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„The generation of specific cardiomyocytes by

Preface

means of the so-called cell programming is an important field of research. With this, our team has
recently suceeded to generate high-purity mouse
pacemaker cells. We will adapt this methodology
to human cells. At the same time, the principle of

Seven years RTC –
a success story

this method will also be applied to obtain ventricular cardiac muscle cells.“
Prof. Dr. rer. nat. Robert David

Reference and Translation Center for Cardiac Stem Cell Therapy (RTC) at Rostock University
Clinic and Policlinic for Heart Surgery at Rostock University Medical Center

In this report the Reference and Translation Center for

government (M-V) as well as our industry partners of

Cardiac Stem Cell Therapy (RTC) at Rostock Universi-

the general idea, goals and strategy of the RTC enab-

ty introduces itself: for seven years the RTC has been

ling the foundation of the RTC based on various sour-

home to an international team of scientists and clini-

ces of funding.

cians who are committed to conducting high-performance medicine on cardiovascular diseases striving
the therapeutic approach “Healing by Regeneration”.
Until recently, the human heart has been regarded as
not capable of regeneration in particular after myocardial infarction. Our work and other publications have
been able to disprove this position. Even if novel therapies for heart regeneration after diseases are at an
early stage of development, recently acquired advanced understanding from basic research on stem cells
and cell programming makes the vision of the renewable heart real in the foreseeable future. The RTC
has been established as a translation center for this

The RTC
XX has the vision of the ”Regrowing heart” –
That’s what our research is aiming for
XX pursues a strategy of translation improvement - we want to provide patients with novel
and improved quality assured standardized
healing options with regenerative properties
XX aims for positioning itself as a Reference

pathway.

Center for cardiovascular stem cell therapy.

Foundation, goals and strategy of the RTC

be active in the formulation of general guide-

The RTC was founded in 2008 on the initiative of Prof.
Dr. Gustav Steinhoff, heart surgeon and scientist at
the University Medical Center Rostock. We successfully convinced both the federal (BMBF) and the state

Based on our quality standards we intend to
lines and the RTC plans to offer services for
corresponding compliance.
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Core elements of the RTC

pies will be applied to the patient care. The health sta-

The RTC resides in the rooms of the Biomedical Re-

te of all patients treated with our advanced therapies

search Center (BMFZ) Rostock, a location where

is followed up for the rest of their lifetimes. Relevant

research and development groups of the University

data are documented in a register to gain insight into

work side by side with companies.

long-term effects and are subsequently used for the
optimization of novel therapeutic approaches.

The RTC is one of the five Translation Centers for
Regenerative Medicine in Germany funded by the

Seven years of successful research and develop-

Federal - and State Governments. The RTC distin-

ment activities

guishes itself from the other centers by

The RTC can now refer to seven years of successful
research and development activities on stem cells and

•
•
•
•

•

exclusively focusing on the cardiovascular field

cardiac regeneration.

benefiting from relevant previous results and important contacts to industry

The following Report introduces the RTC, gives a de-

the fact that a therapeutic “vision” did already

tailed impression of the research and development

exist at the time of foundation

activities on stem cells and cardiac regeneration of

working together goal oriented since the group is

the RTC, explains approaches for translation to the

relatively small and both the laboratory and clinic

clinic, describes the development of the latest stem

are under one leader

cell modification technologies to improve the efficacy

implementing our research in clinical practice by

of therapies and to subsequently increase the benefit

means of a professional translation management

for patients. Finally, the report summarizes the most
important facts and figures.

Activities of the RTC
In the laboratories of the RTC innovative regenerative
therapies have been investigated and developed by
applying the latest molecular and cell-biological methods. Subject to highest safety standards promising
therapeutic approaches are being tested for safety and efficacy in human beings by authorized clinical trial investigators in the heart surgical clinic. After
translation to the clinic and subsequent evaluation of
all data and results by the competent authorities and
subsequent positive decision (authorization) the thera-

“The RTC provides a gold standard to aspire for researchers from
Brazil and abroad, and in the year of the 2014 FIFA World Cup we
should not forget the name of the head (and captain!) of the RTC,
Doctor Steinhoff.”
Katherine de Carvalho, MD, PhD

Cell Therapy and Biotechnology in Regenerative Medicine Research.

The Pelé Pequeno Príncipe Institute - Child and Adolescent Health Research - Associated Professor of
Bioprocess Engineering and BiotechnologyParaná Federal University-Brazil
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Interview with Professor Dr. Gustav Steinhoff

„The regrowing heart
is my vision“
They gave me the hope to continue fighting and
looking for new possibilities in order to achieve an
improvement.
Dieter Magermanns, Guatemala
Stem cell patient

What do Ivenacker oak trees and zebrafish have to do

pies are being developed based on this knowledge.

with your research?

This is clearly trend-setting for the medicine of the

Prof. Dr. Gustav Steinhoff: The Ivenacker oak trees are

21st century by focusing research and development

an impressive cultural- and natural-historical peculi-

on regenerative and - with it – healing medicine. In

arity in Germany. We assume that the oak trees are

particular, the novel technologies allow us to analyze

about 800 to 1200 years old. They have only been

patient-specific disease mechanisms and to develop

able to survive because they have adapted to their en-

personalized diagnostic methods.

vironment by regenerative mechanisms. The zebrafish
is able to renew relevant organs. The heart of the ze-

What do you deem realistic in stem cell research?

brafish can reproduce tissue within a very short time.

Prof. Dr. Gustav Steinhoff: Therapies with adult stem

We learn from these natural phenomena and try to

cells have already been successfully applied in the

transfer corresponding insights to medical research.

field of hematology, for treating eye and heart diseases in human beings. Because of the multitude

The heart is your area of expertise. Once Udo Linden-

of current developments and clinical studies we can

berg sang about ...

expect novel therapy approaches that may induce

Prof. Dr. Gustav Steinhoff: “You cannot repair a heart”.

healing processes for many other diseases in the next

Udo Lindenberg was right. But, the regrowing heart is

years which have so far been inconceivable. For the

my vision. I work on it with all my heart.

best possible quality assurance of novel cell therapies
extensive tests in the laboratory as well as in clinical

You have once described Regenerative Medicine as

trials are legally required. Quality, safety and efficacy

the research field of the 21st century. Why?

of the therapy approaches can be tested in specially

Prof. Dr. Gustav Steinhoff: Over the past 15 years,

designed University innovation centers, such as the

stem cell research has been triggering an enormous

RTC. Only after approval by the national authorities

progress in developmental biology and Regenerative

and/or authorization by the European Commission,

Medicine. At present, all over the world novel thera-

respectively, will the novel therapies be available for all

Your colleague from Essen, Dr. Wolfgang Ingenhag,
has called you a “hidden champion”. Are you upset
10

1.

Steinhoff G. (Herausgeber) Regenerative Medicine –

about this?

from protocol to patient (1st Edition) Springer Nether-

Prof. Dr. Gustav Steinhoff: No, I rather consider it as

lands, 1032 Seiten, ISBN-13: 978-90-481-9074-4,

a compliment. In 2001 I was the first physician world-

erschienen: 2011 Regenerative Medicine – from proto-

wide who injected adult stem cells in the heart. This

col to patient (2nd Edition) Springer Netherlands, 1220

made Rostock a well-known place in the scientific

Seiten, ISBN-13: 978-94-007-5689-2, erschienen:

community and finally resulted in the foundation of
the RTC only seven years later. In spite of our rather

2013
2.

remote location we have excellent conditions for our
research in the Hanseatic city of Rostock. One of our

Steinhoff G. Regenerative Medicine - not just one step
away. J Cell Mol Med. 2008 Oct;12(5B):1794.

3.

Steinhoff G, Tiedemann G, Thalheimer M, Ho AD.

specialties is that the research division of the RTC is

From basic research to the clinic. Regulations for pre-

affiliated with the University Rostock Medical Center.

clinical and clinical studies with stem cells. Bundesge-

Therefore, we have the advantage of a close collabo-

sundheitsblatt Gesundheitsforschung Gesundheits-

ration between our research in the lab and the clinic

schutz. 2008 Sep;51(9):973-9. German.

and patient care. To optimize corresponding proce-

4.

Strauer BE, Steinhoff G. 10 years of intracoronary and

dures we have successfully established a translation

intramyocardial bone marrow stem cell therapy of the

management at the RTC

heart: from the methodological origin to clinical practice.
J Am Coll Cardiol. 2011 Sep 6;58(11):1095-104.

In addition, we have excellent connections to the industry. The companies Miltenyi-Biotec GmbH and Bio-

Review.
5.

tronik GmbH have successfully settled in the region,
Seracell Stammzelltechnologie GmbH is a spin-off of

patients. Until now, there are only few approved the-

In parallel to the worldwide first Phase III trial “PER-

rapy methods which are being applied in a few Ger-

FECT” for intramyocardial stem cell therapy, which

man therapy centers. Europe-wide there is still no au-

has been started in 2009 on our initiative together with

thorized therapy from Germany. This implies that our

excellent heart centers in Germany, important scienti-

country is running the risk of losing an internationally

fic parameters have additionally been analyzed for a

leading position.

more specific application of stem cells in the future. In
different projects, we investigate in how far conventi-

What are you and your team specifically working on

onal therapies can be optimized by combination with

in Rostock?

stem cells.

Prof. Dr. Gustav Steinhoff: In parallel to clinical trials
with stem cells and patient care with stem cell thera-

Furthermore, we want to find out whether a further

pies a team of researchers and physicians works on

improvement of stem cell effects on hearts can be

the field of stem cell research and therapy develop-

reached by genetic modification of stem cells. We

ment at the RTC labs. We investigate the regenerative

try to generate a method for a safe and efficient gene

efficacy of different human bone marrow-derived stem

transfer by using non-viral vectors to improve the re-

cell populations. We prove the quality, safety and effi-

generation of the diseased heart after application of

cacy of novel stem cell products developed for thera-

modified cells. Besides investigations of bone marrow

peutic use at heart, and last but not least, we improve

derived-stem cells a further subject deals with the pro-

already existing regenerative cardiovascular therapies.

gramming of selected cells in defined directions. Prof

In animal models, experiments have been conducted

Dr. Robert David from our group managed to generate

to clarify how cells behave in cardiac tissue after in-

a biological pacemaker by direct cell reprogramming.

jection. Do they reach their target tissue, do they fulfill

What we have so far only been able to show in the pe-

the expected function there, and will blood vessels be

tridish with mouse cells could possibly replace artificial

generated for better blood supply?

pacemakers in the future.

Steinhoff G. Re-growth of the adult heart by stem cells?
Eur J Cardiothorac Surg. 2014 Jan;45(1):6-9.

6.

Erben RG, Silva-Lima B, Reischl I, Steinhoff G, Tie-

the University of Rostock. These regional companies

demann G, Dalemans W, Vos A, Janssen RT, Le

with their focus on stem cell technologies and medical

Blanc K, van Osch G Phd, Luyten FP. White paper on

techniques contribute to an enormous added value of

how to go forward with cell-based Advanced Therapies

the location. Therefore, we are well-positioned for in-

in Europe. Tissue Eng Part A. 2014 Apr 22. [Epub

ternational competition.

ahead of print ]

“During several years, the RTC has exhibited many of their impressive
scientific achievements during the various yearly congresses held by
the European Society of Artificial Organs (ESAO). In addition professor Steinhoff was the Congress President and together with staff from
the RTC main responsible for the arrangement of the very successful
ESAO congress held in Rostock in 2012. As the ESAO president, I am
proud to have Prof Steinhoff as governor of the ESAO board and also
the RTC activities exhibited through the ESAO.
Prof.Bernd Stegmayr, MD, PhD
President of ESAO		
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1. Stem cells and cardiac
regeneration

Our work aims at understanding the function of se-

Hematopoietic bone marrow-derived

lected stem cell populations and the complex mecha-

CD133+ stem cells

nism of regeneration in target tissue. Based on this

In 2001, hematopoietic bone marrow-derived stem

background and by applying mechanistic research

cells have first been applied in clinical trials by German

approaches, we want to improve the efficacy of rege-

heart surgeons and cardiologists. The transplantation

nerative therapies and generate brand-new approa-

of these cells (CD133+ subpopulations or mononuc-

ches. Here, we take the conventional line of “Bench

lear cells (MNC)) provided beneficial effects on heart

to Bedside”, however we also reverse the procedures

function and of myocardium regeneration in patients

many times. Based on the results of clinical applica-

with cardiovascular diseases.

tion, we develop novel research approaches.
From 2011 to 2005 Prof. Steinhoff conducted clinical

The RTC works on the scientific investigation,
non-clinical and clinical development as well as
the therapeutic application of regenerative thera-

At the RTC we work intensively in particular with bone

trials (Phase I/II) (7-11) with autologous bone marrow-

marrow-derived primary stem cells. At the beginning,

derived CD133+ stem cells applied to patients with

we have focused on investigations of the subpopulati-

chronic ischemia after myocardial infarction. This me-

ons of CD133+ (hematopoietic stem cells) and CD271+

ans that the surgeon injected a suspension of isolated

(mesenchymal stem cells), but in the recent past we

and purified cell populations intramyocardially in the

have extended our focus on characterization of cardio-

infarct border zone during bypass surgery. The stem

myocyte subtypes which has resulted in the successful

cell transplantation was well tolerated and showed an

isolation of Mesp1+ progenitor cells and generation of

improvement of heart pumping function in the verum-

pacemaker cells by means of stem cell programming.

group compared to the control group.

pies. Our focus is on stem cell therapies to heal
heart diseases by cardiac regeneration. Our

7.

