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Fit for
recovery

Good news! The German Bundesbank revised its growth
forecast significantly upwards. It seems the German economy
has recovered remarkably swiftly from the biggest crisis of
the post-war era. There are two main reasons for this: Firstly,
the federal government’s stimulus programs have proved
effective. And secondly, the German economy reacted to the
financial crisis in a restrained and considered manner. Com-
panies did not lay off swathes of employees as in previous
recessions, but instead used the time to implement rational-
ization programs and continuing professional development.
And now, in these times of economic recovery, they are reap-
ing the benefit of experienced and highly-skilled workers. The
added investment firms put into their employees during the
crisis is now paying off in the form of added value.

Efficient and productive employees are without doubt the
most important asset of any enterprise. Their knowledge and
skills are the keys to success in global innovation competi-
tion. So how can businesses do more to help their employees
become more efficient and productive? Performance is de-
pendent on motivation, skills and fitness — both mental and
physical. Currently, in all three of these areas, we are in the
midst of a paradigm shift. We promote motivation within an
enterprise when we establish a culture of trust, rather than
mistrust. Motivated workers need more than just ideal work-
ing conditions. They also require development opportunities.
And a management style that not only promotes autonomy
and assumption of personal responsibility, thus giving them
the freedom and encouragement to run with new ideas, but
is capable, above all, of dealing with risks and mistakes.

Times have changed when it comes to skills, too. A good
education is no longer enough to last a lifetime. On the con-
trary, continuing professional development is now de rigueur,
and retraining has become the norm. Many companies are
reacting to this sea change in the working world by laying on
intensive training and development programs.

Finally, let us consider the last essential component of mo-
tivation: health. In the past, a great deal has been achieved
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through programs to humanize the world of work. But here,
too, we are facing a radical transition to a holistic approach
that encompasses both physical and mental well-being. Just
as in sport, fitness is also a prerequisite for excellent perfor-
mance in the workplace. We must ensure that employees re-
main healthy — particularly if they are to continue working for
longer in future. Many companies have already recognized
this and are seeking to establish work practices that promote
health, targeting their efforts not least at older workers, who
suddenly find themselves back in high demand. Today, almost
all branches of industry are desperately seeking new blood to
help them take full advantage of the economic upturn.

The German Federal Ministry of Education and Research has
also put the spotlight on health by proclaiming the Year of
Science 2011 “Research for Our Health”. Accordingly, in this
issue, we have elected to focus our attention on the concept
of regenerative medicine. In our lead article, you can read
how it is possible to grow skin in a “factory”, and how stem
cells will help to cure serious diseases in the future.

After the difficult and turbulent times experienced by so
many businesses and employees, it is now more important
than ever that we remain fit and healthy. For only if we are
in peak condition will we be able to meet the challenges of
tomorrow.

Yan/s
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Wireless endoscope

In order to minimize the impact of surgery on patients, wounds should be kept as
small as possible. Doctors use endoscopes to see inside the body. For these, only a tiny
incision is needed. But then, during the operation, both the surgeon’s field of view and
freedom of movement are seriously restricted, because the endoscope is connected to
the endoscopy tower via a relatively heavy light conductor and a camera cable.

A wireless endoscope should help solve this conundrum, and scientists from the
Fraunhofer Institute for Manufacturing Engineering and Automation IPA in Stuttgart are
currently working on just such a system. It is fairly small, extremly light, and is therefore
easy to guide. It can wirelessly transmit smooth, high-resolution images to a conven-
tional computer over a period of one to two hours. The endoscope has an LED light
that uses very little power and produces very little heat.

Tiny channels

Biochips with microchannels measuring 100 micrometers in diameter,
the same thickness as a strand of human hair, are used in rapid medi-

cal test kits. The channels in these small, thin plates hold a tiny drop of
fluid — blood in most cases — which is analyzed with the aid of specialized
medical equipment. At present, biochips made out of plastic are used for
this kind of application. However, substances from the plastic can diffuse
into the test fluid and distort test results.

By contrast, biochips made out of glass are chemically neutral. Until now,
however, there has been no process for manufacturing microchannels in
glass components. The In-volume Selective Laser Etching (ISLE) process
developed by the Fraunhofer Institute for Laser Technology ILT enables
micrometer-fine structures to be created in transparent materials such as
silica glass, borosilicate glass, sapphire and ruby. The greatest challenge is
to avoid damaging the glass, because the process produces stresses that
can cause the material to crack and make the component unusable.

Glass components microstructured using the ISLE process © Fraunhofer ILT

The chip’s
fingerprint

These days, counterfeiters are increasingly using their skills

to reproduce chips and electronic components. Quite apart
from the resultant sales losses, low-quality imitation products
can also damage a company’s brand image. At the Fraun-
hofer Institute for Secure Information Technology SIT,

a new security technology, which utilizes a component'’s indi-
vidual material properties to generate a digital key, is beeing
investigated and further developed.

Every component has a kind of individual fingerprint, since
small differences inevitably arise between them all during
production. Integrated circuits, for instance, end up with
minimal variations in thickness or length during the manu-
facturing process. And while these variations do not affect
functionality, they can be used to generate a unique code.

Digital fingerprint prevents counterfeiting of
microchips. © Fraunhofer SIT
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Smile, please!

If dental prostheses are to blend in with the rest of a patient’s teeth, dentists and
dental technicians need to get the color exactly right. Researchers at the Fraunhofer
Institute for Optronics, System Technologies and Image Exploitation 0SB in Karlsruhe
have now developed a color measurement system that detects even minimal color
differences in materials, obviating the need for time-consuming test samples.

Bioplastics for

Key to the ColorControl system is an imaging spectrograph that does not simply pro-

en gl neerin g duce a tricolor digital red-green-blue image, but captures an entire 60-color spectrum

in the visible wavelengths from 400 to 700 nm. When the generated image is subse-
The automobile industry wants to become quently evaluated, those ranges that contain reliable color information are automat-
greener, and there’s more to it than reducing ically selected for analysis, while hidden or superimposed sections that would distort
fuel consumption or developing alternative the measurement findings are automatically excluded.

power units — the materials the industry uses

can also contribute to a better carbon balance.

