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The development process for a new pharmaceut ica l  normal ly  starts  in the  

laboratory (f irst photo from the left,  also on the front cover).  I f  pre-cl inical tests 

of  the candidate drug were successful ,  a GMP-grade invest igat ional  medic inal 

product has to be manufactured in compl iance with the German Drug Act 

(second photo)  for use in c l in ica l  t r ia ls  with volunteers ( th i rd photo) .  Once 

c l in ica l  test ing has been successful ly  completed, the pharmaceut ica l  wi l l  

eventual ly  be made avai lable on the market and thus for treatment of pat ients 

( fourth photo) .

The whole process of trans lat ing knowledge gained in bas ic  research into  

pharmaceut ica l  agents,  therapies,  or  d iagnost ic  methods for use in pat ients is 

referred to as trans lat ional  research.
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FoReWoRd

Dear Reader,

The term “translation” is used with a variety of meanings in 

the biomedical field. In molecular biology, translation usually 

means the interpretation of an organism’s blueprint informa-

tion (mRNA) to build highly effective molecules (proteins). In 

the medical domain, translation aims to transform basic infor-

mation about the pathogenesis of diseases into novel, highly 

effective medications.

The medical translation process from the findings of basic, pre-

clinical and clinical research to highly effective and marketable 

therapeutics comprises several development phases. The re-

sults of pre-clinical tests are key to the decision to take a can-

didate drug into clinical trials or abandon its development. The 

step from pre-clinical to clinical development, that is, the inter-

face between studies in models and the first use in man, is of 

particular importance. The first successful proof of efficacy in 

patients, provided by what is referred to as clinical proof-of-

concept studies, in most cases marks the beginning of a clinical 

development program worth several 100 million euros. At  

this interface between pre-clinical and clinical development, a 

decisive factor for a successful outcome is the close dovetailing 

of laboratory research and clinical investigations – the optimal 

situation is to have scientists and clinicians working under the 

same roof. At the Fraunhofer ITEM, they have successfully  

done so in the field of airway research for over ten years now.

In Lower Saxony, this concept of medical translational research 

is being placed on a broad basis with the initiative TRAIN 

(Translational Alliance in Lower Saxony), in which the Hannover 

Medical School and a number of university and non-university 

institutes are involved. Major constituents of TRAIN include  

the Clinical Research Center (CRC) Hannover for the conduct 

of early-phase clinical studies and the Fraunhofer ITEM Division 

of Pharmaceutical Biotechnology with its GMP facility for the 

manufacture of biopharmaceutical investigational products in 

compliance with the German Drug Act, for use in clinical trials. 

Public research institutions and smaller biotech startup compa-

nies thus also have easy access to clinical research competence, 

knowhow in cell line and process development, and to techni-

cal facilities for GMP-grade manufacture of biopharmaceutical 

active ingredients.

The aim of the TRAIN initiative is to promote development of 

novel medications and diagnostics from publicly funded labora-

tories in Lower Saxony and also from other industrial or public 

research institutions and bring these from bench to bedside  

as quickly and cost-effectively as possible. New buildings and 

equipment required under TRAIN are being funded for the 

most part by the Land Government of Lower Saxony and the 

German Federal Ministry of Education and Research.



This Annual Report will give you an insight into the institute’s 

Division of Pharmaceutical Biotechnology, the CRC Hannover, 

and into several projects concerned, among other things, with 

translational research. 

Translational research, that is, the translation of laboratory 

findings into practical applications, is a process nanomaterials 

also have to go through, if they are to persevere in the market. 

In the translation process, obstacles such as a product-specific 

health hazard have to be identified as early as possible, and 

ways of reducing or eliminating potential health hazards that 

have been recognized have to be found. At the Fraunhofer 

ITEM, several teams are working on over 20 projects in the 

field of nanotoxicology. A few examples are presented in this 

Annual Report.

Let me take this opportunity to thank the institute’s staff for 

their commitment and hard work. I also wish to thank our  

clients and funders for their confidence in our work, and I look 

forward to continued successful cooperation.

Prof. Dr. Dr. Uwe Heinrich

Executive Director
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pRoFIle oF the InstItute

Protecting man from health hazards in our industrialized world 

and contributing to the development of novel therapeutic  

approaches – these are the aims of the Fraunhofer ITEM.  

A focus is on airway research: a wide range of airborne sub-

stances – pollutants but also pharmaceuticals – are taken up 

via the lungs. The scientists of the Fraunhofer ITEM determine 

the risks of potentially harmful substances, develop and test 

novel medications against respiratory diseases – in particular 

asthma, allergic rhinitis, and chronic bronchitis (COPD) –,  

and study mechanisms of action. Due to a wide spectrum of  

expertise, the institute is able to offer complete solutions – 

from the idea to the product – to clients from industry, indus-

try associations, occupational safety and health organizations, 

and public authorities.

The institute has pooled its competences to form four  

business units:

1.  Drug Research, Drug Development and Medical  

Biotechnology

2. Clinical Airway Research 

3.  Occupational and Environmental Toxicology and  

Consumer Protection

4.  Testing and Registration of Chemicals, Biocides and  

Pesticides

Grouped by these business units, the present report presents 

selected projects and preliminary research conducted by 

Fraunhofer ITEM scientists in 2012.

Our focus: lungs and airways

The respiratory tract is the focus of research at the Fraunhofer 

ITEM. In in-vitro and in-vivo models, primarily substances that 

are taken up via the airways are being studied. These include 

single components, such as fibrous dusts or ultrafine particles 

and nanoparticles, but also complex mixtures that are encoun-

tered at the workplace or in the environment, as for instance 

exhaust gases from automobiles and coking plants, or bitumen 

fumes.

Testing and development of pharmaceuticals

With regard to inflammatory and allergic diseases of the respi-

ratory tract the Fraunhofer ITEM offers research and develop-

ment services from the molecular level to clinical trials. Methods 

of cell biology and molecular biology are used to validate novel 

target structures for diagnosis and therapy and optimize these 

during early development stages. Once possible drug candidates 

have been identified, efficacy and safety tests are performed. 

For drug registration in compliance with GLP (Good Laboratory 

Practice) regulations the Fraunhofer ITEM performs toxicological 

and safety pharmacological testing. The institute’s Division of 

Pharmaceutical Biotechnology develops manufacturing processes 

for biopharmaceutical active ingredients. For clinical trials with 

biopharmaceuticals investigational medicinal products are 

manufactured in compliance with GMP (Good Manufacturing 

Practice) guidelines. A GMP unit for the aseptic filling of infu-

sion solutions is also available.

Clinical studies 

For the registration of pharmaceuticals for the indications  

allergy, asthma, and COPD, the Fraunhofer ITEM conducts 

clinical studies, mainly of phases I-II, in compliance with GCP 

(Good Clinical Practice) guidelines, managed by highly quali-

fied physicians. The special equipment the institute has at its 

Focuses oF ouR WoRk



disposal for these studies includes different environmental  

exposure units. In the ”Fraunhofer Environmental Challenge 

Chamber“, which so far has been used to expose test subjects 

to grass pollen and house dust mite allergens, tests with other 

allergens will also be possible in the future. 

Personalized tumor therapy

Personalized tumor therapy is the research topic of the 

Fraunhofer project group with exactly this name that took  

up work at the University of Regensburg in 2011. Its focus  

is on application-oriented basic research into the formation  

of metastases and the translation of the results obtained into 

novel diagnostic methods and therapeutic products.

Assessment of potentially harmful substances

Be it at workplaces, in the environment, or in consumer  

pro ducts – scientists at the Fraunhofer ITEM can detect toxic  

substances and evaluate the human exposure situation. For 

toxicological investigations and inhalation toxicity testing in 

particular – both in vivo and in vitro – complex atmospheres 

can be reproduced on a laboratory scale. 

Risk assessment and registration of chemicals

Based on their own experimental results, literature searches, 

and data provided by clients, Fraunhofer ITEM scientists  

prepare reports on test substances and, if required, perform 

human exposure and risk assessments. In addition, the insti-

tute supports its clients in the registration of chemicals  

and complex mixtures and in the assessment of substances 

falling under the European chemicals regulation REACH.

Top-level quality

The responsibility of the Quality Assurance Unit (QAU) is to  

ensure that the studies conducted at the institute are performed 

at a consistently high level in compliance with GXP guidelines. 

As one of the institute’s central service units, it supervises com-

pliance with the legally required quality assurance systems GLP, 

GMP, and GCP, which ensure that the procedures of drug  

development and manufacture and of chemical safety testing 

are performed reliably and reproducibly and that the generated 

data are valid.

Expertise in measurement technology and process  

engineering: inhalable aerosols for effects research

For inhalation studies, the comprehensive expertise and many 

years of experience of the aerosol technologists at the Fraunhofer 

ITEM are an essential prerequisite. Their know-how on the 

aerosolization of substances and on the deposition and kinetics 

of inhaled substances is also used to develop pharmaceutical 

aerosols.

Pooling together expertise

The Fraunhofer ITEM cooperates with partner institutes within 

the Fraunhofer-Gesellschaft and also pools together its own 

expertise with that of external cooperating partners. This puts 

the institute in a position to offer an even broader range of  

research services. Important partners nearby the institute are, 

for example, the Hannover Medical School (MHH), the Braun-

schweig-based Helmholtz Center for Infection Research (HZI), 

and TWINCORE. 

It is in cooperation with the MHH and the HZI that the Fraunhofer 

ITEM is setting up a new translational research center, the 

”Clinical Research Center Hannover“ (CRC Hannover). The 

CRC Hannover will offer an optimal infrastructure for early-

phase clinical trials (phases I and II) and will provide the basis 

for a stronger dovetailing of basic research and clinical research. 

First clinical trials at the new study center are planned to begin 

in early 2014.
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phARmAceutIcAl BIotechnology –  
FRom cell lIne And pRocess develop-
ment to ApI And Imp mAnuFActuRe

About half of all recently approved pharmaceutical substances 

are biologics. Most of them are recombinant proteins manu-

factured by cell lines, which compared to classical pharma-

ceuticals require far more complex manufacturing processes. 

There is a still increasing demand for novel pharmaceutical 

proteins, but their successful development always strongly  

depends on the adherence to prefixed cost and time lines.  

To reduce the risk of failing to meet these is one of the aims  

of the Fraunhofer ITEM Pharmaceutical Biotechnology.

Based in Braunschweig, the Division of Pharmaceutical Bio-

technology recently moved into a new building – allowing  

the scope of its technological services to be further expanded. 

Besides a 700-m2 floor providing office and meeting rooms, 

the division now has at its disposal two and a half floors with 

a total of about 2000 m2 of laboratories and pilot plants for 

process development and scale-up. A clean-room area of  

over 600 m2 allows the biotechnologists to manufacture pilot 

batches of biopharmaceutical active ingredients (APIs) by micro-

organisms and animal cells in compliance with GMP standards. 

In direct proximity to their light-flooded offices, the 

staff members of the institute’s Braunschweig branch 

can find spaces for informative conversations during 

a cup of coffee and for fruitful meetings.



Closing the last gap in the development chain for novel pharma-

ceuticals, a class-B clean room now enables sterile filling of  

investigational medicinal products (IMPs) in the form of vials 

and ampoules, which can subsequently be released for use  

in clinical trials.