Stamm C, Westphal B, Kleine HD, Petzsch M, Kittner
C, Klinge H, Schümichen C, Nienaber CA, Freund M,

long-term goal is the “Regrowing Heart”.

Steinhoff G. Autologous bone-marrow stem-cell transplantation for myocardial regeneration. Lancet. 2003 Jan
4;361(9351):45-6.
8.

Stamm C, Kleine HD, Choi YH, Dunkelmann S, Lauffs
JA, Lorenzen B, David A, Liebold A, Nienaber C, Zurakowski D, Freund M, Steinhoff G. Intramyocardial delivery of CD133+ bone marrow cells and coronary artery
bypass grafting for chronic ischemic heart disease: safety
and efficacy studies. J Thorac Cardiovasc Surg. 2007
Mar;133(3):717-25.

9.

Yerebakan C, Kaminski A, Westphal B, Donndorf P,
Glass A, Liebold A, Stamm C, Steinhoff G. Impact
of preoperative left ventricular function and time from infarction on the long-term benefits after intramyocardial
CD133(+) bone marrow stem cell transplant. J Thorac

Figure 1:
SPECT-scans of the heart blood flow.

Cardiovasc Surg. 2011 Dec;142(6):1530-9.
10.

Donndorf P, Kundt G, Kaminski A, Yerebakan C,

(A,C) Scan of two patients before treatment (B,D) and after by-pass

Liebold A, Steinhoff G, Glass A. Intramyocardial bone

surgery and treatment with CD133+ stem cells. The patients showed

marrow stem cell transplantation during coronary artery

a clearly improved blood flow three weeks after treatment with stem

bypass surgery: A meta-analysis. J Thorac Cardiovasc

cells (B,D).
Autologous bone-marrow stem-cell transplantation for myocardial

Surg. 2011 Oct;142(4):911-20.
11.

Donndorf P, Steinhoff G. CD133-Positive Cells for Car-

regeneration. Stamm C, Westphal B, Kleine HD, Petzsch M, Kittner

diac Stem Cell Therapy: Current Status and Outlook. Adv

C, Klinge H, Schümichen C, Nienaber CA, Freund M, Steinhoff G.

Exp Med Biol. 2013;777:215-27.

Lancet. 2003;361(9351):45-6.
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Etablishment of stem cell isolation and storage

Migration capacity of hematopoietic stem cells

techniques

Migration and homing ability of stem cells towards a

Besides hematopoietic stem cells which express the

target tissue are essential features for their efficacy. It

marker CD133 and CD34, the bone marrow contains

is of critical importance that transplanted cells mig-

cells which are able to generate mesenchymal colo-

rate effectively into the surrounding area of damaged

nies ( so called „colony forming unit-fibroblasts“, CFU-

tissue.

F). Compared to CD133 stem cells, CD133 stem
-

+

cells are less differentiated. We found out that all of
the CFU-F generating cells are located in a population which expresses the marker CD271. This means
that a separation from fresh bone marrow can be conducted with the help of this new marker. According to
our results, hematopoietic and mesenchymal progenitor cells are two clearly distinguishable populations.
Hence, a subsequent dual isolation method of CD133+
and CD271+ cells from a single bone marrow sample
is now possible. With this, we have established isolation techniques which allow us to collect the needed
stem cell populations for our further experiments.
The stability of a stem cell product over a certain time
Pre-clinical knowlegde

In particular, the effect was induced by CD133+ stem

is essential for its clinical application because of me-

Prof. Steinhoff´s clinical trials were preceded by pu-

cells, which are able to reduce apoptosis of cardio-

thodical and organizational reasons resulting from the

blications about non-clinical studies, in vivo and in

myocytes and to increase the contractility of tissue.

manufacturing procedure and the transfer from and

vitro, whose positive results allowed the application

From today´s perspective cell differentiation as well

to the operating room. Stability analyses of CD133+

to human beings. Until today the mechanistic know-

as mediator release are involved in these procedures.

stem cells revealed that a storage period of maximum

ledge about mode of the heart is still inadequate. In

However, the regulation of these signaling pathways

30 hours did not impact the quality and function of the

the meantime, it is predominantly assumed that the

has not yet been analyzed. This shall now be identified

cell product at all. Consequently, impairment of effi-

regenerative efficacy is based on an increase of an-

by novel mechanistic research approaches.

cacy and safety will not be expected when applied in

giogenesis (forming of new blood vessels) including
the paracrine effects which are of fundamental impor-

human beings. However, a storage period of 72 hours
12.

tance.

Ma N, Stamm C, Kaminski A, Li W, Kleine HD, Müller-

caused a significant loss of stem cell function. These

Hilke B, Zhang L, Ladilov Y, Egger D, Steinhoff G.

results are of importance for the efficacy and safety of

Human cord blood cells induce angiogenesis following

a stem cell product in the clinical application (14, 15).

It has been published in many articles that the

myocardial infarction in NOD/scid-mice. Cardiovasc

CD133+ subpopulation has a key role in neoangio-

Res. 2005 Apr 1;66(1):45-54.

genesis (growth of new blood vessels). Furthermore,

14.

Ong L, Li W, Oldigs JK, Kaminski A, Gerstmayer B,

Ma N, Ladilov Y, Moebius JM, Ong L, Piechaczek

Piechaczek C, Wagner W, Li RK, Ma N, Steinhoff

Figure 2:

the CD133 cells seem to be able to differentiate into

C, Dávid A, Kaminski A, Choi YH, Li W, Egger D,

G. Hypoxic/normoxic preconditioning increases endo-

Localisation of transplanted cells which have been applied to the bor-

cells of the myocyte phenotype. Hence, they may be

Stamm C, Steinhoff G. Intramyocardial delivery of hu-

thelial differentiation potential of human bone marrow

der zone of myocardial infarction in a mouse model. The fate of the

able to contribute to perfusion improvement and to

man CD133+ cells in a SCID mouse cryoinjury model:

CD133 cells. Tissue Eng Part C Methods. 2010

cells has been proven by means of positron emission tomography: (A)

regeneration of contractile myocardium. At the RTC,

Bone marrow vs. cord blood-derived cells. Cardiovasc

Oct;16(5):1069-81.

transaxial imaging (B) coronal imaging

we proved in studies with mice (12,13) that an intra-

Res. 2006 Jul 1;71(1):158-69.

Lux CA, Mark P, Klopsch C, Laupheimer M, Tu-Rapp

Lang C, Lehner S, Todica A, Boening G, Franz WM, Bartenstein P,

myocardial application of bone marrow- and umbilical

H, Li W, Ma N, Steinhoff G, David R. Impact of short-

Hacker M, David R. Positron emission tomography based in-vivo ima-

blood-derived cells after ischemic damage had a po-

term liquid storage on human CD133 stem cells. Cell

ging of early phase stem cell retention after intramyocardial delivery

sitive effect on the angiogenesis and the survival of the

Transplant. 2014 May 2. [Epub ahead of print]

in the mouse model. European journal of nuclear medicine and mo-

animal in a cryo-injury model.

13.

+

15.

lecular imaging. 2013.

16

In vitro and in vivo investigations of human CD133+

by adherence to plastic. MSC are generally uncom-

Isolation

- or it may result in expanded cells which have the

cell migration were conducted by measuring the im-

plicated to isolate. They are rapidly and permanently

Until now, it has been impossible to effectively isolate

advantage to be available in larger amounts and from

pact of SDF-1 in the boyden-chamber and with help

available in larger amounts from cell culture. These

MSC freshly from bone marrow for their therapeutic

storage.

of a xenogenic transplantation model (injection into the

features benefit the therapeutic application. Since the

application using specific surface markers and their

circulation of the dissected mouse cremaster muscle),

actually used hematopoietic stem cells for therapies

adhesion and differentiation capacity. For the first

Even if it is easy to cultivate MSC, as mentioned abo-

respectively, and visualized by intravital microscopy

at the RTC do not exhibit such beneficial features we

time, with help of the surface protein CD271, we ma-

ve, it will be a long way until it will be possible to use

(16, 17). An increased interaction of CD133 cells with

are presently working intensively on this human bone

naged to isolate all mesenchymal progenitor cells of a

MSC derived from cell cultures in therapy. For this pur-

the endothelium in mouse cremaster muscle impac-

marrow-derived subpopulation.

single population from human bone marrow by means

pose, the cell stability in the cell cultures needs to be

+

ted by SDF-1 has been observed. In addition, super-

of immuno-magnetic methods. Furthermore, we were

proven. This will require intensive investigations of cell

fusion of the cremaster muscle with SDF-1 caused an

We were able to show that depending on its source,

able to prove further mesenchymal markers being

growth and expansion as well as a critical evaluation

increased expression of the SDF-1 receptor CXCR4 in

the human MSC exhibited differences in cardiac rege-

expressed on freshly isolated CD271 cells using a

of all used expansion media.

the endothelium (18).

neration potential. Our studies showed that LAD liga-

multiple staining. This method has been successfully

+

ture induced MI immune-deficient mice injected with

established by us and may lead to the development

It is known, that uncontrolled expansion of non-puri-

From now on, these in vitro and in vivo models are

bone marrow-derived MSC (BM-MSC) revealed sig-

of new approaches for the development of optimized

fed and long-term cultured MSC cause cell degene-

available also for investigations of patient probes at

nificantly improved heart function compared to mice

therapies.

ration such that these cells are high-risk for therapeu-

the RTC. At present, we are continuing to standardize

injected with umbilical blood-derived MSC (CD-MSC)

these models and the GLP requirements will be achie-

which were isolated and purified in the same man-

This research program lays the foundation for the de-

showed that rat MSC spontaneously transformed

ved, soon. We also are working on the development of

ner. The study also demonstrated that animals trea-

velopment of novel MSC stem cell preparations for the

already at early passage. Their typical morphological

novel in vivo imaging techniques to proof cells in small

ted with BM-MSC showed the highest survival rate.

application to human beings to treat cardiovascular

spindle shape changed to a compact shape (23,24).

animal models (19).

Furthermore, their hearts had a significantly reduced

diseases. When we have completed our planned pre-

The expanded MSC proliferated abnormally fast and

16.

cardiac remodeling (20). This is the reason why we are

clinical work and the standardization of a GMP-con-

some of them formed themselves to multilayer ag-

Kaminski A, Ma N, Donndorf P, Lindenblatt N, Feld-

currently focusing on bone marrow as source for our

form manufacturing procedure a quality assured and

gregates. Furthermore, we were able to observe that

meier G, Ong LL, Furlani D, Skrabal C, Liebold A,

analysis at the RTC.

good characterized MSC product will be available for

the number of their chromosomes was unstable. Our

clinical testing of safety and efficacy, finally. This may

immunophenotypic analysis revealed that the charac-

Vollmar B, Steinhoff G. Endothelial NOS is required
Gaebel R, Furlani D, Sorg H, Polchow B, Frank J,

result in a primary cell product, in each case freshly

teristic membrane proteins CD29, CD44, CD90 and

adhesion of c-kit+ bone marrow stem cells. Lab Invest.

Bieback K, Wang W, Klopsch C, Ong LL, Li W, Ma

prepared by us at the “Point of Care” – if practicable

CD117 are missing on these cells. Experiments with

2008 Jan;88(1):58-69.

N, Steinhoff G. Cell origin of human mesenchymal stem

Furlani D, Donndorf P, Westien I, Ugurlucan M, Pitter-

cells determines a different healing performance in cardiac

mann E, Wang W, Li W, Vollmar B, Steinhoff G, Ka-

regeneration. PLoS One. 2011 Feb 10;6(2):e15652.

for SDF-1alpha/CXCR4-mediated peripheral endothelial

17.

20.

minski A, Ma N. HMGB-1 induces c-kit(+) cell microvascular rolling and adhesion via both toll-like receptor-2 and

18.

19.

tic application. Likewise, our own previous analysis

toll like receptor-4 of endothelial cells. J Cell Mol Med.

Mode of action

2012 May;16(5):1094-105.

Today it is assumed that MSC stimulate the produc-

Donndorf P, Useini D, Lux CA, Vollmar B, Delyagina

tion of growth factors and cytokines in cardiac tissue

E, Laupheimer M, Kaminski A, Steinhoff G. Analysing

and/or produce itself on-site after transplantation (21).

migratory properties of human CD 133+ - stem cells in

Hence MSC are able to inhibit directly or indirectly in-

vivo after intraoperative sternal bone marrow isolation. Cell

flammation and replace damaged cells as well. Over-

Transplant. 2013;22(9):1627-35.

all, they effect their neighboring area and support the

Lang C, Lehner S, Todica A, Boening G, Franz WM,

endogenous cardiac repair.