The Fraunhofer Institute for Environmental,

Safety and Energy Technology UMSICHT is one

of a total of 13 partners from five European

countries taking part in the four-year EU project . . .

ECOplast. The consortium is developing biocom- In t erac tl ve Wwin dO W S h Oppl n g

posite materials based on renewable resources

for applications in automotive engineering. This  Too late for that spending spree! The shops are converts them into input commands, enabling

involves modifying and reinforcing bioplastics now closed, and the only remaining option is passers-by to point to a product, see it displayed
that are readily available on the market with to do a little window shopping. New technol- on a monitor, and zoom in on or rotate it as
natural fibers, mineral fillers and additives. These  ogy developed by the Fraunhofer Institute for desired. But not only that: They can also request
new materials should be processable on existing ~ Telecommunications, Heinrich-Hertz-Institut, additional information on the product — and
production lines, but the consortium still intends  HHI in Berlin will soon make that a much more even buy it. The ‘Interactive Shop Window' is
to look into new processing technologies at the  exciting prospect. compatible with all displays and can be com-
same time. bined with existing software. The 3-D record-
The HHI researchers have devised a system ing system allows shop owners to display their
comprised of two cameras. It records the 3-D complete range of stock, and is already available

positions of hands through a shop window and  as a prototype.

Using the window display system, women passing by the
Microscopic images of hemp fibers used to reinforce shop can get the facts they want on the scarf they like,
biopolymers. © Fraunhofer UMSICHT and even buy it then and there. © Fraunhofer HHI

|
g
N
|
_1
1]




08 - LEAD ARTICLE Fraunhofer magazine 2.11

Jrgans
on demand

In future, stem cells will help to cure disease.
© Science Photo Library/Agentur Focus
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In futuce, it is predicted that cegenecative medicine will help patients

with a wide range of diseases - whether slow-healing wounds, defective

cartilage, strokes, or Parkinson’s. Medical practitioners hope that tis-

sue engineering and stem cell therapy will allow them to cepair damaged

cells, tissues and organs, and develop treatments for diseases that ace

cuccently incurable. But before the new methods can make the transition

from laboratory to everyday clinical practice, a great deal of reseacch

and development wock cemains to be done.

Text: Bircgit Niesing

Do you suffer from slow-healing wounds, defective cartilage,
a stroke, or Parkinson’s disease? Then fetch some skin from
the factory! The very idea may sound like science fiction, but
it's not. Artificially produced skin is no flight of fancy by an
inventive novelist; it has actually been developed by biologists
and engineers of the Fraunhofer-Gesellschaft. Their ambitious
goal is to manufacture skin models of the highest quality, and
to do this, they have developed and set up a “tissue factory”,
which will begin operation in 2011.

The factory is sterile, the production process fully automated.
It begins with each skin sample being chopped into small
pieces. Then the different cell types in the skin are isolated
and stimulated to grow. In due course, the resultant cells are
reassembled into a two-layer model in a three-dimensional
matrix — and the artificial skin is ready for use.

This unusual factory is located at the Fraunhofer Institute
Center Stuttgart IZS. In it, the researchers cultivate 5000
roughly thumbnail-sized skin models a month. Artificial skin
is highly sought-after: Manufacturers of pharmaceuticals,
chemicals, cosmetics and medical engineering products need
it to test the compatibility of these products with human

skin. Until now, skin samples have generally been produced
in a complex laboratory process involving a great deal of
manual work. “For the first time ever, we've succeeded in
establishing a continuous process chain in a single facility —
from cell extraction through cell proliferation to three-dimen-
sional tissue formation,” says Dr. Michaela Kaufmann of the
Fraunhofer Institute for Interfacial Engineering and Biotech-
nology IGB in Stuttgart. The factory was built as part of the
Automated Tissue Engineering on Demand project, which is
sponsored by the Fraunhofer-Zukunftsstiftung (Fraunhofer
Future Foundation).

prLoe .
%% www.tissue-factory.com

Biologists, physicists and engineers at four different Fraun-
hofer institutes are working closely together on this project.
Researchers at both IGB and the Fraunhofer Institute for Cell
Therapy and Immunology IZI in Leipzig are responsible for the
basic biological research, as well as validation of the facil-

ity and all its component modules. The tasks of prototype
development, automation and integration of the facility into
an operational whole fall to the experts at the Fraunhofer
Institute for Manufacturing Engineering and Automation IPA

LEAD ARTICLE - 09
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in Stuttgart and their colleagues at the Fraunhofer Institute for
Production Technology IPT in Aachen. The scientists achieved
their first project goal — development of a functioning tissue
factory —in just three years. And now production is due to
startin a few short weeks.

But why exactly do we need to produce artificial skin in a
factory? “I've been working in tissue engineering for ten years
now,” says project initiator Professor Heike Walles, head of
IGB's cell systems department, “and | find it a great pity that
so few products have been launched onto the market to date.
The problem is that there’s no standardized way of manufac-
turing them, because much of the work is done by hand. That
makes it very expensive, t0o.” Her solution is to cultivate tissue
using automated systems. “Seamless automation of all the
steps in the process made it possible to introduce production
technology and business benchmarks such as reproducible
quality, throughput and cost optimization to skin model pro-
duction,” she states.

Not only is the automated process ideal for producing skin
models for test purposes, in the future it also should be

used in transplant medicine. Doctors treating massive burns
injuries need healthy tissue to replace the skin that has been
destroyed, and scientists at IGB are currently working on a
full-thickness skin model that includes blood vessels. Once the
research is completed, these transplants will also be manufac-
tured using the fully-automated production process. The facil-
ity has been designed to comply with the high standards set
out in the Good Manufacturing Practices (GMP) guidelines for
the manufacture of products used in medicine, which means
the facility could in future also be used to produce artificial
skin for transplants.

But the scientists don’t just want to use the factory to manu-
facture skin. Over the next two years, the aim is to further
develop the technology so that other tissue types such as
cartilage can also be produced automatically. Researchers

at 1ZI have furthermore devised a way to generate induced
pluripotent stem (iPS) cells. In future, these stems cells could

be used to cultivate various types of tissue in the tissue factory.

