. “We have observed that certain signal molecules, 
known as LEFTY1 and CER1, are released from the stem 
cells before and during the early phase of the specialization 
process. The concentration of these molecules increases or 
decreases as a function of BCD. This results in molecular 
feedback loops that control the rate of the specialization 
process,” says Dr Henning Kempf.  These investigations are 
based on collaboration with numerous researchers within 
REBIRTH and beyond.

Publication:
Kempf H, Olmer R, Haase A, Franke A, Bolesani E, Schwanke K, Robles-
Diaz D, Coffee M, Göhring G, Dräger G, Potz O, Joos T, Martinez-Hackert E, 
Haverich A, Buettner FF, Martin U, Zweigerdt R. Bulk Cell Density and Wnt/
Tgfbeta Signalling Regulate Mesendodermal Patterning of Human 
Pluripotent Stem Cells. Nat Commun. 2016;7:13602. Epub 2016/12/10.

For his work on bulk cell density,  
Dr Henning Kempf received the 2016 
Doctoral Award in Regenerative Medi-
cine (second place) for the best publi-
cation in this field. The award was 
presented to Kempf, a graduate of our 
Ph.D. programme in Regenerative Sci-
ences, by the Berlin-Brandenburg 
School for Regenerative Therapies 
(BSRT) on 2 December 2016 as part of 
the Seventh BSRT symposium headed 
'Regenerate me if you can!', held in 
Berlin.

This integrative model demonstrates how the interplay between 
positive and negative signals affects the differentiation of stem 
cells into the various cell types. It illustrates not only how minor 
experimental changes may lead to significantly different 
outcomes in terms of cell differentiation, but also how investi-
gative approaches involving other experimental adjustments 
can ultimately result in the same outcome.
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3D reconstruction (approx. 1 mm x 1 mm x 0.3 mm,  
at a resolution of approx. 0.3 µm) based on  
histological sections of lung tissue, with  
cross-sectionally cut blood vessels, airways  
(bronchus) and alveoli. The arteries are shown  
in red, the veins in blue, the capillary network in  
magenta and the surface of air-containing spaces  
in grey. Partial transparency reveals how the  
capillary blood vessel system envelopes the alveoli.

3D insights  
into the lungs’ 

capillary system

The system that forms the basis of the lungs’ fine structure 
is complex and highly branched. At the very end of the 
respiratory tree, within the alveoli, blood and air are sepa-
rated by only a few hundred nanometres. To ensure the 
necessary gas exchange, it is essential that the surface 
area is very large. In-depth knowledge of these structures 
is important if we are to better understand mechanisms of 
vascular development and pathology of the lung.

However, the previously available two-dimensional imag-
es.provide only limited insight into structural properties or 
changes. Although stereological techniques allow charac-
terization of three-dimensional (3D) attributes as well, 
these do not provide a full 3D representation. By contrast, 
the spatial interpretation of sections offers a means not 
only of examining the 3D structure of the airways and 
blood circulatory system – especially the capillary system 
– but also of visualizing it. This is the task that physicist 
Dr Roman Grothausmann (of the REBIRTH unit on Quantita-

tive Microscopy in Regeneration) has set himself. The 3d 
data sets he created, for a sample with an edge length of 
about 1 mm, allow 3D animation. “The assessment I had 
in mind necessitates a large sample volume with high 
resolution,” explains Dr Grothausmann. “For this purpose, 
I superimposed and analysed used more than 300 serial 
sections of lung tissue embedded in epoxy resin. And, to 
this end, I developed programs that enable a computer to 
distinguish between airways, tissue and blood vessels.”