With its capabilities to develop clinical IMPs to GMP standards, 

to do pre-clinical development in compliance with GLP, and  

to conduct early-phase clinical trials according to GCP, the 

Fraunhofer ITEM is the only publicly funded research institution 

in Germany that covers the complete development chain for 

novel biopharmaceuticals under one roof and offers these ser-

vices to clients in the context of translational medicine. The 

Fraunhofer ITEM is thus in a position to offer to public research 

institutions, the biotech and pharmaceutical industries a “full-

service package” for the manufacture of biopharmaceu ticals: 

from cell line and process development to fill and finish of 

IMPs and their testing in clinical trials.

To be able to cover all manufacturing process aspects for bio-

pharmaceuticals, the Division of Pharmaceutical Biotechnology 

combines all the required expertise in molecular biology, cell 

biology, bioprocess engineering, bioanalysis, pharmaceutical 

technology, and drug regulatory requirements.

contAct

Dr. Holger Ziehr

Phone +49 531 6181-6000

holger.ziehr@item.fraunhofer.de

FIELDS OF ExPERTISE

–  Development of recombinant production cell lines based 

on microorganisms and animal cells

–  Development and validation of cell culturing processes 

(e.g. CHO, E. coli) and product purification sequences 

for active biopharmaceutical ingredients: proteins,  

glycoproteins/antibodies, virus-like particles, phages, 

and nucleic acids/plasmid DNA

–  Development and validation of analytical and bioanalytical 

test methods

–  Non-GMP and GMP manufacture of pilot batches of  

active biopharmaceutical ingredients

–  Sterile manufacture and stability testing of investigational 

medicinal products

–  Release of cell lines, active biopharmaceutical ingredients, 

and investigational medicinal products in compliance 

with EU and German drug regulations

–  Consultancy in European and German drug regulatory 

issues

The Division of Pharma-

ceutical Biotechnology has 

its facilities in the so-called 

“Y-Building”   on  

the HZI research campus  

in Braunschweig.

The bioreactors in the GMP  

facility (clean room class D), 

where mammalian cell lines 

such as CHO cells or microbial 

production strains such as E. coli 

are cultured, have a capacity of 

500 liters. 
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the neW study centeR FoR eARly- 
phAse clInIcAl tRIAls – clInIcAl  
ReseARch centeR hAnnoveR

The Clinical Research Center Hannover (CRC Hannover), which 

is being set up on the grounds of the Fraunhofer ITEM, will be 

the only medical research center of its kind in Germany. In close 

cooperation between the Fraunhofer ITEM, the Hannover 

Medical School (MHH), and the Helmholtz Center for Infection 

Research (HZI), the CRC Hannover will allow safety (phase-I  

trials) and efficacy testing (phase-IIa trials) of new medications 

that have not yet been approved by the authorities for com-

mercial use. The result will be a closer dovetailing of research 

and clinical practice, which will expedite the translation of  

research results into clinical applications. In addition, epidemio-

logical studies will also be performed at the CRC Hannover.

The new study center is an important constituent of the medical 

translational alliance in Lower Saxony (TrAiN). TrAiN is a cross-

disciplinary alliance of university and non-university institutions 

in Lower Saxony, funded by the Lower Saxony Ministry of Science 

and Culture and aimed at developing novel medications and 

“We wi l l  f ina l ly  have  the  necessary  inf ra -

s t ructure  to  conduct  a l so  ear ly -phase  

c l inical  studies on s ite.  Our wel l -establ ished 

cooperat ion  with  the  Fraunhofer  ITEM and 

the  HZI  i s  thus  enter ing  a  new,  forward- 

look ing phase .”

Professor Dr. med. Dieter Bitter-Suermann, MHH President

“The CRC i s  an  exce l lent  example  of  the  

doveta i l ing  of  d i fferent  research  inst i tu -

t ions  based in  the  area :  HZ I ,  MHH,  and 

Fraunhofer  ITEM are  pool ing  the i r  com-

petenc ies  here  in  the  serv i ce  of  human 

hea l th .”

Professor Dr. Dirk Heinz, HZI Scientific Director

Ph
ot

o:
 M

H
H

/K
ai

se
r

Ph
ot

o:
 H

ZI



“ I t  was  a  spec ia l  cha l lenge to  d is t r ibute  the  d i fferent  research ,  

examinat ion,  t reatment ,  and recreat ion areas  between the d i fferent 

f loors  in  a  sens ib le  and funct iona l  way that  promotes  sc ient i f i c  com-

municat ion  at  the  same t ime.  I  th ink  that  th i s  has  been accompl i shed 

very  successfu l ly.”

Dipl.-Ing. Dirk Nelson, architect at Nickl und Partner until 2012 with a major role in the  

construction of the CRC Hannover

vaccines and transferring these from bench to bedside at  

reduced cost and time wherever possible.

A total of about 50 beds will be available in the CRC Hannover, 

28 of which will be equipped for intensive monitoring of study 

participants. Lavishly appointed facilities including a cinema, 

gym, relaxation room, and inner courtyard will enable also 

studies that require study participants to stay at the study  

center for longer periods. In addition, a wide range of special 

examinations will be possible at the CRC Hannover, including 

right-heart catheterization, endoscopy, sonography, hearing 

tests, lung function diagnosis, and metabolic examinations. 

Cutting-edge imaging methods such as magnetic resonance 

imaging will be available for clinical studies.

The first sod was turned in 2011. In 2012, the construction 

work progressed to schedule, and in summer, architects and 

building contractors celebrated completion of the building’s 

shell with a little topping-off ceremony. First clinical trials in 

the CRC Hannover are planned to begin in early 2014.

contAct

Prof. Dr. med. Norbert Krug

Phone +49 511 5350-602

norbert.krug@item.fraunhofer.de

“The CRC Hannover  wi l l  a l low us  to  he lp  

acce lerate  the  cost ly  and t ime-consuming  

deve lopment  of  nove l  medicat ions  and  

d iagnost i c  methods .  We are  look ing for- 

ward  to  a  f ru i t fu l  cooperat ion  with  MHH  

and HZI . ”

Professor Dr. Norbert Krug, Fraunhofer ITEM Medical Director
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peRsonAlIzed tumoR theRApy – Item 
pRoject gRoup Is exploRIng novel  
AppRoAches In the FIght AgAInst cAnceR

At present, one in four deaths is caused by cancer. Most pa-

tients though do not die from their primary tumor, but from 

metastases that have developed – often not until years later – 

from single disseminated cancer cells. It is the focus of the 

Fraunhofer Project Group for Personalized Tumor Therapy, 

founded in 2011, to enable early detection of such single  

cancer cells by means of novel diagnostics and bring them to  

a halt before they form lethal metastases. The team headed by 

Professor Christoph Klein currently consists of eight scientists 

and five technical assistants. 

Currently available cancer therapies are effective only in a sad 

estimate of one in four patients. Concomitant systemic treat-

ment after tumor resection – chemotherapy in most cases –, 

aimed at preventing dissemination of single cells, is far too  

unspecific. Such treatment is normally based on what is known 

about the primary tumor. According to research findings,  

however, primary tumors and disseminated tumor cells clearly 

differ in both genotype and phenotype. The target cells of 

therapies thus cannot be inferred directly from the properties  

of the primary tumor. 

This is where the research of the Regensburg project group 

comes in: Having developed methods for single-cell analysis, 

The team of Professor Christoph Klein 

(eighth from the left) is the Fraunhofer 

Project Group for Personalized Tumor 

Therapy.

Genome and transcriptome 

analyses of single circulating 

tumor cells will help develop 

novel, more effective,  

individualized cancer therapies.



the scientists for the first time are now in a position to com-

prehensively characterize disseminated cancer cells, which  

are extremely rare. And once the properties of these target 

cells are known, they reckon that systemic therapies directed 

specifically at hitting the disseminated cells can be developed 

within less time. 

The expertise of the project group is focused on genome and 

transcriptome analyses of single cells, bioinformatic analyses  

of high-dimensional single-cell data, development of novel  

diagnostic and predictive tests, and development of in-vitro 

and in-vivo models for pre-clinical testing of systemic therapy 

approaches. 

The project group has at its disposal an unrivaled infrastruc-

ture. It closely cooperates with the Chair of Experimental  

Medicine and Therapy Research of the University of Regens-

burg, which is also held by Christoph Klein and possesses an 

accredited laboratory for diagnosing minimal residual disease.  

A constant supply of patient samples is thus guaranteed.  

Furthermore, a unique tissue bank is being set up in coopera-

tion with the university’s Institute of Pathology and the Tumor 

Center Regensburg, offering new possibilities for translational 

research.

contAct

Prof. Dr. Christoph Klein

Phone +49 941 298480-55

christoph.andreas.klein@item.fraunhofer.de

SERVICES

– Genome and transcriptome analyses of single cells

–  Molecular characterization of rare cells (disseminated 

and circulating tumor cells, stem cells)

– Development of companion diagnostics

–  Pre-clinical in-vivo and in-vitro models for adjuvant  

therapy situations

The Fraunhofer Project Group 

with its research laboratories 

and office facilities is based in 

Regensburg’s BioPark, where  

it closely cooperates with  

the neighboring University of 

Regensburg.
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Recognizing technological trends and current market develop-

ments and adjusting accordingly the scope of services offered 

are among the hallmarks of the Fraunhofer ITEM‘s successful 

concept. Preliminary research projects and the resulting scien-

tific findings and innovative technologies are just as beneficial 

to the institute‘s clients as in-depth studies and downstream 

projects. This is why the following work areas and competences 

are being established or further expanded:

Aerosol research

–  Development of an aerosol generator for carbon nanotubes 

for use in inhalation experiments

–  Development and validation of a standardized procedure for 

determination of the risk from inhalation exposure to spray 

products as part of substance registration 

–  Generation of exposure atmospheres with different allergens 

for clinical trials of specific immunotherapy in the Fraunhofer 

Environmental Challenge Chamber 

–  Aerosols in medical device technology: development and 

qualification of innovative inhalation technologies

Airway immunology

–  Immunological and histopathological examination of human 

sample material from the respiratory tract

–  Further development of ex-vivo techniques (precision-cut 

lung slices, PCLS) for investigating the effects of substances 

on the lungs of different animal species and on human  

lungs (for example, to determine the allergenic potential  

of chemicals and pharmaceuticals)

–  Development of pulmonary inflammation models in non- 

human primates (in collaboration with the German Primate 

Center in Göttingen, Germany)

FutuRe AReAs oF WoRk



In-vitro toxicology

–  Development of in-vitro screening tests to investigate the 

potential hazards of nanoparticles

–  In-vitro testing (screening) of airborne aerosols, including  

candidate drugs

Pathology

–  Development of methods for targeted investigation of  

pathological changes and of nanoparticles from histological 

slices by electron microscopy

Pharmaceutical biotechnology

–  Development and validation of robust platform technologies 

for manufacture of biopharmaceutical active ingredients 

based on recombinant antibodies and nucleic acids

Toxicology

–  Development of adequate toxicological and pharmacological 

test systems for use in the registration of biopharmaceuticals 

in compliance with EMA (European Medicines Agency)  

requirements

–  Development of test methods for surface-active substances 

–  Further development of animal models of COPD, asthma, 

and lung infections for drug development

–  Use of nanoparticles for therapeutic purposes, for example 

as delivery vehicles of therapeutic antibodies 

Chemical risk assessment

–  Development of intelligent testing strategies in chemical  

risk assessment

– Setup of toxicological databases 

–  Investigation of structure-activity relationships in toxicology 

(QSAR) 

–  Development of risk assessment strategies for chemical  

categories to support registration of chemicals under the  

European chemicals regulation REACH

Clinical airway research

–  Use of ozone as challenge substance in clinical trials with  

novel medications for COPD treatment (ozone manufacturing 

license, as required by the German Drug Act, has been  

received)

–  Identification of novel biomarkers in exhaled breath for  

diagnosis and treatment monitoring of respiratory diseases

–  Development of novel biomarkers (ncRNA) for chronic  

obstructive airway diseases

–  Imaging techniques (MRI, CT, and PET) for use in clinical  

effects research
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AdvIsoRy BoARd

The advisory boards of the individual Fraunhofer institutes  

act as purely advisory bodies to their institute’s management. 