“It was important for us that the entire mechanical process be
divided into separate modules,” explains Dr. Kaufmann, “be-
cause it means we can replace or modify individual modules,
depending what is needed for the production of different
tissue types.”

Skin and cactilage from the lab

Recent years have seen the first patients being treated with
factory-produced skin and cartilage. The advantage of these
two tissue types is that they have relatively simple structures.
It is considerably more difficult to cultivate more complex
tissues or organs such as livers or kidneys, which have a fine
vascular system and are composed of different cell types.

And, of course, there is the added challenge that the cells
must form a three-dimensional structure.

Researchers at IGB have devised a special process for produc-
ing such complex tissues in the laboratory. They start out
with a piece of pig’s intestine, which has an artery for sup-
plying blood to the tissue and a vein for taking blood away.
The animal cells are then removed, leaving only the proteins
of the extracellular matrix and the vessels of the circulatory
system. The composition of this cell-free scaffold is similar

to that of human tissue. The scientists line this mesh from
the inside with human endothelial cells; as soon as artificial
blood is running through the vascular system, the cells of a
wide variety of organs can be grown on the matrix. Since the
tissue has its own vascular system, it can be kept alive in a
bioreactor for several weeks, with a computer controlling the
arterial pressure, temperature and rate of flow.

The new process can be used in many applications, and one
example is the cultivation of new airways made of human
tissue. Traditionally, it has been impossible to repair exten-
sive accident or tumor-related damage to the trachea or
esophagus; patients who have survived such damage have
done so thanks only to permanent and intensive in-patient
medical care. But now, IGB researchers working with a team
of doctors led by Dr. Thorsten Walles, senior physician at
the Schillerhdhe Hospital, part of the Robert Bosch Hospital
in Stuttgart, are devising ways of treating patients using
artificially-grown autologous tissue. To do this, the scientists
use the prepared pig intestine as the scaffold. Heike Walles
explains: “We seed cells taken from the patient on the matrix
and then cultivate them in special bioreactors under physi-
ological conditions.”

Autologous tissue with its own vascular system is gener-

ated within four to five weeks. “So far we've applied this
process, which is still in the experimental stage, to three
individuals with severe tracheal and esophageal defects,
growing replacement tissue for them from their own cells,”
says Thorsten Walles. “In each case, we were able to repair
the damage in a single operation.” If the treatment proves
successful in wider clinical use, it will be possible to adapt the
technology for other surgical applications as well.

Scientists at IGB are also using the ingenious process to cre-
ate a liver model for testing drugs. In the early stages of drug
development, it has been customary to use animal experi-
ments to gauge how medicines work and whether or not
they have side effects. Now, however, the new test model
permits reliable assessment of the effects of new medicines
on human liver tissue for the very first time — thus helping to
reduce the need for animal experiments. The IGB research-
ers also intend to build a 3D intestinal test system. It is in the
small intestine that the majority of the digestive process takes
place, and both medicines and foods are resorbed via the in-
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Regenecative Medicine

Regenerative medicine is still a very new area
of biomedical research. Its aim is to cure a
variety of diseases by repairing damaged
cells, tissues and organs. Scientists working in
this field are not only looking into biological
replacement, for example using cultivated
tissues, but are also seeking to stimulate

the body’s own regeneration and repair
processes. Their main areas of focus are stem
cell research and the cultivation of tissue and
cell structures (tissue engineering).

Scientists from the around the world will
present current research findings at the
World Conference on Regenerative Medi-
cine, which will take place in Leipzig from
November 2 through 4, 2011. The interna-
tional conference is being organized by the
Fraunhofer Institute for Cell Therapy and
Immunology IZI.

The skin factory has a
modular design.

© Rafael Krotz/
Fraunhofer IGB

The quality of the skin
models is measured auto-
matically.

A fully automated system © Fraunhofer IPT

is used to process and
cultivate the skin samples.
© Rafael Krotz/
Fraunhofer IGB
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Feaunhofer Geoup for Life Sciences

Six Fraunhofer institutes have pooled their resources in the
Fraunhofer Group for Life Sciences. Scientists from these
institutes are studying the causes, diagnosis and curing of
diseases, as well as their prevention. Tissue engineering
and stem cells feature high on their list of priorities.

The Fraunhofer institutes for

— Biomedical Engineering IBMT

— Interfacial Engineering and Biotechnology IGB
— Molecular Biology and Applied Ecology IME

— Toxicology and Experimental Medicine ITEM
— Process Engineering and Packaging IVV

— Cell Therapy and Immunology IZI

are all members of the Group.

-‘E‘, www.lifesciences.fraunhofer.de

testinal villi. In future, it should be possible to use this model
to test the effects and action of new drugs in the laboratory.

Both researchers and medical personnel are pinning great
hopes on stem cells. These are expected to help cure serious
diseases such as Alzheimer's or Parkinson's, as well as repair
damage to tissues and organs, for example after a heart at-
tack. What makes them special is their ability to differentiate
into different cell types or tissues. Embryonic stem cells are
obtained from fertilized human egg cells, and can then be
used to develop almost all of the 300 or so distinct human
cell types such as muscle or brain cells.

Healing with stem cells

But every human being also has adult stem cells. These can
be found in bone marrow, in the umbilical cord blood of new-
borns, in the brain, liver, skin or pancreas. From these adult
stem cells, it is only possible to create the various cell types
present in one given organ. For example, neural stem cells
can develop into all the cell types present in the nervous tissue
- but not into liver or muscle cells. One advantage of adult
stem cells is that since they are taken from an individual’s own
body, there is no risk of rejection.

Since the mid-1970s, doctors have been successfully treating
leukemias and lymphomas using stem cells from the bone
marrow and blood of adults. Some medical practitioners also
use adult stem cells to treat patients who have had a heart
attack. In order to reduce the resultant heart damage, doctors
take bone marrow from the patient’s pelvic bone. They then
isolate the stem cells and inject them into the coronary vessels
using a catheter. It is not yet known exactly how they work

there, but studies have shown that new capillaries subse-
quently form at that location.