Bartenstein P, Hacker M, David R. Positron emission tomography based in-vivo imaging of early phase

The identification of the underlying mechanism (22) is

stem cell retention after intramyocardial delivery in the

still a major focus of the RTC.

mouse model. Eur J Nucl Med Mol Imaging. 2013
Oct;40(11):1730-8.

21.

Nesselmann C, Ma N, Bieback K, Wagner W, Ho A,
Konttinen YT, Zhang H, Hinescu ME, SteinhoffG. Mesenchymal Stem Cells and Cardiac Repair. J Cell Mol

Mesenchymal bone marrow-derived
CD271+ stem cells

Med. 2008 Oct;12(5B):1795-810.
22.

Schade A, Muller P, Delyagina E, Voronina N, Skorska

Mesenchymal stem cells (MSC) are considered as

A, Lux C, Steinhoff G, David R. Magnetic Nanoparticle

promising cells for treating diseases associated with

Based Nonviral MicroRNA Delivery into Freshly Isolated

damage of heart tissues. Under laboratory conditions,

CD105(+) hMSCs. Stem Cells Int. 2014;2014:197154.

the cells have advantageous features because they
can be easily isolated and quickly proliferated ex vivo

17

18

uncontrolled expanded cells which were conducted

These findings led us to the conclusion that the deve-

for the isolation of common cardiovascular progenitor

in an experimental animal model of myocardial infarc-

lopment of primary cell preparations using the CD271+

cells by means of magnetic cell sorting (MACS).

tion (MI) did not show any therapeutic effect at all after

sub population for the application to human beings

transplantation.

exhibits a promising therapeutic potential such that

The next focused steps are meant to continue the cha-

we want to promote its application. It also became

racterization of this Mesp1-positive cell population as

A further critical point is the use of bovine serum for

clear that currently MSC cell products derived from

well as the identification of Mesp1-dependent signa-

MSC cell cultures. Because of the BSE problem and

cell cultures are still high risk for therapeutic applica-

ling cascades, including the characterization of Mesp1

the variable components of the bovine serum its use

tion such that substantial further work is needed. We

promotor in respect of its regulation by upstream fac-

on human beings presents a safety hazard. This was

are willing to meet this challenge in the next step.

tors and the identification of involved co-factors. For

the reason why we preferred to avoid its application
and therefore analyzed the effect of serum free ex-

this purpose, we will use our established ES as well
Furlani D, Li W, Pittermann E, Klopsch C, Wang L,

as new ES and iPS cell lines. Amongst others, we will

pansion medium on metabolic activity of MSC (25).

Knopp A, Jungebluth P, Thedinga E, Havenstein

conduct electrophysiological and pharmacological

Using a serum free medium both the expansion speed

C, Westien I, Ugurlucan M, Li RK, Ma N, Steinhoff

and the number of clonal MSC colonies per patient

G. A transformed cell population derived from cultured

are absolutely comparable with standard medium, or

mesenchymal stem cells has no functional effect after

are even slightly increased. Furthermore, the charac-

transplantation into the injured heart. Cell Transplant.

23.

teristic immunphenotypical features of cells cultured
in serum free medium are nearly similar to those cells

19

2009;18(3):319-31.
24.

analysis and try verify of cardiovasculogenic multipo-

Furlani D, Ugurlucan M, Ong L, Bieback K, Pitter-

cultured in serum containing medium: the hematopo-

mann E, Westien I, Wang W, Yerebakan C, Li W, Ga-

eitic marker CD45 was absent, but cells were positive

ebel R, Li RK, Vollmar B, Steinhoff G, Ma N. Is the

for the surface markers CD29, CD90, CD44, CD73

new understanding of yet unknown regulation casca-

intravascular administration of mesenchymal stem cells

and CD105. It has been observed that bovine serum

des and factors which are significantly involved in the

safe? Mesenchymal stem cells and intravital microscopy.

induction of cardiovascular development processes.

Microvasc Res. 2009 May;77(3):370-6.

In the future, we hope to manage purification of early-

Mark P, Kleinsorge M, Gaebel R, Lux CA, Toelk A,

sis and stimulates the regeneration after myocardiac

staged cardiovascular cell types with respect of fu-

Pittermann E, David R, Steinhoff G, Ma N. Human

infarction in a mouse model: CD105 expression in

ture clinical application without genetic modifications.

Mesenchymal Stem Cells Display Reduced Expression of

MSC, which were cultured in serum medium, was sig-

For all these experiments we aim at a combination of

CD105 after Culture in Serum-Free Medium. Stem Cells

nificantly increased. Altogether, the MSC differentiated

Int. 2013;2013:698076.

had an effect on the membrane-bound glycoprotein
CD105 which plays an important role in angiogene-

similarly to osteogenic, chondrogenic and adipogenic
cells – independently of expansion medium (26).

25.

26.

A

B

tency by means of in vivo analysis. We expect to gain

system-biological approaches with conventional cell
biology.

Muller P, Bulnheim U, Diener A, Luthen F, Teller M,
Klinkenberg ED, Neumann HG, Nebe B, Liebold A,
27.

Steinhoff G, Rychly J. Calcium phosphate surfaces

David R, Brenner C, Stieber J, Schwarz F, Brunner

promote osteogenic differentiation of mesenchymal stem

S, Vollmer M, Mentele E, Müller-Höcker J, Kitajima S,

cells. J Cell Mol Med. 2008 Jan-Feb;12(1):281-91.

Lickert H, Rupp R, Franz WM. MesP1 drives vertebrate
cardiovascular differentiation via Dkk-1 mediated blockage
of wnt- signalling. Nat Cell Biol. 2008 Mar;10(3):338-

C

Cardiovascular Mesp1 progenitor cells

45.

+

A further future aim of our group is to program pluri-

28.

David R, Fischer E, Stieber J, Brunner S, Brenner C,

potent cells directly thus that they effectively differen-

Schwarz F, Franz WM. Forward programming of pluripo-

tiate to specific cells. For this purpose, we first need

tent stem cells towards distinct cardiovascular cell types.

to identify the biological processes of cardiovascu-

Cardiovasc Res. 2009 Nov 1;84(2):263-72.

lar stem cell differentiation. In our previous work, we

Figure 3:

were able to show that the transcription factor Mesp1

MesP1-mediated induction of cardiovasculogenesis in stem cells. (A)

Rupp RA. Cardiac differentiation in Xenopus is initiated by

is a central regulatory element for the induction of car-

Electron Microscope image reveals that MesP1 programmed ES-cells

mespa. Cardiovasc Res. 2013 Mar 1;97(3):454-63.

diovasculogenesis (27-31). In this context we found

preferably differentiate into cardiomyocytes (B) which contact each

the promotor of the Dkk-1 gene to be up-regulated

other through typical intracellular connections („gap junctions“).

WM, Martin U, Zweigerdt R. Directing cardiomyogenic

by MesP1. This up-regulation effects the inhibition of

In addition to increased formation of cardiomyocytes MesP1-media-

differentiation of human pluripotent stem cells by plasmid-

the canonical Wnt signaling pathway. In the following,

ted programming also results in a significant accumulation of endo-

based transient overexpression of cardiac transcription

we were able to manage cardiovascular program-

thelial cells (C).

ming of ES-cells into various different myocardial cell

David R, Brenner C, Stieber J, Schwarz F, Brunner S, Vollmer M,

subtypes for the first time: MesP1 lead to early but

Mentele E, Müller- Höcker J, Kitajima S, Lickert H, Rupp R, Franz

Brenner C, Jarsch V, Stieber J, Franz WM. Selection of

still multipotent cells whereas Nkx2.5 induced the oc-

WM. MesP1 drives vertebrate cardiovascular differentiation via Dkk-

a common multipotent cardiovascular stem cell using the

currence of terminally differentiated ventricular cells.

1 mediated blockage of wnt- signalling. Nature Cell Biology 2008

3.4-kb MesP1 promoter fragment. Basic Res Cardiol.

Most recently, we established the Mesp1 promoter

Mar;10(3):338-45.

2013 Jan;108(1):312.

29.

30.

Kriegmair MC, Frenz S, Dusl M, Franz WM, David R,

Hartung S, Schwanke K, Haase A, David R, Franz

factors. Stem Cells Dev. 2013 Apr 1;22(7):1112-25.
31.

David R, Schwarz F, Rimmbach C, Nathan P, Jung J,
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Pacemaker cells

transgenic mouse line. Parallel to this, we will trans-

At the RTC, we do not only work on “conventional”

fer our methodology for application to the generation

heart diseases but also on treatment methods for

of human pacemaker cells from hiPSCs. Then, RNA-

other types of cardiovascular disease.

sequencing of murine and human sinus nodal cells will

21

be conducted.
The “Sick-Sinus-Syndrome” is used as a collective
term to describe a series of diseases of pacemaker

Our goal is to identify new factors and cell surface mo-

cells in the sinus node of the heart. Suitable cell sour-

lecules with which cell programming and purification

ces for cell replacement are pluripotent stem cells,

approaches can be optimized such that clinical trans-

preferably autologously induced pluripotent stem cells

lation can be archieved.

(iPSC). To continue our preliminary work, we used the
approach of subtype-specific programming (32) cells

32.

David R, Franz WM. From Pluripotency to distinct Car-

into cardiomyocytes ES working with Tbx3, a key fac-

diomyocyte Subtypes. Physiology (Bethesda). 2012

tor for induction of sinus nodal cells, in combination

Jun;27(3):119-29.

with Myh6 promotor-based antibiotic selection. In a

33.

Jung J, Husse B, Rimmbach C, Krebs S, Stieber J,

recently published work we were able to show for the

Steinhoff G, Dendorfer A, Franz WM. Programming

first time that this method leads to high-purity pace-

and Isolation of Highly Pure Physiologically and Pharma-

maker cell aggregates generated from murine ES cells

cologically Functional Sinus-Nodal Bodies from Pluripotent

whose functionality could be proven both in vitro and
ex vivo (33,34).

Stem Cells. Stem Cell Reports. 2014;2(5):592-605.
34.

Schutzrechtanmeldung am 20.12.2013 durch die
Universität Rostock: DE102013114671.6: „Verfahren

The next aim will be the completion of the functional

zur Erzeugung von Sinusknotenzellen („Herz-Schritt-

characterization of murine pacemaker cells and the

macher-Zellen“) aus Stammzellen“

performance of in vivo “Rescue experiments” using a

A

B

“I met Prof. Steinhoff and his colleagues during the preparation of the
annual ESAO congress that was organized by RTC in Rostock in Sept
2012. I was impressed by their commitments for ESAO as well as by
C

the outstanding quality of their scientific work and infrastructures.”
Cécile Legallais

Directeur de Recherche CNRS
Figure 4:
(A) TBX3-based programming combined with Myh6 promotor-based antibiotic selection.
(B,C) Typical morphology of generated pacemaker cells: (B) „spindle cell“ and (C) „spider cell“
Scale:50µm
Jung J, Rimmbach C, Husse B, Krebs S, Stieber J, Steinhoff G, Dendorfer A, Franz W-M, David R.
Programming and Isolation of Highly Pure Physiologically and Pharmacologically Functional SinusNodal Bodies from Pluripotent Stem Cells. Stem Cell Reports. 2014;Vol. 2(Issue 5):p592-605.

Université de Technologie de Compiègne (UTC) France
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„Over the course of the past years the collaboration between the RTC and the Saint Petersburg
State Chemical Pharmaceutical Academy (SPCPA)
has been evolving well. Today, we conduct scientific investigations of the new polymer delivery
systems for the supply of various intracellular con„I have been working at RTC for 5 years. Here I
learned to apply the knowledge gained previously
and work in team. Every single day in the RTC lab
I use the chance to learn something new and grow
up as a researcher.“
Evgenya Delyagina

Scientist, PhD Student RTC

structions.“
Prof. Dr. Olga Kudritskaya

Chemisch-Pharmazeutische Akademie (SPCPA)
St. Petersburg, Russland
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2. Clinical Implementation

The product- and indication-specific preparation of
clinical testing programs is always performed in a joint
effort between the team of well-trained clinical trial in-

25

vestigators, study nurses and scientists in charge of
the product development and production from the
R&D division. Our therapies which are already or will in

From the very beginning all research and deve-

the future be applied to human beings are based on
primary or modified stem cells or possibly on regenerating active ingredients. According to German law all

lopment at the RTC has the strategic goal of clini-

of them fall under the German Medicines Act. From

cal implementation. For a successful translation,

at the RTC) and are intended to be applied for therapy

a regulatory point of view, stem cells which are being
extracted from the human bone marrow (as is practice
of heart diseases are classified as “Advanced Therapy

the RTC team possesses profound expertise in

Medicinal Products” (ATMP). Since the end of 2008,

the area of legal and regulatory requirements.

Regulatory Law leading to a new regulation for ad-

this particular group of medicinal products has been
put under the roof of the European Pharmaceutical
mission, control and pharmacovigilance in the entire
European Union.

For the whole process of translation, we have developed quality standards at the RTC and we have

At the RTC, compliance with the German Medicines

established a corresponding quality assurance- and

Act is ensured during the whole process: for pre-cli-

quality management system. Based on this, we may

nical development of the products and for clinical im-

formulate guide lines for stem cell therapies in the fu-

plementation. Hereby, all steps are taken according to

ture which may then be transferred to all centers and

the quality standards of “Good work practices” (GxP).

will then be of great benefit for all patients.