The members come from academia, industry, and government 

agencies. In 2012, the Board of the Fraunhofer ITEM was  

made up of the following members:

Dr. Eckhard von Keutz

Chairman of the Advisory Board

Senior Vice President, Global Head Early Development,

Bayer Pharma AG

Professor Dr. Dieter Bitter-Suermann

Deputy Chairman of the Advisory Board

President and member of the Presidential Council responsible 

for the Division of Research and Teaching of the Hannover 

Medical School

Professor Dr. Helmut Blome

Director, Institute for Occupational Safety and Health of the 

German Institutions for Statutory Accident Insurance and  

Prevention

Dr. Ulrich Deschl

Head of Nonclinical Drug Safety,

Boehringer Ingelheim Pharma GmbH & Co. KG

Professor Dr. Paul-Georg Germann

Senior Vice President, Nycomed: a Takeda company

Professor Dr. Thomas Jung

Chief Medical Officer, Delenex Therapeutics AG, Switzerland

Dr. Günther Karmann

Managing Director, Karmann Consulting GmbH

Professor Dr. Hillel S. Koren

Managing Director, Environmental Health, LLC; 

former Director Human Studies Division, 

United States Environmental Protection Agency;

Research Professor Carolina Environmental Program, 

The University of Carolina at Chapel Hill, USA

Dr. Edgar Leibold

Vice President Product Stewardship, BASF SE

Professor Dr. Reinhard Pabst

Lower Saxony Senior Research Professor of Immunomorphology,

Hannover Medical School

Professor Dr. Klaus F. Rabe

Head of Pneumology, Medical Director and Medical Executive 

Director, Grosshansdorf Hospital;

Internal Medicine – Pulmonology, Christian Albrechts  

University of Kiel

Professor Dr. Gerhard Schlüter

Consultant in Toxicology, 

former Global Head Toxicology, Bayer Pharma AG

Ministerialrat Dr. Hans Schroeder

Head of Division for Science and Economy, EU Structural Funds, 

Lower Saxony Ministry for Science and Culture

Dr. Thor A. Voigt

Head of Global Clinical Operations, Biometrics &

Data Management,

Boehringer Ingelheim Pharma GmbH & Co. KG



 

 

2012

2011

2010

2009

  24.723.0 1.7

2012

2011

2010

2009

  17.07.9 9.1

* preliminary figures, valid at the time of printing

At the end of 2012, 298 people were employed at the  

Fraunhofer ITEM. The following list gives the numbers of  

employees by occupational groups:

 90 scientists

 72 graduates

 72 technical staff

 6 Ph. D. students

 36 laboratory assistants

 14 other assistants

 8 apprentices

In 2012, the institute’s budget reached a level of 23.0 million 

euros*. Financing by acquired funding amounted to 73.8 per-

cent. The share of industrial income in the institute’s budget 

was 34.3 percent – with regard to the Fraunhofer ITEM in 

Hannover it was 43.3 percent. Investments of the Fraunhofer 

ITEM amounted to approximately 1.7 million euros.

stAFF And InstItute Budget peRFoRmAnce
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FRAunhoFeR Item oRgAnIzAtIonAl chARt

Inhalation Toxicology

Dr. O. Creutzenberg

Dr. B. Bellmann

Regulatory and  

General Toxicology

Dr. R. Fuhst 

Reproductive Toxicology

Dr. J. Buschmann 

Clinical Chemistry and ADME

Dr. T. Hansen 

Pathology

Priv.-Doz. Dr. S. Rittinghausen 

Genetic and 

In Vitro Toxicology

Dr. C. Ziemann, Dr. J. Knebel 

Mechanistic Toxicology 

Dr. R. Halter

Dr. M. Niehof

Animal Laboratory

Dr. T. Tillmann

Clinical Airway Research

Prof. Dr. J. Hohlfeld

Dr. P. Badorrek

Development of Clinical Methods

Dr. O. Holz 

Clinical Pharmacology

Prof. Dr. J. Frölich 

Airway Immunology

Prof. Dr. A. Braun 

Biomarkers and Infection

Dr. M. Müller 

Airway Pharmacology

Dr. H.-G. Hoymann 

Immunopharmacology and  

Immunotoxicology

Dr. K. Sewald

Quality Control

Dr. L. Baydoun

Dr. I. Oltmann-Norden

Cell Culturing Techniques 

Dr. V. Hecht 

Dr. S. Duvar 

Microbial Culturing

Dr. A. Ross

Dr. K. Bohle

Downstream Processing

Dr. J. Paulsen

Dr. C. Lüer

Aseptic Fill and Finish

Dr. H. Ziehr

G. Böckenholt

Toxicology and  

Environmental Hygiene

Prof. Dr. C. Dasenbrock

Airway Research 

Prof. Dr. J. Hohlfeld

Pharmaceutical Biotechnology

Dr. H. Ziehr

InstItute dIRectoRs

Prof. Dr. Dr. U. Heinrich (Executive Director)

Prof. Dr. N. Krug

executIve commIttee 

Institute Directors and Division Directors

Quality Assurance: Dr. I. Fleischhauer

Administration: S. Reichert

Information Technology: Dr. G. Spiekermann

Facility Management: L. Illichmann

Library: C. Jürgens

Marketing/PR: Dr. F. Drenk, Dr. C. Nastevska, K. Neubert



 

Chemical Risk Assessment,  

Databases and Expert Systems

Dr. I. Mangelsdorf

Aerosol Research and  

Analytical Chemistry

Prof. Dr. W. Koch

Chemicals/REACH

Dr. G. Könnecker

Dr. O. Licht

Biocides

Dr. A. Bitsch

Dr. S. Hahn

Veterinary Drugs

Dr. A. Wibbertmann

Dr. K. Krome

WHO International Programme

on Chemical Safety 

Dr. I. Mangelsdorf

Testing Strategies and Structure-

Activity Relationships

Dr. S. Escher, Dr. M. Batke

Databases and  

Information Systems

Dr. R. Kellner

Nanoparticles

Dr. I. Mangelsdorf, Dr. K. Schröder

Aerosol Technology

Prof. Dr. W. Koch 

Inhalation Technology

Dr. G. Pohlmann 

Bio- and Environmental Analytics

Dr. S. Schuchardt 

Dr. E. Berger-Preiß 

Structure Analytics

Dr. S. Schuchardt 

Fraunhofer Project Group for 

Personalized Tumor Therapy

(Regensburg) 

Prof. Dr. C. Klein

This organizational chart gives 

you the contact persons for 

the institute’s divisions, depart-

ments, and competences at a 

glance. The Division of Pharma-

ceutical Biotechnology is based 

in Braunschweig, but is also 

responsible for the Fraunhofer 

ITEM’s GMP fill-and-finish  

facility in Hannover. The 

Fraunhofer Project Group for 

Personalized Tumor Therapy is 

based in Regensburg’s BioPark 

and was set up as a joint  

initiative of the Fraunhofer 

ITEM, the Fraunhofer-Gesell-

schaft, and the University of 

Regensburg. The institute is 

currently operating in four 

business units, which will  

be presented together with  

selected projects in the second 

part of this Annual Report.



P r o f i l e  o f  t h e  i n s t i t u t e

20 I  21

neWs In 2012

Team spirit at the Fraunhofer ITEM 

Running team   During this year’s corporate challenge B2Run in Hannover, about 20 Fraunhofer 

ITEM employees demonstrated that “the Fraunhofers” are energetic and perseverant not only 

in their research. On an approximately six-kilometer course, the whole team circled the lake 

“Maschsee” and successfully reached the finish line. In addition to receiving certificates and 

having a lot of fun in the joint activity outside of work, they also served a good cause with this 

run: The proceeds were donated to the Hannover-based foundation “Eine Chance für Kinder”, 

which is dedicated to preventing child abuse and child neglect. 

Quiz team   What is rutilism? Which elementary particle name was drawn from a novel by  

James Joyce? What identifies scientific staff in classical Star Trek episodes? These are only three  

of over 30 tricky and partly quite weird questions a team of eight Fraunhofer  

ITEM staff members had to answer during a public table quiz that was 

part of the series of science-related public events “November der Wissen-

schaft” (November of science) in Hannover. There was keen rivalry,  

as teams from almost all Hannover-based research institutions were com-

peting in this quiz. In a total of four rounds, the ITEM team bravely fought 

its way into the upper third. 

Demo team   On November 24, the Fraunhofer ITEM opened its doors to the public. Over 200 

visitors were attracted by a large variety of lectures and demonstrations, and most people were 

quite astonished by the wide range of subject matters the institute is engaged in. Kids were 

offered a hands-on “mini-training”. Putting on real-life lab coats, they were allowed to join  

scientists in their labs and were enthusiastic to learn what can be made of old garbage bags 

and juice containers with only a few tricks, and what chemists do at work. At the end of the 

day, everyone agreed that this is definitely worth repeating. 



Reception: Fraunhofer Day in Regensburg’s BioPark

The Fraunhofer-Gesellschaft and Regensburg’s BioPark invited the public to a “Fraunhofer Day” 

in Regensburg. Two new working groups from different Fraunhofer institutions took up their 

work in the BioPark and presented their focuses on June 14. The Munich-based Fraunhofer EMFT 

is exploring the sensor materials of the future, while the team around Pro fessor Christoph Klein 

is undertaking research in the field of “Personalized Tumor Therapy” as a Fraunhofer ITEM 

project group. Their findings may provide novel approaches for cancer diagnosis and therapy  

to the pharmaceutical industry.

Confirmation: Diesel engine exhaust classified as carcinogenic 

“Diesel engine exhaust causes lung cancer in humans,” was recently ascertained by the IARC, 

the WHO expert commission responsible for the classification of carcinogens. Based on new  

epidemiological data, the classification of diesel engine exhaust has now been upgraded from 

“probably carcinogenic” to “carcinogenic”. “This classification, however, is based on studies 

performed with exhaust from diesel engines as they were state of the art 10 to 30 years ago. 

With current diesel technology and its integrated soot filters, such evidence could no longer be 

provided,” explains Professor Uwe Heinrich, Fraunhofer ITEM Executive Director and member of 

the above mentioned WHO expert commission.

 

Award: Abstract Excellence Award

During this year’s international conference of the American Thoracic Society in San Francisco, 

Vanessa Neuhaus, scientist of the Fraunhofer ITEM Department of Airway Immunology, was 

awarded a prize: She received the “Respiratory Structure & Function Assembly Abstract Excellence 

Award” for her abstract about the development of a nano-vaccine and its immunological  

characterization.
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Project reports

Interactions of nerves and immune cells in the lung

Effect of tiotropium on broncho constriction in vivo and 

ex vivo 

Non-human primates as a transla tional model of human 

inflammatory pulmonary diseases

Molecular diagnosis of single disseminated cancer cells: 

from experimental use to clinical routine

Preliminary research

Expression of cytochrome P450 monooxygenases in  

human lung epithelial cell lines

Fast process development for plasmid DNA production 

with a model-based approach

Project overview 
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With the competences pooled in this business unit,  we support our cl ients in al l 

phases of the drug development process: from lead discovery and optimization 

via pre-cl inical selection and test ing of candidate drugs to cl inical tr ials (see 

business unit Cl inical Airway Research, page 42). Furthermore, this business unit 

includes the biotechnological manufacture of biopharmaceuticals.