The result is astonishing: the viewer practically races 
through the vessels from a blood cell’s perspective. This 
experience is augmented by an oxygen molecule’s ‘eye 
view’ as it moves through the airways. The visualization 
extends from the bronchioles and alveoli to the capillaries 
of the blood system. The resolution of the data is less than 
one micrometer. “These data clearly show the course 
taken by both blood flow and airflow, as well as how many 
alveoli a blood cell passes – which isn’t possible with a 
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by Dr Nadine von Maltzahn

GEROK:  
How does chronic 
infection influence 

the ageing process?
The prevalence of chronic bacterial inflammation of the 
periodontium (which surrounds and supports the teeth), 
known as periodontitis or gingivitis, is extremely high, with 
up to 90% of the population affected. And these local pro-
cesses in the oral cavity can have systemic effects. In par-
ticular, the links to cardiovascular disease are becoming 
increasingly clear. Research by the group headed by  
Professor Meike Stiesch (director of the Department of 
Dental Prosthetics and Biomedical Materials Science), in 
which the effects of experimentally induced gingivitis in 

3D view provided by a virtual endoscopy through the network of 
blood vessels, at the transition point between the arterioles and 
the capillary vessels (lateral outflows) with a very high branch-
ing density and a marked reduction in the vascular cross-sec-
tional area. 

two-dimensional tissue analysis,” says Professor Christian 
Mühlfeld, who leads the research group. “The high ratio 
between sample size and resolution means that the result 
is more detailed than with other tomographic methods.” 
Moreover, the procedure developed is technically straight-
forward and relatively cost-effective. “Our aim is now to 
further automate the process and thus obtain an efficient 
way of answering questions about normal and impaired 
pulmonary development,” Dr Grothausmann adds. 

Publication:
Grothausmann R, Knudsen L, Ochs M, Mühlfeld C. Digital 3D 
reconstructions using histological serial sections of lung tissue including 
the alveolar capillary network. American journal of physiology Lung 
cellular and molecular physiology. 2017;312(2):L243-L57. Epub 2016/12/04

A schematic representation of the route 
taken by an oxygen molecule – through 
the airways, entering an alveolus and 
then the blood – and the ‘return journey’ 
of a carbon dioxide molecule can be 
viewed in video form at the project’s 
web presence: http://osf.io/gbsns/.

A video clip showing the virtual 
endoscopy from the artery, through  
the capillaries and to the vein, is 
available at the project’s web presence: 
http://osf.io/jhsd3/.
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healthy subjects were investigated, suggests that this in-
volves interaction with the endothelium. To further explore 
this relationship, researchers at this department are now 
collaborating with the REBIRTH unit on Senescence in Vas-
cular Regeneration, led by Professor Anette Melk. The in-
vestigators have jointly developed an experimental model 
for studying periodontitis. With this model, they have not 
only shown that the occurrence of this severe local inflam-
mation is associated with impaired vascular function (en-
dothelial dysfunction), but also found evidence of acceler-
ated ageing processes in the vessels.

Do local ageing processes affecting 
the oral mucosa increase the risk of 
cardiovascular disease?

Being a dentist, Dr Nadine von Maltzahn – a senior physi-
cian (Oberärztin) in Professor Stiesch’s department – 
knows that older people are especially prone to periodon-
tal inflammation and that it takes hold more rapidly in such 

patients. Within a REBIRTH-funded rotational research 
post, she has begun to answer the question: to what extent 
do local ageing processes in the oral mucosa explain the 
heightened risk of cardiovascular problems in older pa-
tients? For example, it is known that old ‘senescent’ cells 
change their secretion pattern so that proinflammatory 
factors are secreted to an increasing extent. 

Excellent interdisciplinary collaboration

In collaboration with the team of scientists from both the 
dental and paediatric departments, Dr von Maltzahn’s ini-
tial results show that, in culture, gingival epithelial cells do 
indeed become senescent. The findings included shorten-
ing of telomeres and increased expression of senescence-
associated ß-galactosidase. Interestingly, additional expo-
sure to the P. gingivalis bacterium, one of the main causes 
of periodontitis in humans, did not play a significant role 
when an experimental cell culture approach was adopted. 
It was a different matter when the scientists exposed en-
dothelial cells: in these cells, senescence markers were 
induced. However, Dr von Maltzahn is currently still explor-
ing the question of whether gingival epithelial cells in older 
people have already aged molecularly. To this end, she is 
taking and examining biopsies of the oral mucosa from 
subjects with their consent: from older individuals (aged 
over 60) and, as a control, from younger people (aged un-
der 30). It is already evident that the number of possible 
divisions in cells from older subjects is severely limited. It 
will be fascinating to see to what extent the more mature 
cells also have markers for cellular senescence and an al-
tered proinflammatory secretion profile.