Clinical trials are conducted according to the rules of
“Good Clinical Practice” (GCP). This includes that - at

At the RTC, we also pay attention to the topic of vi-

the time that permission for the trials is requested from

gilance which is particularly important for innovative

the authorities - pre-clinical developments have alrea-

therapies. For this purpose, we have established a

dy been sufficiently verified (in-vitro and in animal mo-

register in which all necessary data of patients who

dels) and corresponding work has been carried out in

have been treated at the RTC are being documented.

a standardized way and - where possible - according

This way, the health state of the patients is followed up

to the quality standards of “Good Laboratory Practice”

by us for the rest of their lifetimes. Regular analysis of

(GLP) ––. Owing to the current process of establishing

data stored in this register will also be used at the RTC

GLP at the RTC, the RTC is well positioned for this

for the purpose of prevention research.

task.
According to German Medicines Act, the production
of our investigational medicinal products and medicinal products for patient care needs to concur with the
standards of “Good Manufacturing Practice” (GMP).
Actually, this is guaranteed by our partners who manufacture the products on behalf of the RTC using material that is being delivered by us like autologous bone
marrow from corresponding patients. In the future, we
plan to manufacture stem cell products directly in our
operation area (Point-of-care manufacturing) where
this is deemed advantageous. For this purpose we
established our “manufacturing facility” and are in the
process of developing different GMP-procedures and
acquiring the necessary authorizations from the competent authorities.
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ciples (37-38). For the conduct of PERFECT as well

the German Medicines Act (AMG) has to make sure

as its accompanying research program, the RTC

that its planning, conduction, documentation and re-

has been able to gather several leading Heart cen-

porting the results needs to be in agreement with the

ters in Northern and Eastern Germany in the frame

requirements of GCP. This also applies to clinical trials

of the “Kompetenzliaison kardiale Stammzelltherapie”

with stem cells – provided these are classified as “Me-

(Competence-liaison cardiac stem cell therapy): these

dicinal Products” or as “Advanced Therapy Medicinal

are the Hannover Medical School, the German Heart

Products” (ATMP), respectively (39, 40).

Center Berlin, the University Heart Center Hamburg,
the Heart Center Leipzig, the Heart and Diabetes Cen-

Since the bone marrow-derived CD133+ stem cells

ter Bad Oeynhausen, and the University Rostock Me-

which are investigated in the study PERFECT with

dical Center. Manufacturer of the investigational me-

regard to their application to the heart are ATMP and

dicinal product as well as sponsor of the study is the

hence fall under the German Medicines Act, the RTC –

company Miltenyi Biotec GmbH which is also involved

in close coordination with the sponsor and other clini-

in the accompanying research program. Most of the

cal trial sites – has made sure that the requirements of

involved clinical trial sites have been subject to an in-

the GCP are being followed for all stages of planning,

spection by the German Competent Authoriies in the

authorization, conduction, and subsequent surveil-

course of last year. During these inspections, no major

lance. An inspection of PERFECT in summer 2013 by

PERFECT – the first Phase III stem cell trial of

Before that, the first Phase I trial (2001-2003) was

issues were identified. The results of the study will be

the Federal German Authorities on behalf of the Euro-

heart regeneration

conducted in Rostock with which it was possible to

published and will serve as a reference standard for

pean Union has hence not identified any major issue.

In 2009, the study “PERFECT” was started as the

proof the safety of intramyocardial stem cell therapy

future applications of CD133 -stem cells.

worldwide first Phase III clinical trial on stem cells in

with bone marrow-derived CD133 stem cells. Sub-

heart diseases following an initiative of the RTC. It

sequently, a randomized Phase IIa trial (2003 - 2005)

is the aim of this multicentric study to demonstrate

was conducted in which a significant improvement

safety and efficacy of a therapy in which autologous

of heart (pumping) function by means of the same

primary bone marrow-derived CD133 -cells are intra-

stem cell therapy could be demonstrated. In parallel,

myocardially applied following a standardized, quality-

a randomized placebo-controlled Phase IIb trial was

assured concept. It is the aim of the RTC to establish

conducted at the German Heart Center, Berlin (2005-

a “golden standard” for stem cell therapy by means of

2011). Also in the course of this study, bone marrow-

this double-blind study against which all future deve-

derived CD133 stem cells were used, however, there

lopment can be evaluated.

were differences in the concentration of products, in

+

+

With this “GCP-seal of quality” both the study center

+

35.

Gebker R, Doltra A, Knosalla C, Choi YH, Hetzer R, Stamm C. Autologous CD133+ bone marrow
cells and bypass grafting for regeneration of ischaemic
myocardium: the Cardio133 trial. Eur Heart J. 2014
May 14;35(19):1263-74.
36.

+

stem cell therapy in combination with coronary artery
bypass grafting, the PERFECT Phase III randomized

comparison to the previous studies. At this time, it is

multicenter trial: study protocol for a randomized con-

not clear whether these differences played a role for
between the placebo-group and the group that had

trolled trial. Trials. 2012 Jul 2;13:99.
37.

invasive intramyocardial injection of bone marrow-

the multicentric Phase III trial PERFECT which aims

derived AC133 stem cells in patients with refracto+

for the systematic proof of safety and efficacy of this

ry ischemia: preliminary results. Thorac Cardiovasc

novel therapy may lead to clarification regarding this
point (see 35). PERFECT is the first randomized placebo-controlled Phase III trial on CD133 stem cells,

Cardiovascular MRI image of change of tissue structure after intra-

which is strictly conducted according to the rules of

myocardial stem cell therapy (a,b)

GCP (36). Since the study is designed to be double-

a) Cardiovascular MRI sectional view of a septal scar zone two months

blind, there are so far no results regarding the effica-

after myocardial infarction by LAD ligation before intramyocardial au-

cy of the therapy. Regarding safety, there have so far

tologous CD133 stem cell transplantation. Global LVEF was 31%.

been no adverse events which imply a therapy risk.

+

+

b) One year later the image shows an almost unaltered dilatation of
the infarct scar and at the same time a clearly improved global LVEF
of 47%.

Pompilio G, Steinhoff G, Liebold A, Pesce M, Alamanni F, Capogrossi MC, Biglioli P. Direct minimally

been treated with stem cell therapy. The outcome of

Figure 5:

Donndorf P, Kaminski A, Tiedemann G, Kundt G,
Steinhoff G. Validating intramyocardial bone marrow

the way of application and also in the indication in

the fact that no significant difference could be found

Nasseri BA, Ebell W, Dandel M, Kukucka M,

Surg. 2008 Mar;56(2):71-6.
38.

Kaminski A, Donndorf P, Klopsch C, Steinhoff G.
Surgical intramyocardial stem cell therapy for chronic
ischemic heart failure. Herz. 2010 Aug;35(5):32433.

and the translation management of the RTC are well
positioned to conduct further clinical trials on human
beings in the context of novel cell- and gene-therapy
approaches as “Investigator Initiated Trials” (IIT) or in
collaboration with industrial sponsors as “Company
Initiated Trials” (CIT) in the cardiovascular field. At the
moment, the RTC is preparing two IITs addressing
new questions of indication and application for stem
cell-based cardiac therapies.
Our practical experience and the clinical results of
more than 200 stem cell patients show that quality
assurance and management in the scope of stem
cell treatment – and consequently standardization –
are critical factors. Comparisons concerning efficacy
and safety without clear definition of indication and
treatment standards are not legitimate. Beside clearly
defined indication and diagnosis as well as investigational medicinal product (IMP) (concerning cell sort,
source material, manufacturing method, cell number,
cell concentration, excipient, storage- and transport
period etc.) and way of application (intramyocardially:
injection volume, number and penetration depth of
the injections, puncture areal; intracoronary: applied
method etc.) have to be clearly defined. The signifi-

Already in the course of 2014, a partially unblinded

GCP – Clinical trials on human beings according

cance of quality assurance and standardization of the-

interim-analysis is planned from which data regarding

to „Good Clinical Practice“

rapies as well as compliance with GCP are also being

the efficacy of the therapy may be expected.

In 2004, the directions for the application of Good Cli-

stressed by the fact that numerous comparative pub-

nical Practice (GCP) were adopted to German law in

lications cast a shadow of doubt on the value of stem
cell therapies in cardiovascular diseases because they

Kaminski A, Donndorf P, Klopsch C, Steinhoff G. Surgical intramyo-

For the first time, this clinical study is accompanied

the form of the GCP-regulation following the European

cardial stem cell therapy for chronic ischemic heart failure. Herz, 2010

by an extended research program for quality assu-

guideline 2001/20/EG. Since then, each clinical trial

demonstrate that results are not sufficiently compara-

rance and for research of the basic mechanistic prin-

involving human beings according to §4 Abs. 23 of

ble due to lack of standardization and unification.

(5):324-33.
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The RTC considers the topic of quality assurance and

depending on the corresponding treatment procedu-

nently expand the spectrum of tests in an uncompli-

In Germany, the permission is granted by the corres-

standardization as an important task in the frame of its

re. Based on these data, we aim to formulate sugges-

cated manner.

ponding state authority and may only be denied if the

positioning as a reference centre. Therapy standards

tions for standardization and quality assurance which

that have been developed at the RTC are being dis-

may then be used in discussion with the expert com-

The GLP-test procedures which the RTC plans to es-

cussed with the authorities in the frame of the „Com-

munities and authorities for the formulation of guideli-

tablish in the future are meant to become standards

At the RTC, all therapeutically used stem cell products

petence liaison“ in order to reach standardization. In

nes for stem cell therapy of cardiovascular diseases.

for all further non-clinical investigations in the frame of

are manufactured according to the Arzneimittel- und

consequence, it regularly happens that – besides the

In the very first place, however, these analyses are of

our therapy development. Also, we plan to offer this

Wirkstoffherstellungsverordnung (AMWHV) (German

normal path from „Bench to Bedside“ - the opposite

prime importance for the safety of our patients and for

service to external parties.

„Pharmaceuticals and Active Agent Manufacturing

path has to be taken, i.e., clinical approaches have to

the optimization of our therapies.

be re-evaluated in the laboratory.
The register is web based such that other centres may

regulations of GMP have not been followed thoroughly.

41. Ou L, Li W, Liu Y, Zhang Y, Jie S, Kong
D, Steinhoff G, Ma N. Animal models of
cardiac disease and stem cell therapy. Open

Ordinance“). This regulation defines the application of
GMP-regulations for the manufacturing of medicinal
products and active ingredients as well as the application of the GFP (German „Codes of Good Practice“))-

The RTC considers it as an additional task to commu-

easily join it. In the frame of the PERFECT trial data

nicate the know-how that has been acquired in clini-

from patients from all six participating centres of the

cal practice in the form of presentations, lectures and

„Competence liaison“ will be recorded in the frame of

ducts of human origin – i.e., in our case to the sampling

seminars and to discuss individual approaches with

GVP.

of raw material (bone marrow donation).

Cardiovasc Med J. 2010 Nov 26;4:231-9.

regulations which apply to the manufacturing of pro-

interested parties. A further development of an advisory service for regulatory issues concerning planning,

In the future, the RTC will focus more on the field of

GMP – Stem cell isolation according to

The manufacturing of our stem cell products is currently

surveillance, and realization of cardiovascular stem

vigilance and health care research and try to initiate a

“Good Manufacturing Practice”

carried out by our partner Seracell Stammzelltechno-

cell-based IITs is currently under preparation by our

closer communication with authorities, health insuran-

Stem cell products derived from bone marrow and in-

logie GmbH who possesses the necessary laboratory

study management.

ces and other partners.

tended to be applied to the heart intramyocardially have

facility and permissions after formal purchase order from

been classified by the EMA (CAT) as ATMP, subgroup

the RTC. At the moment, this applies to the PERFECT

39.

Tiedemann G, Wagner A. RegMed-Regularien im
Praxistest: Herausforderungen und Hemmnisse der
Translation. Regenerative Medizin. 2011;(1):21-25.
German.

40.

Tiedemann G, Sethe S. Regulatory Frameworks for
Cell and Tissue Based Therapies in Europe and the
USA. „Regenerative Medicine – from protocol to
patient“, Ed: Gustav Steinhoff, Springer Netherlands. 2011; Part V:937-68.