A broad range of in-vitro test methods can be used both as screening systems in 

early phases of drug development and for target val idation and eff icacy test ing. 

The selection of cel lular test systems for individual studies is based on a variety 

of criteria, including relevance of the species, the organ, and the active ingredient, 

selection of the endpoints to be analyzed, and other requirements. In the con-

text of pre-cl inical candidate selection, standard genotoxicity tests and in-vitro 

ADME studies (e.g.  CYP prof i l ing,  CYP inhibit ion,  and CYP induct ion)  are  

performed according to internat ional  regulatory guidel ines (OECD, EMA, FDA).  

A broad spectrum of molecular biological and biochemical methods is avai lable 

to detect unwanted side effects of pharmacological agents already at an early 

stage of drug development and to f ind mechanist ic explanations for these.

Safety test ing of biopharmaceuticals,  such as human recombinant antibodies, 

requires special  test systems to al low for unwanted immunological effects to be 

detected and ruled out with the greatest certainty possible prior to f irst tr ials in 

man. To this end, experimental approaches which reflect possible immunological 

responses of the human organism as accurately as possible are developed at the 

Fraunhofer ITEM. The use of viable lung sl ices, for example, enables species 

comparisons via monkeys even up to humans. 



For pharmaceutical test ing and other research issues in-vivo studies continue 

to be mandatory and required by legis lat ion. The Fraunhofer ITEM offers the 

fol lowing investigations:

– Toxicity studies in rodents and non-rodents

– Toxicity studies in juveni le animals ( juveni le toxicology)

– Toxico- and pharmacokinetics studies

– Investigations to detect subchronic and chronic toxic effects

– Identif ication of carcinogenic, teratogenic, or mutagenic effects

– Safety-pharmacological studies

–  Use of imaging techniques, such as micro-computed tomography and optical 

imaging, to demonstrate target binding and the treatment success of novel 

pharmaceuticals

–  Transgenic mouse models (adenocarcinomata of the lung and l iver) and  

murine infection models for target val idation and eff icacy studies

–  Investigations in asthma, al lergy, inf lammation, and infection models

–  Studies on the measurement of lung function parameters in rodents ( invasive 

and non-invasive)

Both in-vitro and in-vivo studies are conducted in compliance with the appl i-

cable GLP guidel ines. In addit ion to experimental studies, the Fraunhofer ITEM 

offers its cl ients assistance in meeting the requirements of the pharmaceutical 

registrat ion process, including the necessary documentation.

In the area of biotechnology, the Fraunhofer ITEM develops and val idates 

manufacturing processes for active biopharmaceutical ingredients. These can 

be manufactured for pre-cl inical and cl inical tr ials according to GMP qual ity 

standards, whenever required. The range of active ingredients that can be 

produced includes proteins, glycoproteins, antibodies, nucleic acids, virus- l ike 

part ic les, and bacteriophages. There is already a great demand for GMP-grade 

therapeutic antibodies, and a s imilar s ituation is foreseeable for nucleic acids. 

Robust platform technologies that enable GMP manufacture of these com-

pounds are being developed at the Fraunhofer ITEM.

contActs

Dr. med. vet. Rainer Fuhst

Phone +49 511 5350-454

rainer.fuhst@item.fraunhofer.de

Dr. Monika Niehof

Phone +49 511 5350-570

monika.niehof@item.fraunhofer.de

Dr. Holger Ziehr

Phone +49 531 6181-6000

holger.ziehr@item.fraunhofer.de
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SUMMARy

Fraunhofer ITEM immunologists are exploring the interaction 

between nerves and immune cells. They have studied the in-

fluence of neuropeptides on airway dendritic cells in particu-

lar. What they discovered is that neuropeptides have an im-

pact both on the motility and phagocytotic capacity of these 

cells and thereby influence the regulation of airway immune 

mechanisms. Consequently, it could be that they contribute 

to the pathophysiology of bronchial asthma.

The airway mucosal epithelium is permanently exposed to air-

borne particles. The airways are also permanently exposed to 

environmental stimuli such as temperature and humidity shifts, 

airborne pathogens, pollen and smoke particles, or ozone. To 

enable homeostasis of lung physiology several mechanisms  

exist to compensate this blast of influences. A network of im-

mune cells patrols at this interface to the environment. Down 

the cascade of defense mechanisms, a multitude of immune 

cells patrols below the epithelial layer to intercept foreign par-

ticles and antigens. Mostly macrophages and dendritic cells 

(DC) capture, process, and present incoming antigens and ini-

tiate appropriate immune responses. Nerves co-localizing with 

DC below the epithelial layer respond to chemical, mechanical, 

and inflammatory stimuli and in turn interact with the surround-

ing cells via neurotransmitters and neuropeptides (Fig. 1). DC 

and other immune cells can receive these neurogenic signals 

by expressing neuropeptide receptors.

Dysfunction in the interplay between nerves and  

immune cells in asthma

Neuropeptides that do not belong to the classical transmitters 

of the parasympathetic or sympathetic nervous systems are 

classified under the term non-adrenergic non-cholinergic pep-

tides (NANC). Examples of such mediators are calcitonin gene-

related peptide (CGRP), substance P (SP), and vasoactive intes-

Project report

InteRActIons oF neRves And  
Immune cells In the lung



 

 tinal peptide (VIP). These neuropeptides in general act on 

bronchus and capillary muscle tone, secretion, and immune 

cells. Activation of sensory neurons upon a stimulus via axon 

reflex mechanisms leads to release of SP and CGRP in the  

airways. 

In respiratory diseases like asthma, there is a dysfunction in the 

interplay between nerves and immune cells. These alterations 

are encompassed under the term “neurogenic inflammation”. 

They include, for example, elevated SP concentrations in broncho-

alveolar lavage fluid (BALF) of asthma patients that further  

increase with allergen challenge. Moreover, three to four times 

higher CGRP and SP expression could be observed 24 hours 

after allergen challenge in guinea pig airway tissue.

Neuropeptides can influence dendritic cells

Fraunhofer ITEM scientists have investigated the interaction 

between nerves and immune cells in mouse airways. They ad-

dressed the question whether neuropeptides can influence the 

behavior of a defined immune cell population in the airways. 

Based on various specific markers in addition to their anatomical 

localization and morphology, the scientists identified CD11c+ cells 

as airway mucosal DC (Fig. 2). In living tissue, they revealed the 

dynamics of this DC population under the influence of neuro-

peptides. As readout parameters, the motility and phagocytotic 

capacity of airway mucosal DC after different neuropeptide 

stimuli were determined. The data thus obtained show that 

neuropeptides can modulate these key features of DC. By  

linking these findings with two different OVA-induced asthma 

models in mice, the scientists were able to demonstrate that 

neuropeptides are involved in adjusting DC behavior during  

allergic airway inflammation.

Fig. 1: The dense network of nerves in a mouse  
airway has been stained blue with a pan-neuronal  
marker. Neuropeptide-containing fibers are  
displayed in yellow.

Fig. 2: Longitudinal slice of the lung of a CD11c- 
EyFP-transgenic mouse with airways cut in  
longitudinal direction. CD11c-positive dendritic  
cells are yellow fluorescent here (right image).

CD11c-EYFP
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Altered motility of dendritic cells demonstrated in  

living lung slices

Using two-photon microscopic time-lapse analysis of living 

lung slices from CD11c-EYFP-transgenic mice, the scientists 

studied the influence of neuropeptides on airway DC motility. 

Additionally, the phagocytotic capacity of CD11c+ cells after 

neuropeptide stimulation was determined. Electrical field stim-

ulation (EFS) leads to an unspecific release of neuropeptides 

from nerves. After EFS and treatment with the neuropeptides 

VIP or CGRP, airway DC in living lung slices showed altered 

motility. Furthermore, the EFS-mediated effect could partially 

be blocked by pre-treatment with the receptor antagonist 

CGRP8-37. Additionally, the phagocytotic capacity of bone 

marrow-derived and whole-lung CD11c+ cells could be inhibited 

by the neuropeptides CGRP, VIP, and substance P. These data 

were then cross-linked with the in-vivo situation by analyzing 

DC motility in two different OVA asthma models. Both in the 

acute and prolonged OVA asthma models, neuropeptide levels 

and DC motility in the airways were found to be altered.

Neuropeptides might contribute to the  

pathophysiology of asthma

In summary, the data obtained in this study suggest that neuro-

peptides modulate the key features motility and phagocytosis 

of mouse airway DC. Altered neuropeptide levels in the airways 

during allergic inflammation thus have an impact on regulation 

of airway immune mechanisms and therefore might contribute 

to the pathophysiology of bronchial asthma.

Reference

Voedisch, S.; Rochlitzer, S.; Veres, T. Z.; Spies, E.; Braun, A. 

(2012) 

Neuropeptides control the dynamic behavior of airway  

mucosal dendritic cells. PLoS One, 7 (9): e45951.  

doi: 10.1371/journal.pone.0045951
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Inhaled anticholinergic drugs are effective in the treatment of 

chronic obstructive pulmonary disease (COPD) and bronchial 

asthma. Tiotropium is an anticholinergic agent which selectively 

acts on the M1- and M3-subtypes of muscarinic receptors. In 

the present study, Fraunhofer ITEM scientists investigated the 

effect of tiotropium on acetylcholine-induced bronchoconstric-

tion in rats: either in vivo by invasive lung function measure-

ment or ex vivo in precision-cut lung slices (PCLS; Fig. 1) by 

videomicroscopy. PCLS are a model that closely mimics mor-

phology and functionality of the respiratory tract and allows 

investigation of airway narrowing under nearly identical experi-

mental conditions with only a small number of animals required.

The technique of preparation of lung tissue sections has been 

well described in many publications. In the present study, rat 

lungs were extracted directly post mortem and filled with a 

medium/agarose mixture, cooled on ice, and cut into 250-µm-

thick slices. After several very intensive washing steps, these 

precision-cut slices were taken into culture and maintained  

under normal cell culture conditions for several days. Broncho-

constriction was induced by acetylcholine and imaged by video-

microscopy. The effect of tiotropium on bronchoconstriction 

was investigated in the PCLS. Acetylcholine induced strong 

bronchoconstriction of airway smooth muscles in rat PCLS  

(Fig. 2). The effective concentration of acetylcholine in the 

PCLS was about 9.0 µM. Pre-incubation of lung tissue with 

tiotropium inhibited acetylcholine-induced bronchoconstriction 

completely.
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eFFect oF tIotRopIum on BRoncho-
constRIctIon In vIvo And ex vIvo 

SUMMARy

The anticholinergic drug tiotropium can inhibit acetylcholine-

induced bronchoconstriction in rats. Fraunhofer ITEM scien-

tists were able to show the bronchodilating effect of tiotro-

pium both in an ex-vivo model of vital lung slices and in an 

in-vivo model. They thereby demonstrated that precision-cut 

lung slices (PCLS) are a promising model to study airway  

narrowing and corresponding therapeutic interventions.