Studies conducted on animal models by researchers at IZI
indicate that stem cells could also help treat stroke patients.
New treatments for cerebral infarction are urgently needed:
Every year, in Germany alone, 250,000 men and women
suffer a stroke. This happens when a blood vessel in the brain
closes, preventing sufficient oxygen from reaching the cells.
The longer the situation persists, the greater the number of
nerve cells that die. People who survive a stroke are often
disabled for the rest of their lives. Many battle with paralysis
or speech disorders for months or even years after the event.
Until now, the only possible clinical treatment has been
thrombolysis, which dissolves the blood clot. And even that
can only be carried out within the first four and a half hours
of a stroke occurring.

Stem cell therapy now offers a potential alternative. Experi-
ments by Fraunhofer researchers on rats and sheep have
shown that the neurological deficits which result from
moderately severe strokes disappear again just a few days
after a stem cell transplant. “These are encouraging findings,
although they have yet to be tested in clinical trials on human
patients,” says Professor Frank Emmrich, Director of IZI. Brit-
ish researchers are already trialing the clinical procedure on
humans: They gave a stroke patient stem cell therapy for the
first time in November 2010. The United States recently also
green-lighted the testing of embryonic stem cells on humans.
In a Phase I clinical study, doctors injected a paraplegic man
with embryonic stem cells just a few weeks ago — the results
have yet to be observed. In Germany, however, the use of
embryonic stem cells is not permitted.



Skin is made up of several layers of cells.
© Fraunhofer IGB

Consequently, many German researchers are counting on
induced pluripotent stem cells, iPS cells for short, which
demonstrate similar characteristics to embryonic stem cells. A
few years ago, Japanese scientists succeeded in restoring skin
cells into a kind of original state by inserting specific regula-
tory genes. This genetic manipulation restarted the cell’s
embryonic program, leading to induced pluripotent stem cells.
One major advantage of this procedure is that it allows the
production of iPS cells specifically adapted to each individual
patient. However, the method is inherently risky, as it uses
viruses to insert the genes. Happily, researchers at 1ZI have
now developed a procedure for obtaining patient-specific,
individualized stem cells from body cells without using viruses
or genetically modifying the cells. These iPS cells demonstrate
the typical characteristics of embryonic stem cells.

A high potential for treatment

The Cellular Biotechnology Department in the Fraunhofer
Research Institution for Marine Biotechnology EMB in Libeck
is working to develop gentle procedures for the isolation of
adult stem cells derived from animal and human tissue. The
researchers are focusing primarily on glandular stem cells,
which they isolate from exocrine glandular tissue, the pan-
creas, the sublingual gland and sweat glands. These glandular
cells have superb growth characteristics and long life spans,
can be cultured as three-dimensional organoid bodies and
can be cryopreserved without losing any of their vitality. The
researchers also intend to use these cells to test innovative
treatments for skin regeneration. In an experimental mouse
model for full-thickness skin injuries, such cells have been
shown to accelerate the healing process, improve the re-
structuring of the skin, and increase the regeneration of small
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blood vessels. Professor Charli Kruse, site manager of the
LUbeck institution, says: “The fact that it proved possible to
identify sweat glands as a cell source means we're now able
to work with cells that are readily obtainable for potential
treatments.”

Intensive research being conducted all around the world is
slowly bringing us closer to the day when stem cells are used
regularly in clinical applications. However, it will take new,
automated procedures — along the lines of the tissue factory
— to ensure that the highest quality stem cells are available at
all times as a matter of course. Various Fraunhofer institutes
are working on developing such procedures. For instance,
researchers at IPT are cooperating with colleagues at the Max
Planck Institute for Molecular Biomedicine, RWTH Aachen
University and the University of Bonn, as well as the compa-
nies Life & Brain, Bayer Technology Services GmbH and HiTec
Zang, in order to establish a standardized method of produc-
ing iPS cells for pharma testing. And in the EU HYPERLAB
project, scientists from the Fraunhofer Institute for Biomedi-
cal Engineering IBMT in St. Ingbert are working with eight
European partners to develop novel contactless automation
technologies for the culture, expansion and differentiation of
reprogrammed, embryonic and adult stem cells. “The aim is to
use new, high-throughput solutions to find new factors and
mediums for stem cells,” states Professor Heiko Zimmermann
of IBMT.

% www.hyperlab.eu

Organs from the laboratory, substances that stimulate self-
healing, the use of stem cell therapy — regenerative medicine
is ushering in new treatment options, and the Translational
Center for Regenerative Medicine (TRM) in Leipzig, which is
headed by Professor Emmrich of 1ZI, is currently working to
achieve more rapid implementation of research outcomes in
the preclinical phase. The TRM focuses on four main research
areas: tissue engineering and materials science; cell therapies
for repair and replacement; regulatory molecules and delivery
systems; and imaging, modeling and monitoring of regenera-
tion.

“Regenerative medicine has made great strides in recent
years,” says Professor Emmrich, “but there is still much work
to be done by all the scientists, companies and regulatory
authorities involved to ensure that our emerging knowledge
is brought to patients safely and reliably.” In future, it is
predicted that regenerative medicine will help patients with a
wide range of diseases. Medical practitioners hope that tissue
engineering and stem cell therapy will allow them to repair
damaged cells, tissues and organs, and develop treatments
for diseases that are currently incurable. But before the new
methods can make the transition from laboratory to everyday
clinical practice, a great deal of research and development
work remains to be done. |
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On your
macks, get
cells, go

Researchers have developed intelligent
sucfaces that ace tailor made for the
tacgeted cultucing of cells - and their
subsequent celease at the touch of a
button.

Text: Monika Offenberger

Picture driving onto a passenger ferry: coaches are sent to
the back of the parking deck, trucks form a row in front,
and cars fill the spaces in between. When the need arises,
different vehicle types can be directed to designated parking
spaces. Biologists would be delighted if they could do the
same with different cell types on a culture dish, getting them
to grow at particular spots — and then leave again if neces-
sary. That would make laboratory recreations of cells’ natural
environment more lifelike. “In the body, organs and tissues
are made up of various cell types. The whole can only func-
tion if all the parts are working together correctly,” states Dr.
Andreas Lankenau of the Fraunhofer Institute for Biomedical
Engineering IBMT in St. Ingbert. Until now, though, it has
only been possible to grow stem cells, cancer cells, muscle
cells and nerve cells in monoculture.