„Tissue Engineered Products (TEP) “ and hence fall un-

investigational medicinal products which are manufactu-

GLP – Pre-clinical development according to

der the German Medicines Act – as mentioned before.

red following a purchase order from the sponsor (Milte-

„Good Laboratory Practice“

This implies that authorization of the local authority is

nyi Biotec GmbH) as well as to the products for therapy

Bone marrow-derived stem cell preparations for cardi-

required for everybody who intends to produce them.

applications which are being manufactured for the RTC.

ovascular application have been classified as „ATMP“
such that they fall under the German Medicines Act.
This implies that all legal requirements for the pre-clinical tests of medicinal products apply. However, the
authorities acknowledge that these standard requirements are not automatically applicable because of the
unique and very diverse structural and biological properties of ATMP. In this sense, there are so far no uni-

GVP –Patient care and life-long follow up of ap-

quely defined requirements, detailed instructions do

plications according to „Good Vigilance Practice“

not yet exist for laboratory experiments or for special

The RTC has established a register for long term fol-

animal models (41). This also implies that the quality

low up of heart patients who have been treated with

standards according to GLP have not yet been gene-

stem cells. These data are used to ensure the safety

rally requested. Often, appropriate models and corre-

of the application of stem cell products in the cardio-

sponding certified laboratories do not exist, yet.

vascular field (therapy vigilance).
At the RTC, we work on conducting all significant
In the register, the data of all patients are recorded

steps of our pre-clinical development work in com-

who have been treated with stem cells at the Clinic for

pliance with GLP. In close connection with the corre-

Heart Surgery at the Rostock University in the frame

sponding authorities, the RTC selects, evaluates and

of their therapy or in the frame of clinical trials. In ad-

demonstrates (if possible) parameters and procedures

dition, the register records data from control group

for proving quality and safety of stem cell products.

patients to facilitate comparative studies with regard

Corresponding laboratories and instruments are qua-

to the efficacy of the therapies. All treatment data are

lified at the RTC. Also, the RTC takes care of neces-

collected in a pseudonymous form.

sary qualification and test procedures. The RTC staff
receives special training for all organisational and ex-

In 2014, we have started the systematic analysis of

perimental processes. In the near future, we plan to

long term data for the establishment of GVP-monito-

conduct all documentation in digital form. This will give

ring. This way we can clarify efficacy and safety, also

the RTC a leading position and will allow to perma-
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At the RTC, we are also preparing the possibility of

tion all SOPs and further documents for manufacturing

manufacturing stem cell products on our own. In the

will be finalized such that our manufacturing site may be

future, we plan to manufacture the stem cell products

subject to an inspection by the authorities.
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by means of the „Point-of-Care“-procedure (PoC) in our
operation areas. This is deemed very advantageous for

In advance, we have evaluated several systems which

suitable cell products: by means of far ranging automa-

are available on the market with respect to their suitabi-

tion will we be able to shorten the production times and

lity for a GMP-conform manufacturing in the operation

improve the standardization. Since the manufacturing

room area and we have then validated and standar-

will happen in close proximity and time to the treatment

dized selected GMP-conform cell isolation and purifi-

of the patient we will be able to significantly shorten

cation methods in close cooperation with our industry

the storage time of cells outside the human body. This

partners such that these are on their way to approval

should significantly improve the quality of the products.

by the authorities. Our quality assurance system inclu-

It should also shorten the patient‘s residence time in the

des the quality assurance of the products in our own

clinic with corresponding positive effects on cost saving

RTC-laboratories as well as under contract with other

and better compliance of the patient.

certified labs of the University Medicine Centre.
As the world-wide first clinical tiril site for more than
one year the RTC is in the possession of a CliniMACSProdigy – System following an intensive joint research
with Miltenyi Biotec. This system is a unique novel development for GMP-manufacturing of subpopulations
from bone marrow. This closed system which has been
developed by our partner Miltenyi Biotec GmbH is a
further development of the isolation system CliniMACS
which has so far been used for the manufacturing of
CD133+-cell products in clean rooms. With support by
Miltenyi Biotec, the RTC is validating and standardizing
this system for GMP-manufacturing at our facility in the
operation room area. As a first step, we plan to apply
for manufacturing authorization for PoC-manufacturing
of CD133+ stem cells. Later, we also plan to isolate
other cell populations for therapeutic applications.
Our application for manufactuing authorization will be
submitted to the competent authority of the state M-V
(AMÜSt). We will apply for authorization for both: to produce investigational medicinal products (IMP) for clinical
studies and to manufacture products for patient care
according to §4 b AMG (Hospital Exemption). After
achieving the manufacturring authorization, we will produce IMP as PoC for our already planned clinical trials
with CD133+ stem cell products. In parallel, we plan to
offer stem cell therapies to our patients – as we did
before the ATMP-regulation – under the „Hospital Ex-

In the operation room of cardiac surgery, we have in-

emption“ for which we also will prepare the stem cells

stalled a prototype facility for our own „Point of Care“-

in the „Point-of-Care“-procedure as introduced above.

manufacturing of stem cell products. In addition, we

For the therapy we have already been successful to se-

have installed a quality assurance system, we have

cure reimbursement by the health insurance by means

taken measures for room- and instrument qualification,

of a DRG.

and provisions for validation, we have audited our cooperation partners, and we have trained the involved
staff. With our application for manufacturing authoriza-

“RTC not only plays a significant role in stem cell and cardiac therapy worldwide. It is also a wonderful and unique place which maintains the right environment to support young scientists to flourish
and grow.”
Nan Ma

Prof. Dr. med. Dr. rer. nat

Institute of chemistry and biochemistry
Free University Berlin

Department Head of Biocompatibility

Helmholtz-Zentrum Geesthacht, Center of biomaterial research,
Teltow,Germany
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3. Technology
developments for
stem cell modifications

The aim of this process is both the identification of
novel regenerative approaches and the improvement
of already existing therapies. At the beginning, there
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is always the development phase in the laboratory
where both in vitro and in vivo tests are performed to
ensure quality and safety. Subsequently, clinical trials
are conducted to demonstrate safety and efficacy in
human beings with the overall goal to achieve market
authorization to routinely treat patients with these novel therapies.
We see a large potential for the improvement of the effi-

At the RTC, translation is a permanent process.

cacy of stem cell therapies through modification of stem
cells by means of gene transfer. For this, we put priority
on the application of magnetic nanoparticles in order

New insights from basic research as well as the

to avoid hazards associated with viral vectors. Another

application of novel technologies form the basis

means of “local drug release” with erythropoietin, we try

for a continuous innovation process.

area of our work is the optimization of cell seeding-techniques in the frame of cardiac “Tissue Engineering”. By
to optimize the efficiency of such approaches. Further
research directions are studies on “VEGF and angioge-

Figure 6:
Schematic of the magnetic transfection complex consisting of a
streptavidin-coated paramagnetic iron oxide nanoparticle. The nucleic acid (plasmid-DNA)-polyethylenimine complexes in turn bind the
streptavidin-biotin complex.

nesis” and on “AT II receptor stimulation”.
the basis of complexes composed of low-molecular
Already now, we frequently discuss our ideas with

polyethylenimine (PEI: Mw=800 Da, Mn=600Da) and

experts for bioinformatics. On the basis of our data,

magnetic nanoparticles (MNP, see 43). In particular,

these colleagues are able to design so called in-silico

we were able to show that this method does not or at

models. This is nowadays known under the heading

least only barely affect cell viability. By means of this

“System Medicine”. The results of such in-silico mo-

method, have established the transfection of human

del-investigations are then to be verified by means of

MSC at the RTC with the aim to genetically modify

in vitro/in vivo –investigations.

stem cells in order to improve their therapeutic efficiency (44-49).

Magnetic nanoparticles for non-viral gene transfer
In a previous study, we have been able to demons-

Since the systemic gene transfer is limited by unfavo-

trate that in-vitro magnetically controlled gene trans-

rable hydrodynamic conditions, magnetic nanopar-

fer of a viral MNP/Ad-complex in rat MSC amplifies

ticles were coupled to the PEI-complex such that it

transduction by as much as a factor of fifty. Rats who

was possible to guide them by means of a magnetic

received an injection of a MNP/AdhVEGF-Complex

field towards their target. With this method it was

through their tail vein which was subsequently guided

possible to achieve improved transfection efficienci-

towards the heart by means of a magnet which had

es both in various cell lines as well as in primary cells

been placed in the infarct zone revealed a significant-

while at the same time the cytotoxicity was signifi-

ly enhanced VEGF-expression in the ischemic part of

cantly reduced.

the heart (42). Four weeks after the infarction, this lead
to a significant improvement of the heart function and

Even without application of an external magnetic field,

to a reduced chronic cardiac remodeling. This implies

the combination of MNP with a complex composed

that magnetically controlled gene transfer opens the

of PEI and plasmid-DNA (pDNA) resulted in enhanced

possibility for a targeted local therapy in the frame of a

transfection efficiency in MSC. Using confocal micro-

systemic application. In general, future clinical applica-

scopy, we were able to show that pDNA is being re-

tions should aim to avoid viral gene vectors because

leased by the MNP in the perinuclear zone and then

of their potential side effects.

enters the cell nucleus. This experiment revealed that
the MNP resulted in an enhanced pDNA release rate

In this context, over the past few years we have suc-

and that the enhanced transfection efficiency of the

ceeded to develop a safe and efficient method of

pDNA/PEI-complex prevailed for up to 48 hours after

transfection in which we apply non-viral vectors on

transfection.

able to demonstrate a close relationship between
42.

34

43.

44.

Zhang Y, Li W, Ou L, Wang W, Delyagina E, Lux C,

functional changes of stem cells in cell culture under

Sorg H, Riehemann K, Steinhoff G, Ma N. Targeted

hypoxic conditions and a significant change of global

delivery of human VEGF gene via complexes of magnetic

gene expression profiles (48). In order to clarify the role

nanoparticle-adenoviral vectors enhanced cardiac rege-

of miRNA in the differentiation of human stem cells,

neration. Plos One. 2012;7(7):e39490.

we initially modified the activity of selected miRNAs

Li W, Ma N, Ong LL, Kaminski A, Skrabal C, Ugurlu-

in stem cells after which we evaluated the correspon-

can M, Lorenz P, Gatzen HH, Lutzow K, Lendlein A,

ding effect. It had already been documented in the

Putzer BM, Li RK, Steinhoff G. Enhanced thoracic gene

literature that miRNA-126 promotes angiogenesis. In

delivery by magnetic nanobead-mediated vector. J Gene

our in vitro angiogenesis-test system we were subse-

100 percent while at the same time no cell degrada-

Cardiac “Tissue Engineering” enables an improved

tion has been observed. During our experiments with

reconstruction of natural tissue structures. It is cur-

hMSC we did not observe any changes in the expres-

rently applied for cell seeding of cardiac valves or to

sion of the stem cell markers CD29, CD44, CD90, and

develop cardiac patches. At the RTC, we are currently

CD105 after transfer.

working on two different approaches for cell seeding
of materials.

For the reconstruction of natural tissue structures, the
insufficient supply of energy substrates to the cells af-

With the new development of a print technique of cells

ter implantation is a limiting factor. In order to accelera-

by means of laser-induced forward transfer (LIFT) for

te the formation of blood vessels, we applied HUVECs

Delyagina E, Li W, Ma N, Steinhoff G. Magnetic targe-

miRNA-126 amplifies network formation.

seeding materials with stem cells it is possible to order

(human umbilical vein endothelial cells) and MSC on

cells and biomaterials in complex three-dimensional

a cardiac patch in a precise grid structure similar to a

In order to utilize the large potential of antisense

(3d) matrices in order to reproduce the biological tis-

capillary net by means of LIFT (53). With this experi-

sue structure as precisely as possible (51). This me-

ment we were able to show that this dedicatedly arran-

thod can be applied to the production of skin subs-

ged co-culture of both cell-types amplified the speed

titutes and for the regeneration of infarcted tissue by

of blood vessel formation. After application of such a

means of “cardiac patches” (52).

cardiac patch to the infarct zone of immune-deficient

Wang W, Li W, Ou L, Flick E, Mark P, Nesselmann C,

RNAs in the future, we have furthermore extended our

Lux CA, Gatzen HH, Kaminski A, Liebold A, Lützow

non-viral DNA-transfer techniques by the transfer of

K, Lendlein A, Li RK, Steinhoff G, Ma N. Polyethyleni-

miRNA to stem cells (49, 50). Currently, we are plan-

mine-mediated gene delivery into human bone marrow

ning further activities in this area.

mesenchymal stem cells from patients. J Cell Mol Med.

A

2011 Sep;15(9):1989-98.
Delyagina E, Li W, Schade A, Kuhlo AL, Ma N, Stein-

48.

Ong L, Li W, Oldigs JK, Kaminski A, Gerstmayer B,
Piechaczek C, Wagner W, Li RK, Ma N, Steinhoff

hoff G. Low molecular weight polyethylenimine conjugated to magnetic nanoparticles as a vector for gene deli-

G. Hypoxic/normoxic preconditioning increases endo-

very. American Institute of Physics (AIP) Proceedings

thelial differentiation potential of human bone marrow

Series / 8th International Conference on the Scien-

CD133 cells. Tissue Eng Part C Methods. 2010

tific and Clinical Applications of Magnetic Carriers.

Oct;16(5):1069-81.

2010;1311: 479-484.
47.

„Tissue Engineering“

quently able to show that the enhanced expression of

2011 Nov;6(9):1593-604.

46.

For cell transfer via of LIFT, the survival rate is close to

Med. 2008 Aug;10(8):897-909.
ting strategies in gene delivery. Nanomedicine (Lond).
45.

Cell seeding-technologies for cardiac

Donor
slide

rats after ligation of LAD (left anterior descending), we
Laser pulses with
ablation spot size
of 40 μm
Locally evaporating
gold layer at the
focal point

Schade A, Muller P, Delyagina E, Voronina N,

Voronina N, Delyagina E, David R, Steinhoff G. Inor-

Skorska A, Lux C, Steinhoff G, David R. Magnetic

ganic nanoparticles for gene delivery. E-book: „Inorganic

Nanoparticle Based Nonviral MicroRNA Delivery into

Nanoparticles for Gene Delivery“. Future Science Pub-

Freshly Isolated CD105( ) hMSCs. Stem Cells Int.
+

2014;2014:197154.

lishing group.
50.