Precision-cut lung slices (PCLS), 

viewed with a confocal laser 

scanning microscope: Live cells 

are displayed in yellow, dead 

cells in red.
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For the in-vivo measurements, rats were anesthetized and 

orotracheally intubated. Lung resistance and dynamic com-

pliance were measured before, during, and after inhalation 

challenge with acetylcholine in control animals versus animals 

pre-treated with 1 µg per kilogram body weight tiotropium  

45 minutes before provocation. Inhaled acetylcholine induced 

strong bronchoconstriction in the rats. This was characterized 

by a marked increase in lung resistance and a strong decrease 

in dynamic compliance in untreated rats. Maximum lung resis-

tance was up to 279 percent above baseline, minimum dynamic 

compliance was down to -81 percent. A single dose of inhaled 

tiotropium inhibited the acetylcholine-induced bronchoconstric-

tion in terms of maximum increase in lung resistance nearly 

completely (97 percent), whereas the decrease in dynamic 

compliance was inhibited after all by 51 percent.

In the study presented here, Fraunhofer ITEM scientists showed 

that tiotropium has a strong protective, antibronchospastic  

effect in in-vivo and ex-vivo models of bronchoconstriction 

and that tiotropium is useful in the treatment of COPD and 

asthma. Furthermore, they demonstrated that PCLS are a 

promising model to study airway narrowing and correspond-

ing therapeutic interventions.

contActs
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Acetylcholine was applied to the tissue at molar concentrations  
as indicated in the upper left corner of the images, inducing 
strong bronchoconstriction of the airways in rat PCLS.

Fig. 2: Transmitted light images of acetylcholine- 
induced bronchoconstriction in rat PCLS. 

Control
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Biopharmaceuticals developed specifically for human target 

structures also require pre-clinical and clinical testing. Human-

specific target structures, however, may not be present in  

the classical rodent models, which could lead to less predict-

able test results. Due to the close homology of non-human  

primates and humans, pre-clinical disease models in non- 

human primates are often the only possibility to test such 

novel biopharmaceuticals. In cooperation with the German 

Primate Center, Fraunhofer scientists have developed a  

common marmoset model – a translational model – that  

enables pre-clinical testing of human-specific biopharmaceu-

ticals for treatment of inflammatory airway diseases such as 

COPD and asthma.

An increasing share of cases of chronic obstructive pulmonary 

disease (COPD) are resistant to therapy. New therapeutic  

options are therefore needed. Numerous new developments 

are human-specific biopharmaceuticals whose efficacy and 

safety cannot be sufficiently tested in the classical rodent model. 

Thus, pre-clinical disease models in non-human primates are 

often the only possibility to test such novel biopharmaceuticals. 

Non-human primates display greater homology to humans 

with regard to anatomy and immunology.

In cooperation with the German Primate Center in Göttingen, 

the Fraunhofer ITEM Department of Airway Immunology has 

set up a working group for the development of novel trans-

lational animal models in common marmoset monkeys (Callitrix 

jacchus; Fig. 1). The aim is to offer translational non-human 

primate models for pre-clinical testing of human-specific bio-

pharmaceuticals for COPD and asthma treatment. For the  

developed animal models a tiered approach is used to keep 

animal numbers to a minimum. In-vitro and ex-vivo experi-

ments must first be successfully completed, before in-vivo  

experiments are designed and performed based on the ob-

tained data.
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non-humAn pRImAtes As A tRAnslA-
tIonAl model oF humAn InFlAmmAtoRy 
pulmonARy dIseAses

1 Common marmoset monkeys 

are the preferred non-human 

primate species of the new 

Fraunhofer working group at 

the German Primate Center. 

With an average body weight of 

400 grams their size corresponds 

to that of a rat.
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Sham-, dexamethasone- (dxm), and roflumilast-pretreated (rof) common marmoset monkeys were challenged with 500 ng LPS instilled into 
the lungs. Ipsilateral bronchoalveolar lavage was performed after 18 hours. The figure shows neutrophil percentages in relation to total cell 
count in the lavage fluid (*p < 0.05, ***p < 0.001, one-tailed Mann-Whitney test in relation to sham-exposed animals).

Model of LPS-induced acute inflammation of the lung

Similar to segmental LPS challenge in humans, a model of LPS-

induced acute lung inflammation has been established in the 

common marmoset. LPS-induced inflammation reflects pro- 

inflammatory aspects of human neutrophil-associated chronic 

airway diseases. Animals were treated orally with roflumilast, 

an approved PDE-4 inhibitor, or dexamethasone as treatment 

control, on five consecutive days. Sham-treated animals served 

as controls. After LPS instillation into the lungs, there was a  

significant influx of cells, mainly neutrophils, into the airways 

(p < 0.001). Roflumilast treatment significantly reduced the 

neutrophil count in bronchoalveolar lavage fluid (p = 0.047; 

Fig. 2). The cytokine TNF-a was significantly reduced after LPS 

instillation in the animals that had been pretreated with roflu-

milast (p = 0.048) or dexamethasone (p = 0.036). The results 

show that the common marmoset can be used as a reliable 

model of human airway inflammation (Seehase et al., 2012).

Fig. 2: Changes in neutrophil count in bronchoalveolar lavage after intratracheal instillation of LPS. 
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Model of allergic asthma

The scientists are currently developing a novel animal model 

for pre-clinical testing of biopharmaceuticals for asthma treat-

ment. In a first step, common marmosets were sensitized 

against house dust mite allergen (HDM), followed by HDM  

aerosol challenge. Cells and cytokines were analyzed in bron-

choalveolar lavage fluid. In addition, lung function measure-

ments were performed using the first lung function measure-

ment station for marmoset monkeys worldwide, developed  

at the Fraunhofer ITEM. The increase in lung resistance upon 

methacholine challenge was significantly higher in the HDM-

sensitized animals compared with untreated animals and was 

also increased compared with non-sensitized animals that  

had merely been challenged with HDM extract. First results 

show that it is possible to induce an asthmatic phenotype with  

eosinophilia and hyperreactivity in the common marmoset.
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Scientists of the Fraunhofer Project Group in Regensburg have 

developed a kit that enables reliable and largely uniform  

amplification (that is, replication) of the complete genetic  

information of a single cell. This routine test serves the purpose 

of investigating single disseminated cancer cells or also tumor 

cells circulating in the bloodstream on the molecular genetic 

level – an essential prerequisite for a tumor therapy that is 

tailored to the individual patient and takes into account that 

metastatic tumor cells are genetically different from the primary 

tumor.

Most tumor patients do not die from their primary tumor, but 

from metastases. If physicians detect disseminated cancer cells 

(DCC) in bone marrow and lymph nodes or circulating tumor 

cells (CTC) in the bloodstream, this often means a lower chance 

of survival for the patient. DCC are commonly looked upon  

as metastatic precursor cells. Detection of DCC is meanwhile 

even used by physicians to classify the severity of a breast can-

cer case. CTC are often detected in patients with metastases. 

Because they are easy to obtain by simple collection of venous 

blood specimens, CTC detection is often given preference over 

DCC detection in clinical practice. In addition, an FDA-approved 

detection and capturing system is available for CTC: the Cell-

SearchTM system by Veridex. In the future, this CTC test is planned 

to enable also monitoring of the therapeutic response via easily 

available blood specimens instead of invasive biopsies.

Physicians are counting on personalized tumor therapy

For more effective treatment of tumors and their metastases, 

physicians are counting more and more on personalized tumor 

therapy – a therapy tailored to the patient and thus to her or 

his particular tumor cells. The molecular characteristics of these 

cancer cells, therefore, have to be known. In the future, molecular 

analysis especially of DCC and CTC could thus play an important 

role in cancer diagnosis, the more so as many tumor patients 
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die from metastases and not from their primary tumor, which 

can be genetically different. This means that in clinical practice 

not only detection of DCC and CTC, but also reliable and  

routine molecular analysis of single such cells must be feasible. 

This is exactly what the Fraunhofer Project Group is aiming  

at in its cooperation with the company Silicon Biosystems.

Kit for analyzing a single cell has been developed

Scientists of the Project Group for Personalized Tumor Therapy 

have developed a kit that enables reliable and largely uniform 

amplification (that is, replication) of the complete genetic  

information of a single cell. Under the name “Ampli1TM WGA” 

this kit has been commercially available from Silicon Bio systems 

since 2011 and can be used for both fresh and fixed cells. 

The ITEM scientists in Regensburg have furthermore developed 

a PCR assay that is based on amplification of three specific re-

gions in the genome and makes it possible to predict whether 

or not chromosomal changes (resolution 10-20 Mb) in single 

cells can be determined with a specificity of 94 percent and a 

sensitivity of 97 percent. They are currently working on specific 

molecular tests that will enable simple and reliable determina-

tion of therapeutically relevant mutations and DNA amplifica-

tion of single genes in single cells, for example, of HER2 and 

PI3K. The aim is to bring these to market as diagnostic tests too. 

To enable short-term integration into numerous clinical studies, 

the researchers have also developed a semi-automated workflow 

for the analysis of circulating tumor cells. It consists in detec-

tion of CTC with the CellSearchTM system, their isolation 

with the DEPArrayTM by Silicon Biosystems, and subsequent 

amplification of single-cell DNA using the Ampli1TM WGA kit. 

This combination of the three technologies is now planned to 

be tested in clinical trials.
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Preliminary research

expRessIon oF cytochRome p450  
monooxygenAses In humAn lung  
epIthelIAl cell lInes

The pulmonary epithelium is the body’s first barrier to airborne 

xenobiotics and inhaled drugs. Cytochrome P450 monooxy-

genases (CYP) participate in metabolic inactivation of such xe-

nobiotics and drugs. Beyond this, some compounds require 

enzymatic activation to exert their toxic effects or their desir-

able functions. Such enzymes can also be found in the lung. 

Fraunhofer ITEM scientists have investigated whether lung cell 

lines that are commonly used by researchers as cell culture 

models of airway epithelium express CYP isoforms and wheth-

er this expression can be induced. The type II-like lung epitheli-

al cell line A549 and the bronchial epithelial cell line Calu-3 

are very commonly used in this context. So far, there is little  

information about their metabolic properties, especially for 

Calu-3 cells. The aim of this study was to further characterize 

both these cell lines regarding their basal and inducible expres-

sion of CYP isoforms.

CYP expression was determined using real-time reverse tran-

scription quantitative polymerase chain reaction (RT-qPCR).  

Basal expression of CYP1B1, CYP1A1, CYP2D6, CYP2B6/7, 

CYP3A5, and CYP2J2, and small amounts of further CYP iso-

forms were detected in both cell lines, which is consistent with 

expression in the human lung.

SUMMARy

So far, little is known about the metabolic properties of the 

bronchial epithelial cell line Calu-3. Investigations undertaken 

by Fraunhofer ITEM scientists have demonstrated that a  

broad range of cytochrome P450 monooxygenases are basally 

expressed in this cell line and that different isoforms of these 

monooxygenases can also be induced.

Light microscopic images of  

untreated A549 cells (left) and 

Calu-3 cells (right) after 48 hours 

of culture (10x magnification).



Furthermore, potential CYP inducers were analyzed. Omepra-

zole acts on aryl hydrocarbon receptor (AhR) activation and  

induced CYP1A1 and CYP1B1 in both cell lines. Rifampicin acts 

on pregnane x receptor (PXR) and phenobarbital predominantly 

on constitutive androstane receptor (CAR), however, both these 

receptors are not expressed in the lung. Accordingly, both agents 

did not induce any CYP in these cells. Besides PXR, dexametha-

sone also acts on glucocorticoid receptors, and induction of 

members of the CYP3A family was found, mainly of CYP3A7 

in Calu-3 cells and of CYP3A5 and CYP3A7 in A549 cells.  

CITCO is known to act as a CAR agonist and is normally used 

to induce CYP2B6/7. However, it is also a potent inducer of 

CYP1B1 in Calu-3 cells and of CYP1A1 and CYP1B1 in A549 

cells.