That could soon change, thanks to novel materials developed
at the Fraunhofer Institute for Applied Polymer Research IAP
in Golm. For three years, scientists at IAP and IBMT have
been working with four research groups from the Max Planck
Institute of Colloids and Interfaces and the University of Pots-
dam to find surfaces that can be colonized by living cells and
then cause the cells to detach again — effectively at the touch
of a button. Experts from a wide variety of disciplines, includ-
ing chemistry, physics, molecular biology and nanotechnol-
ogy, shared their knowledge in order both to clarify funda-
mental theoretical aspects and to solve practical problems of
application. This interdisciplinary exchange was helped along
by the geographical proximity of the participating institutes:
They are all located at the Golm Science Park near Potsdam.
This remarkable joint project received federal funding under
the German government'’s Pact for Research and Innovation.
The researchers are proud of their achievement. “We have
developed materials to which cells bind at targeted points

before growing and reproducing,” reports project coordina-
tor Prof. André Laschewsky, division director at IAP. But that
is not all: “Simply by reducing the temperature slightly —in
other words, using a non-invasive stimulus — we are able

to change the surface properties in such a way as to cause
selected cells to actively detach themselves,” he continues. It
is this gentle, switchable release procedure which is the real
novelty. Until now, cells could only be removed from culture
dishes using digestive enzymes such as trypsin. This destroys
elements of the cells" membranes, impacting on their proper
functioning and making subsequent analyses more error-
prone, if not impossible.

Getting cells to attach and detach
at the touch of a button

Cells only remain undamaged if it is they who detach
themselves. But how to get them to do this? “We simply
make the surface less comfortable for them, so they willingly
heave their little anchors and let go. Then all you need is
running water to rinse them off,” says Laschewsky. This feat
is made possible by polymers based on polyethylene glycol
(PEG), a water-soluble substance that has long been
approved for use in cosmetics and medicines owing to its
high tolerability.

Dr. Jean-Francois Lutz, a researcher at IAP, has succeeded in
combining PEG fragments in such a way that the polymers
either repel water or attract large quantities of it, depending
on the ambient temperature. What is particularly fascinating
is that just by slightly modifying its structure, Lutz can set the
polymer’s critical transition temperature anywhere between 0
and 100 degrees. One variant of the polymer is especially
suited to biological applications because its state change



occurs between room temperature and body temperature. At
37 degrees the polymer repels water, becomes compact like
rubber and offers living cells ideal attachment conditions.
However, at 25 degrees it swells up to become a soft jelly on
which the cells are no longer comfortable, causing them to
detach themselves. The process is reversible and can be
precisely controlled by heating or cooling — with very high
spatial resolution. Laschewsky states: “Using microelectrodes,
defined points can be heated or cooled with micrometer
accuracy. We hope in this way to encourage individual cells
to depart from a culture.”

This technology should allow different cell types to be placed
alongside one another in a predetermined pattern, just like
coaches and cars on a parking deck. “All you would have to
do is get individual cells in a cell lawn of type A to detach
through local cooling and then flush them away,” says
Lankenau, “then reheat the dish and add cells of type B,
which would colonize the vacated sites. In this way you could
create any combination of cell types you like.” This impressive
idea has not yet been put into practice, but patent applica-
tions relating to several materials and methods have already
been filed, and conceivable uses for the technology abound.
For instance, stem cells only develop into a particular tissue
type if they receive the appropriate signals from cells that
have already differentiated. “It doesn’t work if the stem cells
are just sitting there on their own in the Petri dish; even in a
culture, they need to have the right neighbors,” explains
Lankenau.

Fraunhofer researchers have demonstrated the faultless
functioning of the novel polymers using various tissue and
tumor cells. However, some cell types are detached more
easily than others. “This raises the question of what exactly is
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Connective tissue cells
adhere to a bioactive g
lass surface.

© Fraunhofer IBMT

going on here. What forces are in play, and what are the
crucial factors in the adhesion of cells to particular surfaces?
Once we understand that, we will perhaps be better able to
handle aggressive cancer cells in the laboratory or create
implants that are more readily accepted by the body,” hopes
Professor Helmuth Mohwald of the Max Planck Institute of
Colloids and Interfaces. A thorough understanding of the
fundamentals of these processes could also help to keep
away unwanted cells — for instance in hospitals or in food
production. “Today, we can only keep harmful bacteria in
check by using vast amounts of chemicals,” says Laschewksy.
“It would be better if we could design surfaces that inhibit
the formation of biofilms in the first place. And then, even if
one did form, we could simply switch the surface properties
periodically to initiate a cleansing process.”

The switchable polymers can be used to hold and release not
only whole cells but all sorts of biomolecules. Describing
another possible application, Laschewsky states: “We can
influence the adherence of individual proteins and separate
them out much more thoroughly than with current methods
—and that in agueous solutions, without damaging them.”
Lutz adds: “On top of that, we can bind enzymes to the
polymers and control how they operate. In its swollen state
the PEG is open and the enzymes can react. Collapsing
specific areas blocks the enzymes.”

The Fraunhofer scientists have even ventured into the third
dimension by using thick layers of modified PEG to encour-
age the formation of multi-layer cell colonies. A touch of the
temperature button makes the polymer scaffold fall in on
itself and releases the cells. This might make it possible in
future to culture bone cells, which need a certain degree of
mechanical resistance to grow. |
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The laboratory OR is used to familiarize doctors with
the ultra-modern technology. © Fraunhofer IPA

Scalpel
wielding
robots

When difficult sucgecy is pecfocmed, it is often
the skill and expecience of the opecating sucgeon
that makes the diffecence between life and death.
In futuce, intelligent machines will assist these
expects in their wock. Reseacchers have set up a
test laboratory to demonstrate how the OR of the
futuce might look.