Schade A, Delyagina E, Scharfenberg D, Skorska

important for cell transfer. This choice needs to make
and that the functionality of the target-tissue remains

Collector
slide

PEUU cardiac
patch immersed
in Matrigel

The proper choice of a suitable matrix is fundamentally
sure that the cells remain at the location of transfer

+

49.

were able to observe an improved heart function (54).

intact. For cell seeding of surfaces in the cardiovascular area for the transfer of endothelial cells, MSC and
Gas pressure
propels subjacent
cells toward
collector slide

B

smooth muscle cells we chose a biodegradable and
clinically established combination of fibrin and thrombin (53).
Another method which is currently explored at the

A, Lux C, David R, Steinhoff G. Innovative Strategy for

RTC is a novel “three-channel airbrush technique”

miRNA in stem cell differentiation

MicroRNA Delivery in Human Mesenchymal Stem Cells

(Vivostat-Co-Delivery-Airbrush-System). This airbrush

It is well known that miRNAs play a major role in stem

via Magnetic Nanoparticles. Int J Mol Sci. 2013 May

system has been chosen to find out whether it is pos-

cell differentiation as post-transcriptional modulators

23;14(6):10710-26.

sible to realize intraoperative heart valve Tissue Engineering by means of a stem cell-plus-fibrin composi-

of gene expression. In our investigations, we were

te. With the airbrush system we sprayed a complex
consisting of human CD133+-stem cells and fibrin on
xenogenic pulmonary valves from pig. In a bioreactor,
the cells were able to survive under physiological pres-

Figure 7:
Processing of tranfected pre-miR via magnetic

Figure 8:

sure-flow-conditions for 96 hours. During this period,

nanoparticle complexes (miR/PEI/MNP). Con-

(A) Schematic of a „cell print technique“ by laser-induced forward

the inner sides of the transplants showed the generati-

focal laser scan microscopic analysis of miRNA

transfer (LIFT). (B) Arrangement of HUVEC cells in accurate chequer-

on of adherent spindle-shaped CD31+- and VEGFR2+-

(miR-335) 72 hours after transfection of human

board pattern (capillary net-similar structure) by means of LIFT for

cells hinting at the differentiation of CD133+-stem cells

mesenchymal stem cells.

blood vessel formation. The gaps have been printed with mesenchy-

in the complex under flow conditions.

.

mal stem cells to keep the vascular integrity of the HUVEC cells.

Comparative investigations with the “LIFT” method

Schade A, Delyagina E, Scharfenberg D, Skorska A, Lux C, David R, Steinhoff G. Innovative

Gaebel R, Ma N, Liu J, Guan J, Koch L, Klopsch C, Gruene M, Toelk

and the “Three-channel-airbrush technique” for cell

Strategy for MicroRNA Delivery in Human Me-

A, Wang W, Mark P, Wang F, Chichkov B, Li W, Steinhoff G.Patterning

seeding of artificial heart valve leaflets with MSC and

senchymal Stem Cells via Magnetic Nanopartic-

human stem cells and endothelial cells with laser printing for cardiac

HUVEC in fibrin reveal differences with respect to their

les. International journal of molecular sciences.

regeneration. Biomaterials. 2011 Dec;32(35):9218-30. Epub 2011

positioning of the cells on the substrate and with res-

2013;14(6):10710-10726.

Sep 10.

pect to their effectivity.
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The laser print technique produced a regular line

construction of natural tissue structures in the cardiac

shaped pattern with higher cell density on the sub-

area. From our point of view, both of the techniques

strate which was however accompanied by a larger
loss of cells. On the other hand, the spray coating was

Hence, EPO is of great interest for the regeneration
Kaminski A, Klopsch C, Mark P, Yerebakan C, Donn-

processes of the heart that we are currently investiga-

which have been tested are suited for cardiac appli-

dorf P, Gaebel R, Eisert F, Hasken S, Kreitz S, Glass

ting. For this reason, EPO application appears to be

cations like for the cell seeding of heart valves. At the

A, Jockenhoevel S, Ma N, Kundt G, Liebold A, Stein-

an important approach for improving the efficacy of

more effective, however, the coating was more erratic,

moment we are working on the technological optimi-

hoff G. Autologous Valve Replacement – CD133+ Stem

regenerative therapies and we will consequently con-

i.e., it did not show any particular pattern.

zation of both techniques. Thus, it is our aim to further

Cell-plus-Fibrin Composite based Sprayed Cell Seeding

tinue corresponding investigations in the future.

51.

test the techniques in animal models and ultimately

for Intra-Operative Heart Valve Tissue Engineering. Tis-

So far, our studies lead to the conclusion that “Tissue

make the best suited technique available for its appli-

sue Eng Part C Methods. 2011 Mar;17(3):299-309.

Engineering” offers possibilities for improving the re-

cation to human beings.

52.

54.

Koch L, Kuhn S, Sorg H, GrueneM, Schlie S, Gaebel

Ugurlucan M, Kundt G, Zingler C, Titze U, Wang W,

G, Polchow B, Reimers R, Stoelting S, Ma N, Vogt P,

Ong LL, Wagner K, Li RK, Ma N, Steinhoff G. Intracar-

Steinhoff G, Chichkov BN. Laser Printing of Skin Cells

diac injection of erythropoietin induces stem cell recruit-

and Human Stem Cells. Tissue Eng Part C Methods.

ment and improves cardiac functions in a rat myocardial infarction model. J Cell Mol Med. 2009 Apr;13(4):664-79.

2010 Oct;16(5):847-54.
53.

Klopsch C, Furlani D, Gäbel R, Li W, Pittermann E,

Gaebel R, Ma N, Liu J, Guan J, Koch L, Klopsch C,

55.

Hirano K, Wagner K, Mark P, Pittermann E, Gäbel R,

Gruene M, Toelk A, Wang W, Mark P, Wang F, Chich-

Furlani D, Li W, Vollmar B, Yamada T, Steinhoff G, Ma

kov B, Li W, Steinhoff G. Patterning human stem cells

N. Erythropoietin attenuates the sequels of ischemic spi-

and endothelial cells with laser printing for cardiac regene-

nal cord injury with enhanced recruitment of CD34(+) cells

ration. Biomaterials. 2011 Dec;32(35):9218-30.

in mice. J Cell Mol Med. 2012 Aug;16(8):1792-802.

Erythropoietin as a regenerative active ingredient

SDF1 and angiogenesis

for the heart

We have developed technological approaches on the

Erythropoietin (EPO) is a glycoprotein with cytoprotec-

basis of gene therapy and matrix molecules for enhan-

tive and regenerative properties. In a rat model, we

cing the migration of stem cells into the myocardium.

have investigated the local effect of a single intramyo-

Non-viral gene therapy approaches proved to be suc-

cardial injection of EPO (3000 U/kg) after myocardial

cessful and revealed an enhanced migration of bone

infarct (MI). After the EPO injection, we were able to

marrow-derived CD117+ cells into the myocardium as

observe a reduction of infarct size, an inhibition of re-

well as an enhanced angiogenesis (56, 57). Similar re-

modeling, a protective effect on cardiomyocytes, and

sults were also achieved with Matrigel-application (58).

an improved heart function.
Based on these studies, we are currently working on
In addition, our study revealed an accelerated intra-

the mechanism-specific application of various regene-

cardiac cell proliferation. Also, we were able to show a

rative active ingredients.

significant upregulation of the stem cell homing factor
(SDF-1) and an improved recruitment of c-KIT+ and
CD34+ stem cells (55).

56.

Wang W, Li W, Ong LL, Lutzow K, Lendlein A, Furlani
D, Gäbel R, Kong D, Wang J, Li RK, Steinhoff G, Ma

In the ischemically damaged myocardium we were

N. Localized and sustained SDF-1 gene release media-

able to observe an intracardial induction of cyclin D1

ted by fibronectin films: A potential method for recruiting

and Cdc2 (Cell-division-cycle-2-Kinase) for which it is

stem cells. Int J Artif Organs. 2009 Mar;32(3):141-9.

“Spending five years of professional work at the RTC laboratories, I

known that they foster the cell cycle (54).

have learned how to fully and freely express my potential as a junior

Both factors play an important role in endothelial pro-

Ma N. Localized SDF-1alpha gene release mediated by
collagen substrate induces CD117+ stem cell homing. J

investigator. As a matter of fact, the RTC offers to motivated young

liferation and in the genesis of mature vessel structures. In a model of spinal cord ischemia, we identified

researchers a lively and creative “Lab of Science” and supports their
projects with impressive and state of the art instruments.”
Dr. rer. nat. Dario Furlani

Carl Zeiss Microscopy GmbH Jena

57.

Wang W, Li W, Ong LL, Furlani D, Kaminski A, Liebold
A, Lützow K, Lendlein A, Wang J, Li RK, Steinhoff G,

a neuroprotective effect with improvement of the neu-

Cell Mol Med. 2010 Jan;14(1-2):392-402.
58.

Ou L, Li W, Zhang Y, Wang W, Liu J, Sorg H, Furlani

rological function and reduction of loss of motoneu-

D, Gäbel R, Mark P, Klopsch C, Wang L, Lützow K,

rons (55). It was further possible to show that these

Lendlein A, Wagner K, Klee D, Liebold A, Li RK, Kong

effects were due to the immigration of CD34 stem

D, Steinhoff G, Ma N. Intracardiac injection of matrigel

cells and the enhanced expression of „brain-derived

induces stem cell recruitment and improves cardiac func-

neurotrophic factor“ and vascular endothelial growth

tions in a rat myocardial infarction model. J Cell Mol Med.

factor.

2011 Jun;15(6):1310-8.
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AT2-receptor stimulation

suspect that an effective AT2-R-progenitor cell-medi-

The cardiac stem cell-mediated therapy has a large

ated cardiac repair is based on molecular/cellular me-

potential for the treatment of cardiac diseases. At the

chanisms which have so far not been identified. These

RTC we work on the identification of ways to improve

bone marrow-derived AT2-R-progenitor cells should

the therapeutic efficacy of intramyocardially applied

be seen as a so far uncharacterized sub-population

bone marrow-derived stem cells for the myocardial re-

and are currently being intensively studied in our la-

generation. In this frame, we have also been working

boratories.
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on Angiotensin II (59-61).
59.

Xu Y, Hu X, Wang L, Jiang Z, Liu X, Yu H, Zhang Z,

Angiotensin II, the main effector of the renin-angioten-

Chen H, Chen H, Steinhoff G, Li J, Wang J. Transplan-

sin-system, hampers the cardiac regeneration pro-

tation of preconditioned bone marrow mononuclear cells

cess by means of its receptor molecules ATR1 and

by AT2R stimulation improves infarcted heart function via

ATR2. In previous studies, we were able to demons-

enhanced cardiac mobilization of implanted cells. Int J

trate a post-infarct expression of the AT2-receptor in

Cardiol. 2013 Oct 9;168(4):4551-4.

cardiac c-kit -progenitor cells. This insight gave us the
+

60.

Curato C, Slavic S, Dong J, Skorska A, Altarche-Xifró

possibility to improve the cardiac regeneration pro-

W, Miteva K, Kaschina E, Thiel A, Imboden H, Wang

cess by means of AT2-receptor modulation. In addi-

J, Steckelings U, Steinhoff G, Unger T, Li J. Identifi-

tion, we have recently succeeded to demonstrate an

cation of noncytotoxic and IL-10-producing CD8+AT2R+

improved therapeutic efficacy of bone marrow-derived

T cell population in response to ischemic heart injury. J

progenitor cells after pre-conditioning with AT2-recep-

Immunol. 2010 Nov 15;185(10):6286-93.

tor stimulation in a rodent model.

61.

Ludwig M, Skorska A, Tölk A, Hopp HH, Patejdl R, Li
J, Steinhoff G, Noack T. Characterization of Ion Currents

Based on these initial successes, we now intend to

of Murine CD117pos Stem Cells in vitro and their modu-

develop translationaly and clinically relevant approa-

lation under AT2 R Stimulation. Acta Physiol (Oxf). 2013

ches for AT2-R-mediated cardiac regeneration. We

Jul;208(3):274-87.