At all events, Dr von Maltzahn‘s verdict on her rotational 
research post (GEROK) is highly positive. “I was able, with-
in two work groups that worked together extremely well, to 
pursue a research project relevant to my everyday clinical 
work,” says the scientist. She has gained insights into 
many aspects of day-to-day research work that went be-
yond her own project, and it’s clear to her that the founda-
tion has now been laid for further research endeavours.

Senescence Gingiva epithelia cells stained with X-Gal
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Heiner Niemann 
receives IETS 

Pioneer Award 2017

At this year’s 43rd Annual Conference of the Internation-
al Embryo Technology Society (IETS) in Austin, Texas, 
USA, Professor Heiner Niemann of REBIRTH’s unit on 
Large Animal Models was presented with the IETS Pio-
neer Award on 17 January 2017. This, the Society’s high-
est accolade, was bestowed on him for his tireless pur-
suit of new knowledge, his significant contributions to 
embryology and to bovine and porcine genetics, as well 
as his openness to new technologies, over the past 25 
years.

Professor Niemann’s scientific interests are wide-rang-
ing. They include the regulation of oocyte and preimplan-
tation development in livestock species, the development 
and validation of transgenic animal models, somatic 
cloning and epigenetic reprogramming, the derivation 
and characterization of pluripotent stem cells, and the 
characterization and preservation of genetic resources in 
livestock. His research, which is highly interdisciplinary 
in nature, has involved numerous collaborations both in 
Germany and elsewhere. The use of farm animals in ad-
dressing biomedical issues has been a major focus of his 
research work.

His work is typified by a combination of new discoveries 
in molecular genetics and the latest reproduction tech-
nologies aimed at producing genetically modified ani-
mals for basic research and the development of new bio-
medical applications such as ‘gene pharming’ and 
xenotransplantation.

Niemann’s career  
in facts and figures
His work has resulted in more than 370 peer-
reviewed publications, and he has also  
contributed numerous articles to popular-
science magazines.

He has given more than 600 oral presenta-
tions in many parts of the world.

He has supervised over 85 doctoral theses 
and has helped three of his colleagues to 
obtain a postdoctoral lecturing qualification 
(Habilitation). 

Research highlights:  
Somatic cloning: in the year 2000, work at his lab resulted in the birth 
of the first cloned calf, 'Blondie'. This was followed in 2003 by 'Björna' 
and 'Michaela', the first cloned piglets born in Germany.

Somatic cell nuclear transfer (SCNT): Professor Niemann is also a 
pioneer of SCNT for the production of transgenic pigs, whose organs 
may be candidates for xenotransplantation. The first transgenic piglet 
under this project was born in Mariensee as long ago as 1997.

His lab recently produced ‘knockout pigs’ by means of cytoplasmic 
microinjection of CRISPR/Cas9 (gene editing) in zygotes.

Publication:
Recipient of the 2017 IETS Pioneer Award: Prof. Dr. Heiner Niemann. 
Reproduction, Fertility and Development. 2017;29(1):xvii.
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Humboldt Research 
Award  

Chemist to spend a research year  
at Hannover University  

An internationally  
high-profile researcher 

Varinder Aggarwal read chemistry at Cambridge in the 
early 1980s, where he also obtained his doctorate in 
organic chemistry; research and teaching posts fol-
lowed in the USA and UK. He has received numerous 
international awards and accolades, served on scien-
tific committees and held visiting professorships in 
various countries including Germany. 1997 saw him 
appointed Professor in Chemistry at the University of 
Sheffield, and he has been Professor in Synthetic 
Chemistry at the University of Bristol since 2000. 

Professor Varinder Aggarwal is a chemist who researches 
and teaches at the University of Bristol (UK). His outstand-
ing research track record has made him one of the world’s 
leading and most successful scientists in the field of or-
ganic chemistry. His investigations focus on organoele-
ment chemistry, catalysis and stereoselective synthesis.