The results have shown that Calu-3 cells and A549 cells express 

a broad range of CYP and that CYP inducibility is preserved. 

These cell lines thus provide valuable models of the airway  

epithelial barrier for metabolic in-vitro experiments.
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Preliminary research

FAst pRocess development FoR  
plAsmId dnA pRoductIon WIth A  
model-BAsed AppRoAch

Plasmid DNA is gaining increasing importance in the form of 

vaccines, immune or gene therapeutic agents. With this kind 

of biopharmaceutical the active protein is produced in vivo  

directly at the site of action. Already today, numerous clinical 

trials with human therapeutic agents are being conducted  

and four veterinary medications have already been approved 

for commercial use. Appropriate manufacturing processes  

now have to be developed to enable manufacture of sufficient 

quantities of plasmid DNA for clinical trials – and, above all, in 

the required quality.

Scientists of the Fraunhofer ITEM Department of Pharmaceu-

tical Biotechnology are currently developing a platform tech-

nology for plasmid DNA production in pharmaceutical quality 

based on largely generic methods. The development is being 

realized for the example of an expression system aimed at  

enabling vaccination against human papilloma virus (HPV).  

Although such a manufacturing platform can be composed 

largely of known constituents, the researchers have had to 

face a number of scientific challenges. For example, the rela-

tionship between growth rate and plasmid content of the  

E. coli cells used, which in the literature has been described 

only qualitatively, could be explained via a model and described 

quantitatively. This was a precondition for the development  

of a rationally founded culturing strategy which in addition  

SUMMARy

In the future, plasmid DNA will be used increasingly in the 

form of biopharmaceuticals – as can be seen from the  

numerous clinical trials that are currently being conducted 

with therapeutic agents of this kind. Their special feature is 

the fact that the active protein is produced directly by cells  

at the site of action. To enable manufacture of sufficient 

quantities of plasmid DNA for clinical trials – and, above all,  

in the required quality – scientists of the Fraunhofer ITEM  

Department of Pharmaceutical Biotechnology have developed 

a platform technology that allows the time required to develop  

a manufacturing process for plasmid DNA to be substantially 

reduced.



allows the necessary cultivation parameters for new plasmid 

DNA products to be determined within a short time and with 

only a few targeted experiments. This exactly is an essential 

goal of platform development: a substantial reduction of  

development times.

With regard to process design and control in the manufacture 

of biopharmaceuticals, the regulatory authorities increasingly 

demand a thorough understanding of the underlying cellular 

processes and key parameters of the manufacturing process. 

The use of well-studied and well-understood generic production 

methods is a key to meeting this requirement.

With the described model-based approach for plasmid DNA 

production, clients can benefit not only from fast process  

development. In addition, current and future regulatory  

requirements are being met as part of our service.
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Drug testing

Efficacy of biopharmaceutical 

drugs in primates

Drug testing in mouse and 

rat asthma models including 

lung function measurements

Drug testing in infection 

models 

Drug testing in mouse,  

rat, and non-human primate 

models of LPS-induced  

inflammation

Testing of plant-based drugs 

in models of inflammation

In-vitro testing of plant-based 

drugs

Development of a cell culture 

model to test drugs for COPD 

treatment 

Safety pharmacology of  

the lung

Testing of bronchodilator 

drugs for COPD treatment

Determination of concentra-

tions of pharmaceuticals in 

formulations and exposure 

atmospheres 

Business unit 1

pRoject oveRvIeW

Bioanalytics

Determination of concen-

trations of special pharma-

ceuticals in blood, urine,  

and organ samples

Structure elucidation of  

trace-level and degradation-

related impurities in pharma-

ceuticals by LC-NMR and  

LC-MS analyses

Immunology

Immunotoxicological  

evaluation of metals

In-vivo and ex-vivo imaging 

of the immune response  

by 2-photon microscopy

Detection of infectious  

agents in blood samples and 

on medical equipment



Pharmaceutical  

biotechnology

Development of a platform 

for GMP-grade manufacture 

of recombinant antibodies 

based on microbial cultures 

and mammalian cell cultures

Development of a platform 

for GMP-grade manufacture 

of nucleic acids/DNA-based 

agents

GMP-compliant manufacture 

of investigational provocation 

substances for use in clinical 

trials in the Department of 

Clinical Airway Research

GMP manufacture of a CHO 

working cell bank

Development of a down-

stream processing method for 

a recombinant E. coli protein

Consulting and equipment 

qualification at Braunschweig  

Clinical Center 

Tumor therapy

Workflow for detection,  

isolation, and molecular  

analysis of single circulating 

tumor cells

Detection of HER2 amplifica-

tions and PI3K mutations in 

single circulating tumor cells 

from breast cancer patients

Development of a quality 

control process for Ampli1TM

Methods for detection of  

somatic mutations in single 

cells

Micro drug delivery system 

for tumor therapy (TUDOS)
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Project reports

Fraunhofer researchers participating in German Center 

for Lung Research

Low-dose inhalation challenge with endotoxin – a model 

for proof-of-concept studies

Preliminary research

Prognostic value of markers from serum and lung in 

smokers with and without COPD

Manufacturing license for ozone as a challenge  

substance

Project overview 
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Cl in ica l  studies to test  the eff icacy of new pharma-

ceuticals,  to develop novel biomarkers, and to assess 

the potent ia l  hazards of pol lutants in the a i r  are 

conducted in the business unit  Cl in ica l  Airway  

Research.  In this  f ie ld,  the Fraunhofer ITEM closely 

cooperates with the Hannover Medical  School  as 

wel l  as with industry and different research inst i tu-

t ions.

Cl in ica l  studies are a major focus of work in this 

bus iness unit .  According to the guidel ines of Good 

Clinical Practice (GCP), c l inical tr ials with volunteers 

and pat ients to evaluate the eff icacy and safety of 

new ant i -obstruct ive and ant i -a l lergic drugs are 

carr ied out, with the main emphasis being placed on 

the des ign and conduct of ear ly-phase c l in ica l  t r ia ls 

(phases I  and I I ) .  The eff icacy of new ant i -a l lergic 

drugs in pat ients with hay fever can be tested in 

the Fraunhofer Environmental  Chal lenge Chamber 

(Fraunhofer ECC), a grass pol len exposure room that 

provides controlled allergen challenge conditions and 

is  operated in cooperat ion with the Department of 

Aerosol Technology. To test the efficacy of a specific 

immunotherapy,  test  subjects  are a lso exposed to 

house dust mite a l lergens in the Fraunhofer ECC. 

Due to the universal  patented aerosol  generat ion 



technology,  i t  wi l l  a lso be poss ib le in the future  

to conduct tests  with other a l lergens,  such as cat  

dander or birch pol len.  Another focus of the c l in ica l 

research act iv i t ies  i s  on bronchoscopic examinat ions 

after inhalation or insti l lation of allergens, endotoxin, 

or  pharmaceut ica ls .  Only few inst i tut ions worldwide 

have at  their  d isposal  comparable expert ise and 

technical  fac i l i t ies .

Under a special  research program (SFB 587: “Immune 

React ions of the Lung in Infect ion and Al lergy”) 

sponsored by the German Research Foundation (DFG) 

and within the German Center for Lung Research, 

c l in ica l  research projects  are conducted in this  bus i -

ness unit  to invest igate the pathomechanisms of 

the a l lergic inf lammation in the lung and to develop 

novel  b iomarkers.

Cutt ing-edge technology and high profess ional  ex-

pert ise are the outstanding features of this  bus iness 

unit .  I ts  current core competencies inc lude research 

methods of respiratory medic ine and al lergology, 

cl inical drug tr ials for the indications al lergy, asthma, 

and COPD, biomarker research and analys is  as wel l 

as aerosol  process technology and aerosol  analyt ics .
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Respiratory diseases are among the most common causes  

of death worldwide. In order to accelerate development of 

more effective therapies for chronic diseases in particular,  

the German Center for Lung Research – a cross-disciplinary 

research association of leading university and non-university 

institutions – was set up in 2011, funded by the German  

Federal Ministry of Education and Research. The Fraunhofer 

ITEM is also participating: Scientists here are searching for  

biomarkers to improve the diagnosis of inflammatory diseases 

such as asthma and COPD and to enable better prediction of 

the course of a disease and of its response to therapy.

Among the top ten causes of death worldwide, the World 

Health Organization WHO has listed four respiratory diseases. 

Today, every fifth death is due to an airway disorder or a related 

secondary disease. Experts have predicted a further substantial 

increase in prevalences until 2030. The majority of severe lung 

conditions are still incurable, medications can only help relieve 

symptoms, and the economic costs resulting from these diseases 

are high.

This is why the German Federal Ministry of Education and Re-

search has initiated the establishment of a German Center  

for Lung Research (DZL), similar to the National Institutes of 

Health in the United States. The aim is to accelerate the develop-

ment of new options for diagnosis, treatment, and prevention 

of respiratory diseases. The research activities are focused on 

the disease areas asthma and allergy, chronic obstructive pul-

monary disease (COPD), cystic fibrosis, acute lung injury and 

pneumonia, interstitial lung diseases, pulmonary hypertension, 

end-stage lung diseases, and lung cancer.

The DZL is intended to become a permanent institution, funded 

by the German Federal Government and the Länder. It was 

founded in November 2011. Members of the DZL are selected 

university hospitals, clinics, and non-university research institu-

tions performing cutting-edge lung research of international 

reputation. The DZL members are based at five different loca-

tions, one being Hannover with the research network BREATH 

(Biomedical Research in Endstage and Obstructive Lung Disease). 

More than 20 physicians and scientists of the Hannover Medical 
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School (MHH), the Fraunhofer ITEM, and the Center for Health 

Economics Research Hannover of the Leibniz University have 

joined forces and are working on BREATH projects together 

with over 80 staff members.

Fraunhofer ITEM scientists are working on projects addressing 

asthma and COPD. The institute’s Division of Clinical Airway 

Research has placed its focus on the search for novel biomarkers 

to improve diagnosis, prediction of the course of disease and 

of its response to therapy – with an emphasis on the response 

to therapy at an early stage of clinical research. 

A key interest is in non-invasive measurement techniques for 

exhaled breath analysis. Such techniques are suitable not only 

for use in clinical trials, but could also become everyday tools 

in respiratory medical practice. The current investigations, per-

formed in close cooperation with the Department of Bio- and 

Environmental Analytics, are focused on measurement of vola-

tile compounds in exhaled breath of patients by means of gas 

chromatography and mass spectroscopy. Because of the multi-

tude of measurable substances, a key challenge is the search 

for substance patterns that could provide early signs of disease 

progression or clues to appropriate treatment options. These 

investigations are performed in cooperation with researchers 

at the DZL sites in Marburg and Munich. 

The goal of another project is to enhance the diagnostic pos-

sibilities of sputum analysis. In this context, the scientists are 

investigating, among other things, how individual cell popula-

tions from sputum can be selected and how novel techniques 

for measuring the activity of single cells can be applied also to 

human cells. To this end, highly sensitive FRET (Förster resonance 

energy transfer)-based sensors for quantitative determination 

of pulmonary inflammation have been developed at the DZL 

site in Heidelberg.