„The motivation, initiative, organization, intellectual and skills abili-

Figure 9:
Analysis of endothelial
properties of CD117+
stem cells with and without

AT2R

stimulati-

on. After five days, cell
cultures show specific
expression signals of endothelial markers.
Ludwig M, Skorska A,
Tölk A, Hopp HH, Patejdl R, Li J, Steinhoff
G, Noack T. Characterization of Ion Currents of
Murine CD117pos Stem
Cells in vitro and their
modulation under AT2R
stimulation.

ty of the RTC in Rostock, has been fully granted by the worldwide
Scientific Community with results published in the most authoritative Journals. It is my impression that this RTC represents a unique
facility in which the future of stem cell application in heart surgery
will generate worldwide protocols to be used in Clinical practice.”
Prof. Giuseppe Faggian, MD

Department of Cardiac Surgery,

University of Verona Medical School
Verona, Italy

40

4. Facts and figures

adjusted and optimized in order to position the RTC

reimbursed. Finally, the translation team is in charge

as a reference center. Along this way, networking

of PR activities and supports the promotion of the

with other centers, cooperation with industry and

new therapies.
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other groups, as well as the acquisition of necessary third party funds are high priorities. In additi-

The Executive Committee of the RTC consists of the

on, a decisive prerequisite for the success of the

initiator of the RTC, Prof. Gustav Steinhoff, and the

RTC is the knowledge and experience in the area

heads of the three structural units of the RTC as shown

of legal and regulatory requirements. In particular,

in the organization chart below. This ensures the close

it is the responsibility of the translation team and its

communication between all structural units and hence

corresponding leading experts to take appropriate

makes sure that the overall RTC functions as efficient-

steps of quality assurance in close contact with the

ly as possible. The Executive Committee is currently

responsible authorities. This includes the need to

further strengthened by a guest professor who teaches

make all staff members familiar with and adhere to

cardiology at the RTC and is bringing in experience

the regulations of „Good Work Practices (GxP)“. In

from both clinic and science. Administrative matters

particular, it is the translation team‘s task to take

of the RTC are handled by a project assistant. Also,

all necessary administrative steps for the prepara-

from early on, the RTC called in an advisory board with

tion of clinical trials, including the request for legal

whom the RTC strategy is discussed and defined.

permission from the authorities as well as the stu-

Strategy and Structure

•

of the new regenerative products in human beings.

Stem Cell Therapy (RTC) at Rostock University com-

These studies are conducted in compliance with le-

bines the research-intensive parts of the Clinic for

gal schemes (Phase I – III) and in accordance with

Cardiac Surgery and the Research Laboratories of

the regulations of „Good Clinical Practise (GCP) “.

Cardiac Tissue and Organ Regeneration at Rostock

Following approval by the legal authorities the au-

University and coordinates their collaboration. The

thorized stem cell products are used for patient

RTC is headed by Prof. Gustav Steinhoff and also

treatment. The health condition of all these patients

comprises a dedicated translation management. It is

is subsequently monitored for the rest of their life-

located at the Biomedical Research Center (BMFZ)

time via the RTC-register in order to evaluate the

at Rostock University. The RTC is organized to effici-

longterm-safety and efficacy of the therapy as requi-

ently handle the entire complex process of medicinal

red by the regulations of „Good Vigilance Practice

product development, its application in human beings

(GVP)“. Furthermore, the RTC itself manufactures

and its tracking:

those stem cell products for which it has received
official authorization for in-house production (as

The R&D-center focuses on the generation of new

„Point of Care“-manufacturing) according to „Good

findings by means of basic research. These new

Manufacturing Practice (GMP)“. This work is carried

insights are then applied in the frame of the pre-/

out in the surgery department of the Clinical Center

non-clinical development in order to develop new

by specially trained personnel which is being recrui-

quality-assured products by means of standardized

ted from staff of the clinic and the laboratory

technologies and by animal model studies which
are conducted following „Good Laboratory Practice

•

The organizational chart below illustrates the structure

Initiated Trials (IITs)“. Also the team communicates

of the RTC and also lists the number of staff members

with the corresponding health insurances and ma-

in each unit. More details on each unit can be found

kes sure that the expenses for the treatments are

below.

Executive committee

In our Clinical Center, we test the safety and efficacy

The Reference- and Translation Center for Cardiac

•

dy management during the course of „Investigator

It is the task of the translation management of the

(GLP)“. In addition, the R&D-center reviews, valida-

RTC to act as a link between the R&D- and the Cli-

tes and develops new manufacturing procedures

nical Center in order to make sure that the strategic

and it also conducts certain service tasks such as

goal of all staff members remains the therapeutic

the release of products according to „Good Manu-

goal of the „Regrowing Heart“. Accordingly, the

facturing Practice (GMP)“.

procedures for translation need to be permanently

Advisory Board

Project assistance

R&D Center
23 staff members

Translation Management
5 staff members

Clinical Study Center
13 staff members

Basic research:
Mode of action,
Cell programming /

Strategy, Organisation,
Management, Networking,
Business Development

Patient care

cell differentiation

Mechanistic research approaches:
Cell optimization
(Conditioning/Modification),
Genetic engineering

Pre-/non-clinical development,
In vitro technologies, In vivo
models, Process development,
Quality assurance, Standardization,
GLP-tests, Product release
according to GMP

Tissue Engineering

Regulatory Affairs,
Contact to Authority,
Quality assurance,
Quality management/Training GxP

Study preparation/- management,
Market Authorization,
Reimbursement

Public relation/
Therapy promotion,
Training

Clinical studies according to GCP

Register for long term follow-up
according to GVP

Manufacturing of non-industrial
stem cell preparations
according to GMP
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Seven years of successful work

received the award for „Collaborative Research“ of

Thanks to the profound knowledge and industrial expe-

The successful work of the RTC is based on a highly

the Rostock University.

rience of Dr. rer. nat. Gudrun Tiedemann as well as her

conducted with small animal models (mice, rats).

familiarity with statutory and regulatory requirements,

Experiments with larger animals are conducted at

motivated team consisting of scientists, medical doc-

•

At the RTC, cardiovascular in vivo experiments are

tors, technicians and additional experts. Being part of

Under the overall direction of Prof. Dr. med. Gustav

the RTC has been able to establish a translation ma-

partner laboratories. Our high quality cardiac func-

a University, it is as expected that many young stu-

Steinhoff, the R&D-activities were headed by Prof. Dr.

nagement of high professionalism. Under her leader-

tional diagnostics comprises animal-telemetric in-

dents of Biology and Medical Biotechnology made

rer. nat. Nan Ma who was in charge of that already be-

ship, several teams of young scientists contributed to

vestigations by means of long term ECG and elec-

significant contributions in the frame of the Bachelor‘s

fore the RTC was founded. In 2013 she was appointed

the joint effort of establishing procedures of quality as-

trophysiology, heart catheter functional diagnostics

and Master‘s theses: in all, seven Bachelor‘s and six

as professor at the Free University of Berlin in recogniti-

surance and standardization for the development, pro-

with pressure-volume-loop, exercise tests, as well

Master‘s theses have been completed at the RTC

on of her excellent work on migration and differentiation

duction, and application of novel therapies to ensure

as imaging methods for cardiac functional measu-

since its foundation. Also, work at the RTC contribut-

potential, angiogenetic effects and interaction of stem

safety of and benefit for our patients of the RTC.

rements (small animal PET-CT).

ed to a total of 16 doctoral theses (12 in medicine and

cells with host tissues. As her successor at the RTC,

four in natural science), and more are currently under

Prof. Dr. rer. nat. Robert David was appointed as head

The work of the RTC has been closely followed by its

preparation. More to that, a total of four habilitation

of the R&D-unit in 2013. His research area is the cha-

scientific advisory board in which experts from various

tance of 100 m on the other side of the street from

theses (Habilitation= Qualification for German Profes-

racterization of key factors in stem cells as well as the

fields have been gathered. More than once, the ad-

the RTC labs – hosts the RTC study center for the

visory board provided invaluable advice to the execu-

conduct of GCP-compliant trials. By intention, these

tive committee in cases of problems with translational

offices are located close to the clinic in order to al-

procedures.

low for a close and optimal interaction between the

•

The Clinic for Cardiac Surgery – which is at a dis-

clinical trial investigators and study assistance involved in clinical studies with the nursing staff being in

Infrastructure
•

The total laboratory space available to the BMFZ

charge of the patients.

amounts to 256 square meters plus additional office
space of 44 square meters.

•

Within the operating room area of the Clinic for
Cardiac Surgery, we established a prototype manu-

•

For in vitro experiments, the RTC has access to la-

facturing site for our own point of care- manufac-

boratories with safety levels S1 and S2. In addition,

turing of stem cell products. Different cell isolation

already existing laboratories were qualified to com-

and purification methods have been validated and

ply with GLP-requirements.

standardized according to GMP by the RTC and its
industry partners in preparation for manufacturing

•

Maintenance animals and experimental investiga-

authorization. The quality assurance of the in-house

tions including animals are conducted in the rooms

manufactured products is taken care of by the RTC-

of the neighbor Institute for Experimental Surgery of

laboratories as well as under contract by certified

the University Medicine of Rostock. There, we also

laboratories of the University Medicine.

have access to rooms which have been qualified
according to GLP-regulations.

•

For a quality assured and standardized application
of stem cell products, new procedures are perma-

•

The laboratories are well equipped for molecular-

nently developed and evaluated; also existing pro-

biological (programming/differentiation) and cell-

cedures are permanently optimized.

sorship) were completed in the years 2010 – 2012,

programming of cells as specific cells, such as pace-

biological studies (cell culture, cell staining, cell iso-

comprising two such theses in medicine and two in

maker cells of the heart. From 2009 until 2014, Prof. Dr.

lation/sorting, stem cell characterization, functional

natural science. Remarkably, a total of 101 peer revie-

B. E. Strauer stayed at the RTC as a guest professor.

analysis) as well as for Tissue Engineering. Also,

„Bench to Bedside“ (and back) and makes sure that

wed papers have been published in the period from

Being a very experienced cardiologist and scientist, his

specific areas are reserved for gene-technological

all work is conducted in accordance with legal and

2008 to the middle of 2014 with an impact factor of

advice during the installation of the RTC and its aca-

work (e.g., (non-) viral transfection)..

regulatory requirements (GxP).

317 on total.

demic positioning phase has been highly appreciated.
•

Concerning large equipment for analyses, we have

•

•

The translation management paves the way for

Much effort has also been spent on intensive PR

In 2012, three RTC scientists were appointed as pro-

Since 2008, the Clinical Center at the RTC has been

access to a FACS LSR 2 from Becton-Dickinson

fessors at other Universities, namely at Berlin, Ulm and

led by Priv. Doz. Dr. med. Alexander Kaminski, who

(high-end version with four lasers) for stem cell dia-

Shanghai. In the same year, the RTC was able to fill a

completed his habilitation at the RTC in 2011. Alrea-

gnostics; also there are a FACS-sorter (BD) and va-

newly formed professorship for “Regenerative Medi-

dy from the beginning he received invaluable support

rious MACS-sorters (Miltenyi Biotec) for cell sorting.

of the University Rostock Medical Center by means

cine in Cardiac Surgery” at the Rostock University. In

from Sandra Bubritzki, who significantly contributed to

For microscopic studies, we use various different

of lectures, seminars and practical courses.

addition, five young RTC scientists received awards for

the fact that the RTC after the successfully completed

systems including a super-resolution confocal La-

their work at the RTC. In 2011, the RTC was named a

inspection by the Competent Authorities can benefit

serscan Microscope-System „Elyra PS1“ for live cell

„Landmark in a Land of Ideas“, and in 2013 the RTC

from the “GCP-Quality Seal”.

imaging as a high end device.

activities.
•

Finally, the RTC is fully integrated into the curriculum
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tal of nine clinical trial investigators work at the Clinic
for Cardiac Surgery who have acquired a certification
according to GCP-regulations. Among these, Dr. Peter
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Donndorf, Dr. Christian Klopsch and Dr. Catharina Neßelmann are currently particularly active in the clinical
trial of stem cell therapy and are in the process of distinguishing themselves scientifically in the area of stem cell
therapy. This team of clinical trial investigators is being
supported by four cardio-technicians and a nursing
staff comprising 20 persons. The study office has been

Doctoral theses
Year

Dr. med.

2008

Jan-Arne Lauffs, Cornelius Kasch, Peter Donndorf,
Catharina Neßelmann

2009

Christian Klopsch

2010

Jana Oldigs, Susann Freier, Christine Teichert
Stephanie Nemati

Dario Furlani

2011

Gregor Feldmeier

Wei Wei Wang

2012

Ingeborg Westien

Ralf Gäbel

Useini Dritan

Our team

headed by the study assistant Sandra Bubritzki since

2013

Under the overall direction of Prof. Gustav Steinhoff,

the foundation of the RTC. Additional staff members

Dr. Gudrun Tiedemann heads the translation manage-

are currently Dr. Annett Klinder and Petra Paschen.

2014

ment and has the position of an acting manager, PD.
Dr. Alexander Kaminski heads the Clinical Center (all

The RTC is closely collaborating with the Institute for

since the foundation of the RTC), and Prof. Robert Da-

Biostatistics and Informatics in Medicine at the Rostock

vid is in charge of the R&D-Center (starting in 2013).

University in the frame of clinical studies as well in the

This executive committee is being supported by the

frame of the accompanying research. In particular, we

assistants Jana Gabriel and Katrin Höfer.

are happy to count Prof. Dr. Ing. Günther Kundt, Änne

Dr. rer. nat.