The Humboldt Research Award not only honours him for 
his achievements. It also gives him the opportunity to 
spend a year doing research in Hannover in collaboration 
with Professor Andreas Kirschning, one of the REBIRTH 
Area B2 managers, and his colleagues at the Institute of 
Organic Chemistry, and to come into direct contact with 
students at teaching events.

Molecules can be synthesized by machines 

Staff at the Institute of Organic Chemistry and the Centre 
of Biomolecular Drug Research (BMWZ) are looking forward 
to the valuable contribution that Professor Aggarwal’s well-
founded, creative and unconventional approach will bring 
to local research groups. Although the focus is on funda-
mental methods, potential applications are opening up 
beyond discipline boundaries – in natural science and drug 
research, for example. “Through Professor Aggarwal’s 
work, drug synthesis is being equipped with new, powerful 
tools that can also be used as a source of pharmaceutical 
agents within REBIRTH,” says Professor Kirschning.
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Robot-supported 
angiography system 

up and running

November 2016 saw Hannover Medical School’s (MHH) 
Institute of Diagnostic and Interventional Radiology put 
into service a new, state-of-the-art angiography system. It 
is the first time the ‘ARTIS pheno’ unit, manufactured by 
Siemens Healthineers, has been installed in a hospital. 
Angiography is the radiological imaging of vessels, espe-
cially blood vessels. The new system is characterized by 
low radiation doses, shorter procedural times and more 
precise visualization during procedures. In particular, 
three-dimensional imaging with the new unit allows thera-
pies to be tailored to individual patients and so provide 
even less intrusive treatment than before.   

ARTIS pheno (made by Siemens Healthineers) 
The new system was developed specifically to allow more 
complex minimally invasive treatments of the entire body. 
With its robotics technology, it helps meet very different 
individual patient needs. “With the ARTIS pheno, three-di-
mensional vascular images can be generated with unprec-
edented speed and high detail precision,” reports Profes-
sor Frank Wacker, director of the Institute of Diagnostic 
and Interventional Radiology. “With liver tumours, for ex-
ample, it enables us to identify the very smallest vessels, 
to reliably and safely explore them and target the tumour 
above them.”



17rebirth news 2017 | 1 17NEWS AND UPDATES 

3D visualization of a sheep‘s pulmonary vessels 
(under the Organ Care System)

3D visualization of the lung vessels  
in a patient with pulmonary hypertension 

The new system is also a great asset from the scientific 
point of view. Researchers within the REBIRTH Cluster of 
Excellence can use it for investigating the blood vessels of 
all organs, especially the heart, lungs and liver. This means 
it can be used not only in humans, but also in small- and 
large-animal projects such as the vascularization of regen-
erative tissue grafts or of organs in the Organ Care System 
(OCS). Under the OCS, use of the ARTIS pheno for initial 
examination of the pulmonary vessels in a sheep model 
have already proved successful.

Minimally invasive therapies at MHH  
MHH’s radiological services are specialized in minimally 
invasive, image-guided therapy. Examples include tar-
geted radiation of tumours in the liver (selective internal 
radiation therapy (SIRT), the ‘flooding’ of a cancerous 
liver with chemotherapy agents while purifying the blood 
using extracorporeal circulation (i.e. chemosaturation), 
and the removal of constrictions of the pulmonary arter-
ies using a balloon catheter (pulmonary balloon angio-

plasty, CTEPH). In close collaboration with MHH’s De-
partment of Cardiothoracic, Transplantation and Vascular 
Surgery (HTTG), complex aortic aneurysms are treated 
with branched stent grafts. Scientists at the Institute of 
Diagnostic and Interventional Radiology are involved in 
research projects throughout Germany and are at the 
forefront of new technological developments.
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Millions in funding 
for leukaemia 

research
The European Research Council (ERC) has awarded Dr Jan-
Henning Klusmann an ERC Starting Grant. For Dr Klus-
mann, this highly coveted EU scientific funding amounts to 
around 1.5 million euros over five years for his ‘iAML-lnc-
TARGET’ project. A researcher at Hannover Medical 
School’s (MHH) Department of Paediatric Haematology 
and Oncology, he investigates leukaemia in infants; some 
100 babies are born with the disease in Europe every year. 
“My aim is that, in the long term, drugs can be developed 
for this and other forms of leukaemia,“ he says.