In a further research project, the scientists are exploring whether 

magnetic resonance tomography (MRT) is generally a suitable 

technique for quantitative determination of airway inflammation 

in patients with asthma or COPD. To this end, segmental allergen 

challenges were at first performed in patients with allergic asthma 

and in healthy volunteers as controls. Thereafter, the sensitivity 

and specificity of different MRT protocols was analyzed. In the 

next step, investigations in the experimental model of segmen-

tal endotoxin challenge will be performed to find out whether 

this way of detecting inflammation can basically also be used 

for non-allergic inflammatory processes. Imaging is performed 

in cooperation with the MHH Institute of Diagnostic and Inter-

ventional Radiology. Within the scope of the DZL platform  

Imaging, MRT protocols are being standardized and further 

developed. This is done in close cooperation with scientists at 

the DZL site in Heidelberg. 

The cooperation across disciplines and between different sites 

offers excellent chances for the development of novel bio-

markers, which in a subsequent step can then be validated in 

shared patient cohorts within the DZL. 
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Scientists of the Department of Clinical Airway Research have 

established a novel challenge method with little invasive inter-

vention that can be used for proof-of-concept studies in early- 

phase clinical development of anti-inflammatory drugs for 

COPD treatment. The improved inhalation method is suitable 

for use with GMP-grade endotoxin (LPS) and despite a very 

low LPS dose induces a reproducible influx of inflammatory 

cells into the airways.

A helpful tool for proof-of-concept studies in early-phase  

development of novel anti-inflammatory drugs is provided  

by challenge models that allow precisely defined, temporary  

inflammatory processes to be induced in the airways of 

healthy volunteers. Already in 2011, scientists of the Depart-

ment of Clinical Airway Research were able to demonstrate 

that this can be achieved non-invasively by inhalation chal-

lenge with a very low dose of GMP-grade endotoxin, if the 

lung deposition rate is substantially increased by applying a 

newly developed inhalation method.

In the second part of this research project, the new method 

proved to be reproducible and thus suitable for use as a model 

in drug development. In the last project part, the scientists  

explored whether roflumilast, an agent recently approved for 

COPD treatment, can diminish the endotoxin-induced inflam-

mation (5-day treatment) and could thus be used as positive 

control in future studies. Although this relatively short treat-

ment duration did lead to an alteration in certain surface 

markers on inflammatory cells, it did not quantitatively inhibit 

the influx of these cells into the airways.

In summary, another specific challenge method for proof-of-

concept studies has been established in this research project. 

Since both the challenge and analysis of the airway inflamma-

tion are performed without bronchoscopy, this novel method 
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Data is displayed as mean, SEM (boxes), and SD (whiskers), for MPO of log-transformed values. Statistical analysis: repeated measures  
ANOVA, Newman-Keuls post-hoc test. *** p < 0.001 compared with BL (LPS1: first LPS challenge; LPS2: second LPS challenge 4 weeks  
after LPS1; LPSTx: third LPS challenge 4 weeks after LPS2 and after 5 days of treatment with roflumilast at 500 µg/day). 

reduces invasive intervention for study subjects. In addition, 

this study has shown that short-term treatment with roflumi-

last, in contrast to the effects observed in studies with experi-

mental animals, is not suitable for use as positive control in  

endotoxin challenge studies.

Methods

Twelve healthy volunteers (non-smokers, mean age 38 ± 11 

years, FEV1: 104.2 ± 7.3 percent pred.) each inhaled a very 

low dose of 2 µg endotoxin (LPS). A novel inhalation method 

was used for this, precisely controlling the flow rate during  

the inhalation and the inhaled volume, so as to increase the 

deposition rate. Six hours after LPS challenge, sputum was  

induced and the cellular composition was compared with 

baseline values (measured during a screening visit 2 to 4 

weeks prior to the first LPS challenge). Blood specimens were 

taken before and after the challenge and lung function was 

monitored for a 24-hour period. Sputum was processed  

and analyzed according to standard protocols. In addition, 

spe cific immunological parameters were evaluated by flow  

cyto metry.

Microscopic image of sputum 

cells: The displayed cells are 

mostly large and small macro-

phages, besides two neutrophils 

(NG).

Fig. 1: Left: Increase in the percentage of sputum neutrophils, monocytes, and small macrophages  
(cumulative inflammatory response) 6 hours after LPS challenge compared with baseline (BL).  
Right: Concentration of the inflammatory mediator myeloperoxidase (MPO) in sputum supernatant. 
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Results

The low-dose LPS challenge was well tolerated by the test sub-

jects. A slight impairment of lung function was observed only 

within the first hour after the LPS challenge (on average by 

less than 5 percent). Compared with baseline values, the leu-

kocyte count increased on average from 4.4 to 9.5 x 109/ml 

blood. The proportion of specific inflammatory cells (neutro-

phils) in blood rose from 54.1 percent to 74.1 percent after  

inhalation of LPS. The effects were temporary and blood test 

results on the mornings before the LPS challenges did not differ 

from the baseline values measured at the beginning of the 

study.

With the optimized inhalation method, even the very low LPS 

dose was able to induce a substantial increase in the percent-

age of inflammatory cells and of specific mediators in induced 

sputum (Fig. 1). The increase in the cell count was slightly less 

pronounced after the second LPS challenge and furthermore 

showed a minor shift in the ratio of monocytes to small mac-

rophages and neutrophils. Reproducibility was good for the in-

crease in neutrophils alone and for the cumulative increase in 

inflammatory cells after LPS inhalation compared with baseline 

values (Fig. 2). 

Five-day treatment with roflumilast, which had led to a reduc-

tion of the inflammatory response in previous animal experi-

ments under comparable conditions and in man after longer-

term treatment, did not diminish the influx of inflammatory cells 

into the airways. Only expression of certain surface markers  

on sputum macrophages was upregulated. This unexpected 

finding requires further investigation, but homogeneity of this 

response in all study subjects at least is a good indicator that 

the medication was actually taken as planned.

 

The figure shows the correlation between the increase (= values 
after LPS challenge minus baseline value) after the first and the 
second LPS challenges and the “line of identity”, on which the 
dots should lie ideally. 

Fig. 2: Reproducibility of the cumulative  
inflammatory response to LPS. 
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In a follow-up examination 57 to 156 days after the last LPS 

challenge, the percentage of neutrophils in sputum was still 

slightly increased compared with the baseline value. The most 

likely cause of this finding is a seasonal effect, since the first 

baseline measurement was performed in summer and the  

second one in winter. 

Conclusions

A novel challenge method with little invasive intervention that 

can be used in proof-of-concept studies in early-phase clinical 

development of anti-inflammatory drugs for COPD treatment 

was established in this study. The improved inhalation method 

is suitable for use with GMP-grade LPS and in spite of a very 

low LPS dose induces a reproducible influx of inflammatory 

cells into the airways. 
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Biomarkers can be helpful in diagnosing diseases and also in 

monitoring treatment response. In clinical trials, biomarkers 

can provide early indication of the efficacy of a novel medica-

tion. Fraunhofer ITEM scientists were interested to see whether 

different markers they had investigated in participants of a 

COPD study in 2006 and 2007 could have a prognostic value 

with respect to the type and degree of clinical alterations. 

They were able to recruit a part of the former study partici-

pants for a comprehensive clinical follow-up examination in 

2012. For some markers they found quite a close correlation 

with the clinical course of the disease over the past five years. 

To determine the validity of the obtained data, however, these 

results will have to be verified in a larger, independent patient 

cohort.

Preliminary research

pRognostIc vAlue oF mARkeRs FRom  
seRum And lung In smokeRs WIth And 
WIthout copd

In the years 2006 and 2007, scientists of the Fraunhofer ITEM 

Department of Clinical Airway Research conducted a study in 

24 smokers with and 23 smokers without COPD (grade GOLD II), 

involving repeated collection of serum, sputum, and broncho-

alveolar lavage (BAL) fluid and analysis of over 100 different 

markers in these different lung compartments. In 2012, they 

were able to recruit 14 of the smokers with COPD (= 58 percent) 

and 11 of the previously healthy smokers (= 48 percent) for a 

clinical follow-up examination. The aim was to find out whether 

the investigated markers have a prognostic value with respect 

to the type and degree of clinical alterations.  

The study participants underwent thorough clinical examination 

and lung function testing prior to and after broncholysis, that 

is, the opening of constricted airways by administration of  

appropriate bronchodilators. The scientists collected blood 

samples and determined urine cotinine levels. Given that  

cotinine is the main metabolite of nicotine and thus a specific 

marker of nicotine uptake, this measurement objectively reflects 

the recent smoking behavior. In addition, study participants 

were asked to complete a specifically designed questionnaire 

to evaluate changes in their clinical status. The scientists in-

cluded only those markers in the subsequent data analysis that 

had proven reproducible in repeated samples in the studies 

performed in 2006 und 2007: 10 BAL, 10 sputum, 24 serum, 



and 23 whole-blood markers (Röpcke et al., 2012). Correlation 

analyses were performed for all test subjects together and for 

both groups separately. Multiple testing was taken into account 

and only correlations with p < 0.01 were considered significant.

The mean smoking behavior (that is, the number of cigarettes 

smoked per day) did not significantly differ from the data  

recorded in the years 2006 and 2007; cotinine levels at both 

measurement time points were highly correlated (r = 0.79;  

p < 0.001). In the smokers with COPD, lung function (FEV1 

percent of normal) had deteriorated on average by 16.1 per-

cent, in the formerly healthy smokers this decrease was only 

5.4 percent. 

The results of the questionnaire were in agreement with these 

findings. Five of the smokers with COPD had progressed to 

COPD grade GOLD III and one patient even to GOLD IV. Two 

formerly healthy smokers displayed initial signs of COPD during 

the 2012 examination, with an FEV1/FVC ratio of less than  

70 percent. When analyzing both groups together, correlations 

between the clinical deterioration (changes in the FEV1/FVC  

ratio) and some inflammatory markers in serum and sputum 

were observed. The blood monocyte count had been elevated 

in both groups already in 2006 and 2007, and the clinical  

deterioration over the past five years was more severe in those 

smokers where the blood monocyte count had been high  

during the first examinations (2006/2007).

Despite the relatively small number of study participants, the 

scientists were able to identify in this follow-up study certain 

correlations between the degree of clinical alterations and 

markers that had been investigated in different COPD-relevant 

lung compartments in the years 2006 and 2007. These data 

provide first indications of a potential prognostic value of 

these markers. In the future, the Fraunhofer scientists will  

try to verify their findings in larger patient cohorts – an under-

taking that could be managed in cooperation with one of the 

partner sites of the German Center for Lung Research (DZL).
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For clinical trials with new drugs against chronic obstructive 

pulmonary disease (COPD) Fraunhofer ITEM scientists have 

developed a model that uses ozone as challenge substance.  

In summer 2012, they received a manufacturing license for 

ozone, as required by the German Drug Act. A clinical trial to 

test a novel anti-inflammatory drug against COPD was started 

already in summer 2012.

Ozone inhalation can be used to induce temporary inflamma-

tion of the airways in healthy study participants. The ozone- 

induced inflammation resembles the one seen in chronic ob-

structive pulmonary disease (COPD), with similar inflammatory 

cells and mediators of inflammation. Investigators in the insti-

tute’s Department of Clinical Airway Research are using this 

disease model for efficacy testing of novel medications in clini-

cal trials. Utilization of this model has the advantage that it  

allows the efficacy of a new drug to be verified under con-

trolled conditions already in the early stages of clinical develop-

ment.

Since the last amendment of the German Drug Act, a manufac-

turing license must be applied for, if ozone is to be produced as 

a challenge substance. This application requires comprehensive 

validation processes and seamless definition of all manufac-

turing steps to prove beyond doubt that the ozone genera-

tion process complies with all technical standards and is safe for 

study participants at any time. Thanks to close cooperation 

with Fraunhofer ITEM aerosol physicists and quality assurance 

staff, this manufacturing license could be obtained within a very 

short time.