Yue Zhang

Master’s and Diploma theses

Publications

From 2009 to 2014 a total of eight Bacherlor’s and

During the past seven years, a total of 101 peer-reviewed

six Master’s theses in the subjects Biology and Me-

papers with an average impact factor of 3.17 have

dical Biotechnology were successfully completed at

been published by staff members of the RTC.www.

the RTC.

cardiac-stemcell-therapy.com/publikationen.php

Glass and Frank Thiessen as members of our team.
At this moment, the following natural scientists are

Awards and Honors

employed at the RTC as research associates: Dr. Ralf

Already since 2008, we have been collaborating with

Gäbel, Dr. Jana Große, Dr. Sandra Kurzawski, Dr. Cor-

the company Miltenyi Biotec (Sponsor) as well as five

nelia Lux, Dr. Christian Rimmbach, Dr. Ulrike Ruch, Dr.

additional German Heart Centers (Sites) in the frame of

2009

Young Investigator Award of the EACTS

Can Yerebakan

Frauke Stähler and Dr. Hoang Tu-Rapp. In addition,

the study PERFECT which is scientifically being led by

a total of 14 additional young scientists are current-

Prof. Gustav Steinhoff (LKP). We surely consider the cli-

2010

Young Investigator Award of the DGTHG

Peter Donndorf

ly working at the RTC who are heading for the com-

nical trial investigators and study nurses from these cen-

2010

Science award of the Ulrich-Karsten-Foundation

Christian Klopsch

pletion of their doctoral theses. Additional laboratory

ters as well as the staff members from the sponsoring

2011

Ernst-Derra-Award

Can Yerebakan

support is currently provided by Madeleine Bartsch,

company who are involved in this study as members of

2011

Landmark in the „Land of Ideas“

RTC

Margit Fritsche, Marten Möller and Anita Tölk.

our team. The same is true for the staff members of the

2013

Poster award ESAO

Marion Ludwig

centers Berlin and Hannover who are involved in the

2013

Hans-Jürgen-Brettschneider-Award of the DGK

Julia Jung

PERFECT accompanying research program.

2013

Award for collaborative research of Rostock University

RTC

2013

Poster award DGK-conference, Venice, Italy

Julia Jung

2014

Poster award DGK-conference, Venice, Italy

Frauke Hausburg

Besides the members of the executive committee a toScientific Advisory Board
Name

Institute

Prof. Dr. med. Dr. iur.
Christian Dierks

Charité Center for Health and Human Sciences Berlin, Advocate (Dierks+Bohle, Berlin)

Prof. Dr. med.
Frank Emmrich

Fraunhofer Institute for Cell Therapy and Immunology (IZI) Leipzig, Translational Center for Regenerative Medicine Leipzig (TRM)

Dr. med.
Wolfgang Ingenhag

Institute of General Medicine, University of Duisburg-Essen

Prof. Dr.
Christa Schröder

Albstadt-Sigmaringen Applied Science University

Prof. Dr. med.
Hans-Dieter Volk

Institute for Medical Immunology (IMI), Charité Berlin, Berlin-Brandenburg Center for
Regenerative Therapies (BCRT)

Habilitations
Year

Name

2010

Nan Ma

2011

Alexander Kaminski, Can Yerebakan

2012

Wenzhong Li

Year

Dr. rer. nat.
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generative Medicine in Cardiac Surgery was mainly

tion. These activities are rounded up by oral presenta-

attended by young physicians and researchers from

tions for the public in which our research is presented

the area of cardiac surgery in order to learn more

on a popular science level.

about recent results of stem cell research, (re-) programming of stem cells and Tissue Engineering,

Heart and Patient´s days

methods for visualization, as well as improved novel

November is the month of the year which has traditi-

strategies for cardiac surgery.

onally been declared as „Month of the Heart“ by the
German Heart Foundation. Hence, the RTC is offering

•

Jointly with the Clinic for Cardiac Surgery at the Lud-

dedicated events for heart patients during this month.

wig-Maximilians University Munich (LMU) the RTC
initiated a series of “Island Workshops” on the sub-

The RTC organized the „Heart Days 2013“. This event

ject “Cardiac stem cell therapy and Tissue Enginee-

was initiated by Prof. Gustav Steinhoff together with

ring” which particularly addresses young scientists.

colleagues from the University Heart Center in colla-

In 2010 the first workshop was organized by LMU

boration with the German Heart Foundation and the

and took place at the Chiemsee. In 2011 the se-

OSTSEE-Zeitung (i.e., the leading local newspaper).

cond workshop was organized by the RTC and took

This year, the „Heart Days“ took place in the lecture

place on the island Vilm in close vicinity to the island

halls of the University Rostock Medical Center over a

Rügen. This series has been continued ever since.

total of two days. More than 450 patients and other
interested people took the chance to obtain first-hand

RTC seminar series

information in the frame of various short presentations

From the very beginning, the RTC has been organi-

and Q&A-sessions on the subject “The weak Heart”.

Appointments

national Congress of the European Society of Artifi-

In the year 2012, two scientists and one physician

cial Organs (ESAO) was held in Rostock in autumn

zing several seminars and events per year addressing

were appointed as professors at external Universities:

2012. The congress was chaired by Prof. Gustav

various areas of interest and various target groups.

Also the “Patient´s Days” organized by the RTC at the

Prof. Dr. Dr. Nan Ma was appointed as S-W2 Pro-

Steinhoff who – together with the liver specialists

For these events, scientists and clinical physicians

BMFZ since 2008 were very well received. The possi-

fessor at the Free University of Berlin,

Prof. Dr. Steffen Mitzner and Dr. Wolfgang Ramelow

are invited to report and discuss new technologies,

bility to directly talk to physicians and RTC-staff mem-

Dr. med. Jun Li was appointed as professor at the

– had invited the community under the motto “From

research results, and clinical applications in the area

bers surely contributes to our effort to establish close

University of Shanghai and

substitution to regeneration, from research to cli-

of Regenerative Medicine. Frequently, The RTC was

ties to our patients and thereby supports our efforts

Prof. Dr. med. Andreas Liebold was appointed as

nic”. The subject “regeneration as a bridge from

able to utilize such events for the initiation of new col-

with respect to the issues of health care research and

the medical director of the Clinic for Cardiac Surgery

organ substitution to regrowing organs” was very

laborations. In addition, the RTC invites experts who

vigilance. During the “Patient´s Day 2011”, there was

at Ulm University

well received such that more than 600 national and

talk about issues such as ethics, data protection, le-

one particularly noteworthy specialty that the RTC was

international experts participated in the event.

gal aspects and regulations related to our own work.

able to offer: during that event, more than 400 interes-

Subsequent new insights and/or contacts are then

ted visitors took the chance to have a look at a walk-in

utilized for our further development.

model of the heart. At the model, the visitors had the

•
•
•

Teaching
Staff members of the RTC contribute significantly to

•

In the course of the 3rd EACTS Meeting on Cardiac

the medical curriculum at Rostock University Medical

and Pulmonary Regeneration, which was initiated

Center. They offer lectures, seminars and practical

by Prof. Gustav Steinhoff and subsequently held in

Some examples are:

exercises in the frame of

Berlin in December 2012, about 90 scientists and

•

•

University courses in human medicine

clinical physicians discussed new possibilities for

•

the Biomedical Technology Master program

the treatment of heart and lung diseases with tissue

•

the Medical Biotechnology Master program

loss and severe organ damage. During the meeting,
special attention was paid to the application of new

For interested parties from outside the University the

technologies like nano-technology, stem cell thera-

RTC has installed a

py, and gene therapy.

•

stem cell laboratory for highschool students

•

an exhibition focusing on stem cell regeneration for
the general public.

possibility to directly talk to physicians and other RTC

•

addition, several popular scientific presentations on

Stem Cells”,

stem cell therapies of the heart were offered.

Prof. Dr. K. Schenke-Layland, Stuttgart: “Impact of
extracellular matrix on cardiovascular cell fate”

•

Dr. Izsvak, Berlin “The Sleeping Beauty-based nonviral, integrating vector system for therapy”

•

Dr. S. Danner und Dr. M. Brandenburger, Lübeck:
„Zelltechnologie für Klinik und Forschung – Anwen-

•

In addition, two congresses should be mentioned
here which were both initiated by the RTC and both

dungsbeispiel: Organ-typische Herztestsysteme“ .
•

Prof. Dr. A. Büttner, Rostock: „Die Ethikkommision

took place in Rostock in September 2013: The 8th

an der Universitätsmedizin Rostock: Aufgaben, Zu-

Events

Annual Meeting of the German Society for Stem Cell

ständigkeit und Antragstellung“

Scientific Events/Congresses

Research which was attended by about 120 scien-

Besides a large number of selected oral presentations

tists, students, physicians and representatives of

at international conferences, the RTC has been orga-

companies and authorities who discussed scientific

nizing high ranking events on the subject, regenerati-

as well as regulatory matters of stem cell research

Night of Science“ in Rostock. During these events we

on. The most important of these events are as follows:

and stem cell therapy development. The second

open our laboratories for those parts of the public who

Following an initiative of the RTC the XXXIX Inter-

meeting, the 11th Baltic Summeracademy on Re-

wish to learn more about stem cells and their applica-

•

staff members and ask their individual questions. In

Dr. A. Stolzing, Leipzig: “Aging of Mesenchymal

Information events
The RTC has regularly participated in the annual „Long
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Conventer Talks – A series of events on the topics

Funding

medicine, ethics and commerce

During its build-up phase (2008 - 2011), the RTC was

Four times a year, Prof Steinhoff extends the invitati-

jointly funded by the Federal and Local Government

on to the so-called „Conventer Talks“. During these

(BMBF, Federal Ministry of Education and Research

events, guests with very different backgrounds and

and Ministry of Economic, MV) and partners from

professional expertise have the chance to discuss

industry. During this period, the RTC worked on the

with invited experts. On the program, there are topics

“Pilot project for the reduction of translation hurdles

like medicine, ethics, and commerce. For example,

in Regenerative Medicine”. This project covered both

ethical problems of medicine have been discussed

the built-up of the RTC, the planning, preparation, and

and thoughts on issues like palliative medicine, eutha-

execution of the clinical study PERFECT (Phase III),

nasia, and death have been exchanged from different

and focused R&D-projects (basic research and pre-

points of view.

clinical development of stem cell therapies). The end

49

„When talking about the potential of cardiac stem
cell therapy for the therapy development in Ger-

of this built-up phase was also connected to the loss
Ethics Commission for the stem cell law

of some staff members for which then new staff had to

From 2006 until 2014, Prof. Steinhoff has been a

be employed during the forthcoming extension phase.

many, the RTC in Rostock never remains unmen-

Government for preparing the stem cell law at the

Right now, the RTC faces the end of the extension

Robert-Koch institute.

phase (2012 – 2015) in which a major focus has been

tioned. By means of the widely noticed Phase III

member of the Ethics Commission of the Federal

trial under the lead of Professor Steinhoff, the RTC

the topic “Intensification of translational processes”
Parliamentary Evenings

and which has been funded by the Federal Govern-

In January 2014, the RTC organized a parliamenta-

ment (BMBF). In parallel, the State MV has been sup-

ry evening on the topic “The Regrowing Heart” in the

porting selected R&D-projects with industry partners

permanent representation of the State Mecklenburg-

with about the same level of funding. During the entire

West Pommerania (MV) in Berlin. The event was

existence of the RTC, research funding from the Uni-

well attended by members of the parliament as well

versity has been spent as well as public funding from

as staff members of ministries such that an intense

the German Science Foundation (DFG) and other ins-

discussion on the future of Regenerative Medicine in

titutions. In addition, the RTC participated in collabo-

Germany from a scientific and political point of view

rative projects which were partly funded by industrial

evolved. Besides these discussions, the event led to

partners.

has managed to attract national and international
attention to a very promising novel therapy.“
Prof. Dr. Frank Emmrich

Direktor Translation Center for Regenerative Medicine (TRM) at Leipzig University

several important contacts and follow-up discussions.
Competition on ideas for the health economy
In 2010, the RTC-project “MV is good for your heart”
was able to win the “Competition on ideas for health
economy” of the Ministry for Economy of the State of
MV. It was the aim of this project to position both the
RTC and the State of MV as centers and location for
health of the heart, respectively. In the course of the
project, a network of partners from MV was formed
which may contribute in one or the other way to the
health and healing of the heart. Together, these part-

Funding (in Mio. €)
4,0
3,5

ners edited a brochure entitled “What is moving the

3,0

heart…offers for physical exercises for heart patients

2,5

in MV 2013”. This brochure nicely and comprehensibly visualizes information on health of the heart in MV
and also lists suitable points of contact. With a total
of 7000 distributed booklets, the brochure was very

2,0
1,5
1,0

well received by heart patients at the University Ros-

0,5

tock Medical Center, in rehabilitation clinics, as well as

0

in the medical practices of cardiologists in MV. In the
frame of the project, the RTC also adapted the already

2008

2009

2010

2011

2012

existing stem cell register to a web-based version, in

Research & Teaching KHC

DFG

Industry

order to offer other stem cell centers to connect to it.

Federal Government (BMBF)

State Government (M-V)

2013

2014

Networking
50

Our research partners
Toronto, New York, Stanford, Houston, Tianjin, Beijing,
Shanghai, Kobe, Curitiba, Milan, Verona, Lucerne, Vienna, Helsinki, Stockholm, St. Petersburg, Bucharest,
Munich, Hanover, Berlin, Leipzig, Bad Oeynhausen,
Hamburg, Bergisch Gladbach

Investors

Project management organisations