Within embryos in utero, the blood is initially formed in the 
amniotic sac, then in the liver; it is not made in the bone 
marrow until shortly before birth. Dr Klusmann assumes 

Dr Jan-Henning Klusmann removing 
cancer cells stored shock-frozen  

in liquid nitrogen.

What is infant leukaemia?
Leukaemias are diseases of the blood-forming system 
in which cancer cells displace the other blood cells. 
Infant leukaemia differs from other forms of childhood 
leukaemia – such as acute lymphatic leukaemia (ALL) 
and acute myeloid leukemia (AML) – in terms of 
changes in the genome.

that infant leukaemia originates within immature blood 
cells in the liver. To test this hypothesis, he is primarily 
looking at specific ribonucleic acids (termed long non-
coding ribonucleic acids, lncRNAs) and how they interact 
with oncogenes (i.e. genes with the potential to cause can-
cer). “My assumption is that lncRNAs, in combination with 
the oncogene, may prompt certain stem cells in the unborn 
baby to degenerate into cancer cells. If these lncRNAs 
could be modified, then the leukaemia could be nipped in 
the bud,“ says the scientist. Dr Klusmann now wants to 
identify those lncRNAs with a key role in the development 
of leukaemia, understand their interaction with the onco-
gene and transfer this knowledge to other forms of leukae-
mia. “These findings are also interesting for our research 
within REBIRTH – especially on the expansion of blood 
stem cells,” says Professor Axel Schambach of the 
REBIRTH unit on Regenerative Gene Therapy.  
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TECAS-ITN:  
final conference

Four years have passed since the TECAS-ITN network re-
ceived 3.5 million euros from the European Union to train 
13 doctoral students in the field of cardiovascular tissue 
engineering and regenerative medicine. The project ended 
in December 2016. 

Between 28 and 30 November 2016, the network marked 
the project’s end with a final conference in Padua, Italy. 
Professor Gino Gerosa of the University of Padua’s Depart-
ment of Cardiac, Thoracic and Vascular Sciences invited 
all those involved to the venue, the St Antonio Dottore 
Theological Institute. During the three-day event, the 
TECAS-ITN fellows shared their research findings. The pro-

gramme included five scientific sessions featuring 16 talks 
by both internal and external investigators, poster presen-
tations, and mentoring and career development sessions 
aimed at fellows.

The social programme included plenty of enjoyable activi-
ties. The highlight was a tour of La Specola, Padua’s his-
toric observatory, which is now a museum of astronomy.

“Overall, the TECAS-ITN final conference was a great op-
portunity for students, in-house and outside researchers 
to review the progress made over the past four years, and 
also to make plans for future projects and other personal, 
professional and scientific advancements,” says Dr Sotiri-
os Korossis, the network’s director. “On behalf of the entire 
management, I would like to thank the many internal and 
external researchers, administrators and technicians in-
volved in TECAS-ITN who helped bring this project to a 
successful conclusion.”
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Optogenetics: 
interdisciplinary 

dialogue,  
the key to success

New network aims to pool expertise  
from the relevant fields of research and  

promote transfer of knowledge to the public domain

In biomedicine, optogenetics offers promising approaches 
towards new treatments, especially for cardiological and 
neurological conditions. If we want to tap the potential of 
light-controlled biomolecules and fully utilize the possi-
bilities of optogenetics, there is a need for both close col-
laboration between a wide range of specialist disciplines 
– from molecular biology to laser physics – and in-depth 
dialogue between research, industry, and the public and 
political spheres. Only in this way can innovative tech-

Please join in!  