Text: Klaus Jacob

These days, it's hard to imagine a factory
without robots. Industry relies on intelligent ma-
chines for all manner of things, from automobile
assembly to the manufacture of computer chips.
But the same cannot be said of hospital operat-
ing rooms, where the surgeon’s hand remains
the measure of all things. Yet here, too, a great
deal of work could be automated — and thus
made safer and more efficient. Jan Stallkamp,
head of department at the Fraunhofer Institute
for Manufacturing Engineering and Automation
IPA in Stuttgart, and a team of colleagues are
already well on the way to revolutionizing work
in the OR. But Stallkamp is in no way seeking to
put surgeons out of work; he simply wants to
support them with smart machines when they
are working at the very limits of manual surgery.

Let's take a peek at the hospital of the future:

A brain tumor patient lies on the operating
table, a scanner automatically moving back and
forth above his head, producing a continuous
picture of his brain. Compare this with today’s
operating rooms, where surgeons generally have

to rely on old images captured in the run-up to
an operation. This makes the process inherently
risky, since simply easing the patient into a dif-
ferent position will move their brain around — it
will “float about”, as Stallkamp puts it, altering
the location of the tumor in their head. The new
scanner not only provides up-to-date images, it
produces them in high-definition 3D, rendering
visible all the vessels and other structures down
to a hundredth of a millimeter. The surgeon uses
these images to inform his final decisions before
commencing surgery. He plans the operation
like an engineer does a construction site: with
the aid of the 3D image, he ponders processes
and procedures, position plans, logistics and
danger zones. The surgeon doesn’t even need
to get his hands bloody, as he stays behind his
displays and monitors throughout the operation;
with the help of a robot, he is able to control all
the required instruments from his remote com-
mand post.

First, the robot drills a hole in the patient’s skull
—in one continuous movement, more gently



and more quickly than any surgeon could. Then,
moving forward under its own power, the head
of the endoscope makes its way slowly but
surely through the brain to the tumor, trailing
supply lines in its wake. As it does so, it tries to
avoid blood vessels and other sensitive tissues.
But if, despite its best efforts, it does accidently
nick a vein, it stops the bleeding immediately.
Once in situ, a mini-scanner on the end of the
endoscope assesses whether the targeted cells
are healthy or cancerous, and tumor tissue is
then vaporized and extracted. This method
ensures that only damaged tissue is removed.
At present, it is often difficult for surgeons to
clearly identify tumor cells by visual appearance
alone, so they have to remove healthy tissue as
well, yet they can still never be certain of having
removed all the cancerous cells. In this respect,
the smart endoscope represents a huge step for-
ward. And last but not least, the entire opera-
tion is recorded and archived, thus creating an
important database to which doctors can refer
as they continue to treat the patient.

Although the above scenario is still a rather
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fanciful vision of the future, the Fraunhofer
team of researchers is already working on some
of the basics. They have, for example, devel-
oped a “tumorscope” that uses a fluorescence
system to distinguish between healthy and
cancerous cells in a fraction of a second — and
without causing any damage. The apparatus is
still somewhat bulky for use in the OR, but has
already proved its worth in various operations.
The interdisciplinary team, comprising mechani-
cal engineers, microsystems engineers, mecha-
tronics specialists, electrical engineers, physicists
and IT experts, has also invented an automatic
exchange system for the endoscope. Until now,
surgeons have had to feed every instrument,
whether mini-pliers or ultrasound cutters, indi-
vidually through a tube to the endoscope. Now,
the various applications are held at the ready in
a drum, like cartridges in a revolver; six different
items of equipment can thus be inserted auto-
matically and changed rapidly, and the develop-
ment also represents an initial step along the
path to miniature robotic systems.

Close cooperation between
engineer and sucgeon

The operating room of the future will contain
many other innovations too, such as wireless en-
doscopes, robots and network systems. In order
to be able to test the equipment — and above

all the interplay between the different compo-
nents — in realistic conditions, the Fraunhofer
researchers have now set up an entire OR at the
IPA in Stuttgart. The Bozzini Lab, as it is known,
is named after German doctor Philipp Bozzini
(1773-1809), who was the first person to design
a light conductor, a primitive endoscope, in
order to see inside the body. Although it has not
yet been officially inaugurated, the laboratory

is already better equipped than many a hospital
operating room, and it will soon even boast its
own breathing apparatus.

However, no genuine operations on human
beings are permitted there. Its sole purpose is to
evaluate equipment and to familiarize doctors
with the ultra-modern technology it contains. It
offers a safe environment where surgeons and
engineers can play with new systems to their
heart’s content, working on dummies and speci-
mens. The lab has two robots which are particu-
larly conspicuous. These 400-kilogram giants are
able to suction themselves to the floor, so they
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remain rock steady during operations and are
able to carry out movements with the required
degree of precision. In the Whole'O'Hand proj-
ect, the IPA scientists and their colleagues from
the Fraunhofer Institute for Integrated Circuits
IS in Erlangen and the Fraunhofer Institute for
Computer Graphics Research IGD in Darmstadt
are seeking to demonstrate new technologi-
cal concepts for minimally invasive liver tumor
resections. This is an entirely new type of opera-
tion, given that this kind of treatment is still
almost always carried out using traditional open
abdominal surgery. The liver that is operated

on in the laboratory OR is made of plastic, but
has similar characteristics to a real organ. One
robot holds the instrument exchange system,
into which the intention is also to integrate the
endoscope. Attached to the second robot is an
ultrasound sensor, which provides a continuous
stream of real-time data. Thanks to these data,
the knife is able to stay on its prescribed cut-
ting path even though the organ is constantly
moving. These ad hoc corrections — experts talk
of a “closed loop system” — are an integral part
of the project and a significant prerequisite for
automated processes.

Sensors provide real-time data
ducing the operation

Stallkamp is working closely together with sur-
geons from TUbingen and Stuttgart. He knows
exactly how important this cooperation is,
because it provides the necessary practical ele-
ment. If the mechanical engineers fly off on a
flight of fancy, the doctors soon pull them back
down to earth — for example by bringing along
a section of artery and showing them precisely
how difficult it is to handle the tiny, slippery
vein. Indeed, not all the surgeons are brim full
of enthusiasm for their revolutionary place of
work. “Some of them don’t trust the robot

at all,” acknowledges Stallkamp, who himself
comes from a family of doctors. “But we really
need their cooperation, because at the end of
the day, it is they, not us, who will be standing
there next to their patients.”

Success will be the determining factor. If the
new technology proves reliable and useful, it is
quite possible that roles and responsibilities in
the operating room will be redistributed. And
that robots will be given a permanent position
in the OR, as elsewhere. @
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Electeifying cells

A new testing method precisely indicates the effects of

pharmaceuticals and toxins on human cells.

Text: Monika Offenberger

Cell cultures have come to play an essential role in biomedi-
cal research. They make it possible under controlled labora-
tory conditions to precisely observe how particular types of
cell or tissue change their behavior after contact with the test
substance. In the search for new pharmaceutical products
and therapies, such in vitro tests offer a useful alternative

to animal experiments. Many of the conventional testing
methods, however, have disadvantages. For instance, specific
biological reactions can often only be observed if the cells
have been prepared in advance with dyes or antibodies.

This not only costs time and money but can also affect the
measurement results. Another problem is that many methods
are based on two-dimensional cell combinations growing on
artificial surfaces. Certain medical questions, however, can
only be investigated using three-dimensional tissues.

These problems are avoided with a cell-based biosensor
developed at the Fraunhofer Institute for Biomedical Engi-
neering IBMT in St. Ingbert, Germany. Dr. Hagen Thielecke
from IBMT explains the basic principle: “We combine various
technical microsystems with living cells to create a biohybrid
system which enables us to investigate the

electrical impedance of cells and small tissue samples.” De-
pending on the frequency spectrum of the current, the elec-
trical impedance of living tissues is influenced by biological
processes and structures. For many medical issues, therefore,
it is an excellent indicator of the physiological condition of
cells and tissues. The actual measurement takes place in a
glass capillary tube filled with a nutrient solution, to which
the cell sample is added. The glass capillary tube is con-
nected at both ends to a platinum electrode. When current
is applied, the voltage shows a characteristic drop for a given
sample material. This drop can be determined by potential
derivations.

Measucing the effect of active substances

The measurements provide information about the effect of
possible pharmaceuticals or environmental toxins with-
out damaging or destroying the cells. These non-invasive
measurement methods can be used on individual cells and

on sections of tissue. “We have special expertise in that we
can even characterize three-dimensional cell aggregates,”
says Thielecke. Depending on the purpose of the test, the
Fraunhofer research scientist uses either tissue samples up

to 10 millimeters thick from biopsies or artificially produced
spheroids consisting of up to 100,000 cells with diameters of
200 to 500 micrometers. Depending on their constituent cell
type they serve as models for nerve tissue, the retina, blood
vessels, heart or lung.

The tissue spheroids more closely reflect the natural condi-
tions in the body than single-layer cell cultures. Spheroids of
heart muscle cells, for example, are spontaneously active and
in their normal state beat in a coordinated rhythm. “We can
derive the field potential from this, as well as the connection
between mechanical contraction and electrical excitation —
depending on what the pharmacologists or medical research-
ers want to test. When you add a beta-blocker or other
active substance, this behavior changes,” explains Thielecke.
Such changes can be precisely measured over a very long
period. In suitable nutrient solutions the cells remain alive
for days or even weeks. In the joint CARDIOWORKBENCH
project, funded by the EU, the IBMT research scientists work-
ing in cooperation with eleven partners from science and
industry have developed a testing platform which optimizes
the search for active substances to treat cardiovascular dis-
eases. In addition to heart muscle cells the research scientists
also use smooth muscle cells and endothial cells from blood
vessels to analyze the effect of various substances.

Versatile biohybrid testing

The versatility of IBMT's biohybrid testing methods is illus-
trated by three further joint projects involving international
partners, which were likewise funded by the European
Union. The OsteoCord project looked into the question of
how human stem cells develop into bone cells. Thielecke
once again: “In this process the cells store up more and
more calcium, which changes their impedance spectrum.
Over several weeks we were able to track the individual
steps of differentiation through to bone cell formation and
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The effect of substances
on human cells is exam-
ined in the biosensor.

© Bernd Muller/
Fraunhofer IBMT

observed how homogeneous this development is and when
precisely which cell types undergo specific changes.”

Future possibilities of genetic therapy for vascular and
ophthalmic diseases were the focus of the EU project
PoLexGene. The idea behind it is interesting — the insertion
of functioning DNA fragments into the affected organs to
remedy pathogenic genetic defects. Various viruses can act
as the genetic carriers, but their use entails unforeseeable
health risks. Nanoparticles of biocompatible polymers pres-
ent a promising alternative, and the biosensors developed at
IBMT are a great help in the search for the best candidates:
“While previously we were able to determine the differ-
ences in the genetic transfer rates of various polymers, we
did not know why they differed,” says Thielecke. “Now we
can measure their effect on the cell membrane continuously
over several hours, for example on endothial or retinal cells.
This means that we can provide important information to
chemists on how to optimize the production of polymers so
that they achieve a high transfer rate but do not have a toxic
effect on the cell.”

What noanpacticles do

The influence of nanoparticles on cells was the subject

of the major European joint project DIPNA, and here too
IBMT's expertise was in demand. This project looked at the
substances used for coating surfaces and addressed the
question as to whether they are harmful. “To investigate
this we used cells of lung mucous membrane specially
prepared by scientists at the University of Salzburg,” explains
Thielecke. “We combined them with our biosensors in a
microculture system and were thus able to determine how
many nanoparticles have to come into contact with a single
cell'in order to trigger an inflammatory reaction.”

The different subject areas addressed in the four EU proj-
ects demonstrate the flexibility of IBMT's biohybrid test-
ing systems. “We have developed a basic technology and
now know what we can achieve with our methods,” states
Thielecke in summary. ™
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On-site diagnostics

The futuce of medical laboratory diagnostics is compact,
decentralized and papecless. An intecnational team of ce-
searchers has developed the prototype of a mini laboratocry
for medical practices, hospitals and home-based patients.