You’re a researcher and want to take part in the 
Optogenetics Innovation 
Forum and the associated 
events? Please contact  
Dr Dag Heinemann, e-mail  
d.heinemann@lzh.de.

niques and products be rapidly translated into practical 
applications. It is against this background that, under the 
leadership of Professor Alexander Heisterkamp (REBIRTH 
unit on Laser Manipulation and Cellular Engineering), the 
Laser Zentrum Hannover e. V. (LZH) is initiating the ‘Op-
togenetics Innovation Forum – Technologies and Poten-
tial’. Under the ‘Innovation Forums for SMEs’ initiative of 
the German Federal Ministry of Education and Research 
(BMBF), this forum is being developed as a full research 
proposal.

A two-day innovation forum is planned, provisionally for 
November 2017. Here, participating partners will start by 
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giving talks on various aspects of optogenetics – such as 
the underlying molecular-biological basics, technical 
methods of light exposure and cultivation, and biomedical 
applications – to generate ideas for the rest of the event. 
The intention is that new collaborations and projects will 
emerge, driven by both the scientific and industrial com-
munities. A further aim is the formation of a permanent 
network that, over the long term, will contribute to the 
strengthening of innovative capacity in the area of optoge-
netics and can also act as the mouthpiece for communica-
tion with the social and political domains.

A rapid ascent  
of the career ladder 

Biology or physics? Stefan Kalies asked himself this very 
question before commencing his studies. He opted for 
physics. However, while doing his Bachelor’s dissertation 
in biomedical optics at Laser Zentrum Hannover e.V., he 
was able to combine his two interests for the first time. 

What is optogenetics?

From photosynthesis to our sense of sight – light influ-
ences a wide range of fundamental processes in na-
ture. Optogenetics combines optics and genetic engi-
neering. It forms the basis of new biotechnological 
and biomedical techniques that allow cellular process-
es to be controlled by the introduction of light-activat-
able proteins. Ongoing advances mean that the range 
of applications continues to grow: optogenetic switch-
es now not only enable ion channels to be controlled, 
but also permit the activity of target genes to be spe-
cifically influenced.

Optogenetics is currently most fully established in the 
neurosciences as a tool for minimally invasive, selec-
tive and efficient stimulation of neuronal cells. This 
involves light-inducible membrane channels being in-
troduced into the cell, which are irradiated using weak 
light pulses (within the visible range) for a few millisec-
onds, and in the process undergo a conformational 
change, resulting in ion exchange across the mem-
brane.

However, optogenetics is also already being investi-
gated in cardiology. BioPACE, a collaborative project 
currently being funded by the BMBF, involves LZH’s 
biophotonics research group joining forces with two 
REBIRTH groups Myocadial Tissue Engineering and 
Mass Production of Pluripotent Stem Cells and Deriva-
tes as well as other partners to develop innovations 
including an optical cardiac pacemaker (see report 
4/2016).

Then, in his Master’s thesis, he looked at the laser transfec-
tion of cells using gold nanoparticles. It was soon evident 
that some sound biological training would be useful in his 
research, and so he joined Professor Andreas Kispert’s lab 
team at Hannover Medical School (MHH) for a two-month 
work placement to acquire the necessary savvy in molecu-
lar biology. At St Andrews University in Scotland, he also 
enhanced his laser manipulation skills. After obtaining his 
Master’s degree in February 2013, the highly motivated 
student from nearby Wennigsen successfully applied for a 
place on the Ph.D. programme in Regenerative Sciences. 
During his doctorate, which saw Kalies return to Laser Zen-
trum Hannover e.V. – with a spell at Cornell University, 
USA, as well – he continued his research into the genetic 
manipulation of cells using gold nanoparticles. Kalies de-
fended his doctoral thesis in summer 2016, since when he 
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REBIRTH unit on Biomedical Photonics 
for Regeneration Studies
Stimulating cardiac muscle cells, removing even the 
tiniest cell organelles and making genetic modifica-
tions: the main focus of Dr Kalies’ research group is on 
manipulating cells with femtosecond lasers. Use of 
ultrashort laser pulses enables him to specifically 
visualize individual cells – which he subsequently ma-
nipulates – by means of multiphoton microscopy. In 
this way he can reach cells at a tissue depth of up to 
0.5 mm. This precision technology allows him to ma-
nipulate small cell organelles and the cytoskeleton, 
removing minute components or carrying out genetic 
alterations. Cell labelling with gold nanoparticles also 
enables him to reach several different cells.

 “We are collaborating closely with Professor Alexan-
der Heisterkamp‘s work group and with Laser Zentrum 
Hannover e.V. at the NIFE centre. His team’s main role 
is to develop the equipment and superstructures that 
we then test and use for our research into regenerative 
issues,” says the 29-year-old. “Our aim is to apply 
these methods In vivo one day.” For the time being, 
however, he is examining cell and tissue culture sam-
ples and developing suitable windows and technolo-
gies such as microendescopes, with a view to using 
laser radiation in living organisms. Among other aims, 
the group is currently studying how mechanical ma-
nipulation of the cytoskeleton affects heart muscle 
cells, and how the excision of individual cells from a 
tissue, affects regeneration.

has led the new REBIRTH unit on Biomedical Photonics for 
Regeneration Studies. He wishes to give his inaugural lec-
ture series on microscopy for biology students in August, 
a requirement for obtaining his postdoctoral lecturing 
qualification (Habilitation). He is already supervising Bach-
elor’s and Master’s students within his research group. 
Plans are for the first doctoral students to soon join this 
team; they will be jointly supervised by Professor Heis-
terkamp and himself. 

A unique opportunity: 
REBIRTH INSIDE at the 
‘Ideas Expo’ 2017 

What if we could produce entire organs from our own 
cells? Or if we could treat the lungs or heart outside the 
body? What can we expect from the medicine of tomor-
row? Between 10 and 18 June 2017, school pupils visiting 
the REBIRTH Cluster of Excellence’s stand at the Ideen-
Expo – Germany’s biggest science and technology event 
aimed at young people – will be able to immerse them-
selves in a fascinating vision of the future of regenerative 
medicine. In ‘walk-in’ cells, specially developed exhibits 
will help them experience for themselves how today’s bio-
medical research could provide solutions to widespread 
health problems such as heart attack and acute liver fail-
ure, thus extending our lives. They will meet the ‘research 
heroes’ of today and discover how they can themselves be 
part of the world of regeneration research.

But wait a moment … Can’t a preventive approach be 
adopted to these major endemic diseases as well? Of 
course! And pupils can find out how by actively exploring 
the stand.

Everyone involved in REBIRTH is 
welcome to take a look at the 
1,000 square metre display in 
Hall 7, Hannover Exhibition  
Centre.

Come and visit us!
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What are you working on and why?
Polymeric scaffolds, mimicking the extracellular matrix 
(ECM), circumvent the existing clinical limitations faced in 
the field of tissue engineering. Hydrogels have gained 
popularity as three-dimensional porous polymeric scaf-
folds for their biocompatibility, biodegradable and easily 
functionalizable nature. Several natural polysaccharides 
(e.g. hyaluronic acid and pullulan, dextran) have been 
chemically modified to form 
hydrogels. However, most of 
these strategies either involve 
harsh and toxic chemical con-
ditions or are too slow for in 
situ gel formation. Therefore, 
our main research focus is on 
generating biodegradable and 
biocompatible hydrogels by 
means of the catalyst-free, 
‘clickable’ Michael addition 
reaction. The advantage of 
this reaction is that it pro-
ceeds rapidly at room tem-
peratures under physiological 
pH, involves less toxic precur-
sors, has negligible side reac-
tions and tolerates moist,  
oxygen-rich environments.  

Why did you decide to enrol 
in the Ph.D. programme in 
Regenerative Sciences?
I have always been interested 
in having a research career at 
the interface of chemistry and 
biology. When going through 
the programme website, I real-
ized that a high level of multi-
disciplinary research is being 
conducted under the Ph.D. 
programme in Regenerative 
Sciences, and this motivated 
me to enrol.

What do you like about REBIRTH?
The REBIRTH Cluster of Excellence programme aims to 
counter the challenges to human health by exchanging and 
integrating knowledge and skills from the various disciplines 
of the scientific community. Working at REBIRTH therefore 
gives me the opportunity to work in close collaboration with 
research groups of different scientific expertise, which ex-
poses me to myriads of new methods and experimental ap-

proaches. Moreover, the cul-
turally diverse academic 
environment also helps me to 
develop my interpersonal 
skills. 