Text: Monika Weiner

The worst thing is the waiting. When a physi-
cian suspects a malignant tumor and takes a
blood or tissue sample to send to the labora-
tory, the patient will typically endure days of
worry and uncertainty. Until the results come
through, the patient has no idea whether life
will continue as before or whether a cancer
diagnosis will change everything. This delay,
which causes major psychological stress, is the
inevitable downside of transporting the sample
to a central laboratory where it can be prepared,
analyzed and evaluated with the aid of expen-
sive technical equipment. Only once this lengthy
process is complete can the results be sent back
to the attending physician.

Dr. Thomas Velten from the Fraunhofer Institute
for Biomedical Engineering IBMT in St. Ingbert
is confident that things will move much faster
in the future. Working in collaboration with 30
groups of researchers from Europe and Aus-
tralia, his team has developed a new concept
of laboratory diagnostics that could drastically
reduce the time the process takes. “The aim of
the EU project SmartHEALTH was to develop
an innovative diagnostic technology that could
be used at the patient’s point of care —in other
words at medical practices and hospitals, or
even in the patient’s home. The technology
had to be easy to use and capable of deliver-
ing results that could be checked online and
integrated in hospital IT systems.”

Medical technicians, nanotechnologists,
biomedical experts, chemists, electrical engi-
neers and software specialists spent four years
wrestling with the task before coming up with
the prototype for an “all-inclusive” system. Their
solution eliminates many of the steps that used
to be unavoidable, for example transportation
to a central laboratory, sample preparation and

data evaluation on an external computer. The
SmartHEALTH researchers succeeded in integrat-
ing a complete analysis system within their mini
laboratory, including everything from sample
preparation to PCR for the duplication of gene
sequences. All the processes run automatically —
the only thing the user has to do is to insert the
disposable cartridge for the required test and
start the program. The results are ready just half
an hour later.

Lab-on-a-chip

At the system’s core is a four square millimeter
chip with a membrane in the center. The
membrane is equipped with capture molecules
which can detect certain proteins or fragments
of DNA in the sample solution. These are
important for the diagnostic process because
each type of cancer is accompanied by typical
changes in DNA or in protein formation. If these
so-called “tumor markers” are picked up by the
capture molecules, this indicates that the patient
is suffering from a specific type of cancer, for
example colorectal cancer. The chip technology
makes it relatively easy to determine the
concentration of the different tumor markers in
a blood sample. The biomolecules on the
surface alter the membrane’s physical properties
— the more molecules that bind to the mem-
brane, the lower will be the frequency at which
it vibrates when a voltage is applied. A software
program is used to calculate the concentration
of the molecules in the sample from these
results.

The analysis chip was developed by researchers
at Newcastle University in the United Kingdom.
Velten and his team then succeeded in integrat-
ing it within the mini laboratory: “That was a

huge challenge,” says the researcher. “The chip

The disposable cartridge contains all the reagents that are
required to test a blood sample. Evaluation in the mini
laboratory produces quick results. © Fraunhofer IBMT

has dozens of electrical contacts packed tightly
together. It is difficult to find a stable way of
connecting it to the outside world because the
connection methods used in microelectronics
are not “biochip compatible”, so they can't be
directly applied. You also have to insulate the
contacts arranged around the membrane when
you connect up the biochip in order to prevent
the chip from coming into contact with liquids
during the measuring process. That was no easy
task on a chip which is only 2x2 square
millimeters!”

After much experimenting, the Fraunhofer
researchers finally came up with a solution. They
began by gluing the chip to a circuit board.
Next, they formed the electrical connections
between the biochip and the circuit board using
ultra-thin conductors just 500 nanometers
across embedded between polyimide layers. The
conductors are thinner yet more robust than the
gold wires typically used in microelectronics.
Finally, the engineers insulated the contact
points of the biochip and circuit board with a
0.5 millimeter thick layer of plastic, leaving only
the 200 micrometer diameter of the membrane
exposed. “We used an encapsulation technol-
ogy that ensured the electrical contacts would
be impervious to liquids and mechanical loads,”
says Velten. The circuit board embedded in
plastic is attached to a disposable cartridge.
Plugging this into the mini laboratory is easy —
the spring electrical contacts engage automati-
cally to form a connection with the circuit
board.

Online evaluation
The prototype of the mini laboratory — which

the researchers presented recently to mark
the end of the EU project — offers different



cartridges for diagnosing breast cancer, cervical
cancer and colorectal cancer. Data on the mea-
sured tumor markers is analyzed and interpreted
directly within the device itself using a software
program developed by computer scientists at
IBMT: “The aim was to increase the reliability of
the diagnostic process by enabling a whole set
of tumor markers to be measured in parallel and
interpreted by the software on the basis of ref-
erence measurements and statistical methods,”
says Stephan Kiefer from IBMT.

The results of the test can be viewed directly on
the display by the doctor and patient — assum-
ing they have first identified themselves using
an electronic health card or fingerprint reader.
“Data security was an issue we took very seri-
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ously in the EU project,” says Kiefer. With the
help of his colleagues, he developed special
communication modules for use in hospitals
which ensure that the analyses are transferred
directly to a hospital’s information systems and
recorded in the respective patient’s file. “The
innovative aspect of this software component
is that it is compatible with all the standard
information systems that are used in hospitals.
Previously you couldn’t carry out ad-hoc data
transfers because there was no established
standard for data communication between
medical devices, but this solution overcomes
that hurdle.”

Patients benefit from quick results that eliminate
the anxiety of a long wait. |
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The ad for the weekend trip to the Alps on
commercial television was so enticing that the
Wedel family booked it right from the couch,
using their TV's Internet connection. But the
route to the ski hotel over winter roads is a

long and arduous one — it would be best not

to get lost along the way. So the Wedels plan
their route in advance online. When it's time

to travel, their car has long known the destina-
tion, because the home PC has already informed
the car’s navigation app. The children shorten
the travel time with films and music from their
online media library. Along the final yards of the
trip, on foot from the village's central parking lot
to the hotel, the family is guided by their smart-
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Apps for all!

phone, which naturally has long since been fed
the hotel address by the app in the car.

This scenario is still a futuristic one, but before
long an open platform for mobile Web services
will make just such a stress-free trip possible.
Technically speaking, it mak