What do you do in your 
spare time?
I am an avid lover of travel-
ling and exploring new plac-
es, and Germany, being at 
the heart of Europe, satiates 
this interest of mine. When-
ever I get the opportunity 
and time, I grab my backpack 
and set off to explore new 
places. I also enjoy watching 
movies of all genres and lis-
tening to world music.

What is your favourite 
quotation?
I am greatly inspired by the 
beautiful quote of Michelan-
gelo: “The greater danger for 
most of us lies not in setting 
our aim too high and falling 
short; but in setting our aim 
too low, and achieving our 
mark.” 

Ph.D. Programme 
Regenerative Sciences 

Who is Who

Samhita Banerjee (26) from India,  
REBIRTH Unit 7.1 - Functionalized  

Polymers and Regenerative Agents
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Ph.D. Programme Regenerative 
Sciences 

January 2017: 
doctoral success

27 January was a big day not only for Lower Sax-
ony’s school pupils – who received their half-
yearly reports – but also for six graduates of the 
Ph.D. programme in Regenerative Sciences. Five 
women and one man, they were presented with 
their provisional doctoral diplomas at an evening 
ceremony. Statistically speaking, this was some-
thing of a rogue result: a comparable number of 
female graduates had been seen only on the very 
first final-exams day (28 January) back in 2011. It 
was equally unusual that, apart from one Hungar-
ian student, all of the candidates were from Ger-
many. And, without exception, all of the fledgling 
postdocs had done their research in REBIRTH 
units at Hannover Medical School (MHH). All sta-
tistical imponderables notwithstanding, we wish 
all of these newly qualified postdoctoral scien-
tists all the very best for their future careers!

Dr Daniela Pelz and Mariam 
Kujenya will be happy to 
answer any questions on the 
Ph.D. programme at  
phd-regsci@mh-hannover.de.

The graduates: 

QQ Nora Fekete-Drimusz (Dr. rer. nat.) – In vivo and in vitro  
Characterisation of Bipotential Human Liver Progenitor Cells – 
Supervisor: Dr Michael Bock – Department of  
Gastroenterology, Hepatology and Endocrinology
QQ Christina Maria Kropp (Dr. rer. nat.) – Controlled Human  
Pluripotent Stem Cell Culture in Stirred Tank Bioreactors –  
Supervisor: Dr Robert Zweigerdt - Leibniz Research  
Laboratories for Biotechnology and Artificial Organs (LEBAO)
QQ Jessica Kunkiel (Dr. rer. nat.) – Mechanisms of Ubiquitous 
Chromatin Opening Element (UCOE) – Mediated Transgene 
Stabilisation in Pluripotent Stem Cells and their Differentiated 
Progeny – Supervisor: Professor Dr Thomas Moritz – Institute 
of Experimental Haematology
QQ Dominique Manikowski (Dr. rer. nat.) –  Development of a  
Vascularized Myocardial Construct for the Restoration of  
Cardiac Muscle – Supervisior: Dr Andres Hilfiker - Leibniz 
Research Laboratories for Biotechnology and Artificial Organs 
(LEBAO)
QQ Erik Pittermann (Dr. rer. nat.) – Modeling Kostmann Disease in 
vitro Using iPSC – Supervisor: PD Dr Jan-Henning Klusmann – 
Department of Paediatric Haematology and Oncology
QQ Saskia Ulrich (Dr. rer. nat.) – Stepwise Generation of  
CFTR-expressing Airway Epithelial Cells from Human  
Pluripotent Stem Cells – Supervisior: Dr. Ruth Olmer / Pro-
fessor Dr Ulrich Martin – Leibniz Research Laboratories for 
Biotechnology and Artificial Organs (LEBAO)

The graduates (from left): Christina Maria Kropp, Jessica Kunkiel, Dominique Manikowski, Saskia Ulrich,  
Nora Fekete-Drimusz and Eric Pittermann