As a result, a clinical trial to test a novel anti-inflammatory drug 

could be started in the ozone challenge chamber already in 

summer 2012.
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Safety and efficacy testing  

of anti-inflammatory com-

pounds and immunotherapy 

in patients with allergic  

rhinitis using the Fraunhofer 

Environmental Challenge 

Chamber

Safety and efficacy testing of 

inhaled bronchodilators in  

patients with chronic obstruc-

tive pulmonary disease

Characterization of exhaled 

particles in patients with 

asthma and chronic obstruc-

tive pulmonary disease

Bronchoscopic sampling of 

airway inflammatory cells in 

patients with asthma

Monitoring of pulmonary in-

flammation after segmental 

allergen challenge by using 

magnetic resonance imaging

Efficacy of an anti-inflamma-

tory compound in patients 

with asthma

Further development of a  

system for aerosolization and 

controlled administration of 

lung surfactant by inhalation 

Development and validation 

of a universal method for 

challenging volunteers with 

inhaled environmental and  

indoor allergens

Study on the effect of grass 

pollen to induce skin lesions 

in patients with atopic der-

matitis

Study on non-coding RNA  

as a biomarker in patients 

with chronic obstructive  

pulmonary disease

Business unit 2

pRoject oveRvIeW 

Establishment of low-dose  

inhalation challenge with  

endotoxin as a model for 

drug testing

Safety and efficacy testing  

of an anti-inflammatory com-

pound in healthy subjects  

following ozone challenge

Safety and tolerability of  

an inhaled anti-inflammatory 

agent in allergic asthma

Bronchoscopic sampling of 

airway biopsies to assess the 

efficacy of an anti-inflamma-

tory compound in patients 

with chronic obstructive  

pulmonary disease

Smoking is the number one 

cause of COPD – between five 

and ten percent of the adult 

population over 40 in Germany 

are estimated to suffer from 

COPD. Despite intense research, 

COPD still cannot be cured  

today.
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The business unit Occupational and Environmental 

Toxicology and Consumer Protection is engaged in 

the investigation of chemicals, part ic les ( including 

nanopartic les),  and complex mixtures as they occur 

at workplaces, in the environment, and in consumer 

products. Profound knowledge in inhalation toxicol-

ogy, aerosol process technology, chemical analysis, 

and toxicological pathology are the hal lmarks dist in-

guishing this business unit.  The required studies are 

undertaken at the Fraunhofer ITEM in accordance 

with national and international guidel ines and com-

plying with the principles of Good Laboratory Prac-

t ice (GLP).

To register a substance, numerous legal regulations 

control l ing the introduction of new products and re-

investigation of exist ing substances need to be taken 

into account. In many cases, new products and pro-

duction technologies have to be subjected to evalu-

ation, and indoor air pol lut ion in general has to be 

assessed. In this context, the development of new 

techniques for measuring airborne pol lutants and 



their source strengths represents another focus of 

research. Physico-chemical and biological models 

help determine active substances and their release 

from bui lding materials,  furniture, interior decora-

t ion, and from consumer products. In addit ion, the 

Fraunhofer ITEM develops mathematical s imulation 

models for exposure assessment. 

Immunology studies are conducted to investigate 

sensit iz ing and immunomodulating effects. Further-

more, potential  i rr itant effects of chemicals and en-

vironmental pol lutants on the airways are detected 

by means of different val idated in-vitro and, if  need 

be, animal models. A wide scope of in-vitro test ing 

methods is avai lable for use as screening methods 

and for assessing the genotoxic potential ,  al lowing 

the number of necessary animal experiments to be 

reduced. In the Environmental Chal lenge Chambers 

of the inst itute‘s cl inical unit,  studies with volun-

teers are performed to investigate specif ic aspects of 

environmental and occupational toxicology.
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Carbon nanotubes (CNT) have become important constitu-

ents of materials used in the electronic, automotive, and  

aircraft industries and are being marketed at still increasing 

high volumes. Because of their large length-to-diameter  

aspect ratio, there is concern that CNT may induce fiber- 

specific toxic effects. Therefore, adequate experimental tools 

are needed to screen the toxicity of different kinds of new 

CNT. With many years of experience in studies on fibers and 

particles, the Fraunhofer ITEM scientists are in good shape  

to take on this challenge.

To set the stage for the development of adequate test methods 

for toxicity screening of different types of CNT, Fraunhofer ITEM 

scientists first performed physico-chemical characterization  

of the CNT test items, including length/diameter distribution 

measurements and determination of purity and dissolution  

behavior of residual metal catalyst.

Appropriate CNT suspensions for in-vitro testing

For in vitro testing, a proper suspension of CNT in biocompatible 

media is crucial. Wide experience in optimization of media com-

position and in mechanical and ultrasonic suspension techniques 

allows the ITEM scientists to achieve satisfactory results. In  

addition, selection of cell lines representative for the respiratory 

tract (epithelial, mesothelial cell lines) is important to obtain 

results with predictive value for the in-vivo situation. Endpoints 

of assays include cytotoxicity and genotoxicity (Comet assay, 

micronucleus test). 

CNT aerosolization with strongly reduced  

agglomeration in in-vivo tests

In-vivo testing requires effective aerosolization of CNT, which 

typically tend to build strong agglomerates. To assure respira-

bility of CNT in inhalation tests with rats, two different ap-

proaches are the preferred methods for acute and subacute/

subchronic testing.
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For acute inhalation tests (single 4-hour nose-only exposure), 

CNT are suspended homogeneously in liquid formulations that 

can subsequently be nebulized to result in respirable aerosols. 

Maximum aerosol concentrations in the range of 40 mg/m³ 

can be achieved with this technique. This method was also 

used in a biokinetics study with radioactively tagged CNT 

(60Co gamma-tag of the catalyst cobalt). For this type of study  

it is important to achieve a deposited dose that is as high as 

possible.

For subacute and subchronic inhalation tests (28-day and 

3-month nose-only exposure, respectively), an effective dry 

aerosolization of CNT with an acoustic feeder system (adapta-

tion and optimization of a system developed by NIOSH, USA) 

has been established at the Fraunhofer ITEM. A membrane vi-

brating with high frequency generates atmospheres with high-

ly deagglomerated CNT directly from the bulk material. De-

pending on the CNT type, deagglomeration can be supported 

by beads in the aerosol generator. Functionality of this system 

has been well confirmed in a 3-month inhalation study with 

various specially designed experimental CNT (exposure com-

pleted, endpoint evaluation still ongoing).

Currently, a chronic study with these CNT is also being performed. 

In this study, the carcinogenic potential of the experimental 

CNT is being investigated using the lifetime intraperitoneal  

injection test in rats.

Taking into account CNT-specific characteristics

For CNT registration, OECD guidelines 412 and 413 for toxico-

logical testing can be slightly modified to take into account 

CNT-specific characteristics. More sophisticated study protocols 

addressing the potential fiber-specific toxicity of CNT should 

include the following endpoints:

–  Persistence of CNT in lungs; analysis of CNT translocation 

from lungs to pleura.

–  Investigation of the proliferative, genotoxic, and carcino-

genic potentials of CNT.

–  Establishment of in-vitro assays that can reliably predict a  

biological effect in vivo.

At the Fraunhofer ITEM, all these methods are available and 

have been successfully applied in studies performed for indus-

trial and public sponsors.
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Poor hygiene, dirty surgical instruments, hospital germs – 

there are more and more reports on infections acquired in 

medical environments, and the consequences for patients 

are in some cases severe. The demands on new sterilization 

technologies are that they should be affordable and allow 

on-site use, and that they should lower the risk of infection 

in hospitals, doctor’s offices, and rest homes. Fraunhofer  

researchers in six institutes are working together on solutions 

in the “SteriHealth” project. At present, a mini-sterilizer for 

gentle yet highly effective sterilization of medical products is 

being developed. The Fraunhofer ITEM is contributing above 

all by developing a monitoring process to verify the steriliza-

tion efficacy of this novel device.

According to the German Society for Hospital Hygiene, more 

than 800,000 people get infected with germs in German hos-

pitals each year, and up to 40,000 of these patients die from 

the consequences of sepsis. Related secondary infections are 

causing annual costs of up to 7 billion euros. This shows that 

the existing hygiene measures have to be optimized.

New sterilization technologies would be of great value in par-

ticular for use immediately before surgery. Surgeons use com-

plex instruments and equipment that are difficult to sterilize 

with the methods commonly used today, that is, sterilization 

by superheated steam, ethylene oxide, or gamma radiation. 

This is due to the complex geometry of such equipment – dis-

infectants do not penetrate into the openings, slits, and corners – 

and to the use of sensitive materials, integrated electronics 

and sensors. In addition, even the state-of-the-art sterilization 

methods established in today’s clinical practice do not offer 

the possibility to perform sterilization directly in the patient’s 

environment. This would be an important measure though,  

for example, to minimize the risk of infection in the operating 

room whenever an implant first has to be customized and 

then directly inserted into the body – given the fact that com-

plications in most cases result from bacterial infections. 

Scientists of the Fraunhofer institutes IBMT, ITEM, IZI, FEP, IVV, 

and IZFP have now joined forces to develop an effective hygiene 

assurance process aimed at allowing sterile packaged medical 

products to be made available in hospitals, doctor’s offices, 
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and in geriatric care. Sterilization – inexpensive and on site – 

should be possible for all medical materials, including  

packaging, transport, storage, and ultimate use.

With their pooled competencies, the cooperating scientists are 

now developing a mini-sterilizer and are testing novel gentle 

yet highly effective technologies (such as electron beam) for 

sterilizing different materials. In addition, they are developing 

intelligent packaging concepts and verify product safety after 

completion of the sterilization treatment.

In the “SteriHealth” project, the Fraunhofer ITEM is working 

primarily on the development of a monitoring process to verify 

sterilization efficacy. To this end, different materials are first 

covered with a broad spectrum of test germs. The sterilization 

efficacy is then tested to evaluate the sterilization parameters 

and influencing factors to be monitored. The aim is to verify 

whether the sterilization method effectively reduces the germ 

load, as this is decisive for the acceptance of the novel sterili-

zation method. The next steps in the project will be to system-

atically use the sterilization method for relevant medical products 

and verify the sterilization efficacy achieved with the mini- 

sterilizer.

The “SteriHealth” project is part of the Fraunhofer research 

program “Markets beyond tomorrow” and will be funded by 

the Fraunhofer-Gesellschaft for three years with a budget of 

4.5 million euros.
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Fluorescent staining of test germs: The sterilization 
efficacy of the new technology is being tested  
with a large variety of test germs, including  
reference germs and highly relevant pathogens  
such as Staphylococcus aureus (top) and Klebsiella 
pneumoniae (bottom).
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The mini-sterilizer could be  

used in operating rooms: The 

new technology is aimed at  

enabling fast and effective  

sterilization of medical products 

on site, for example, immediately 

before inserting an implant.



o c c u p a t i o N a L  a N d  e N v i r o N m e N t a L  t o x i c o L o g y  

a N d  c o N s u m e r  p r o t e c t i o N

64 I  65

SUMMARy

Low-frequency electromagnetic fields are ubiquitous in 

modern society – they are generated by electrical appliances, 

electric conductors, and high-voltage power lines. Results 

from epidemiological studies suggest that such fields might 

have an impact on the development of different organ systems. 

It could also be that they increase susceptibility to childhood 

leukemia. No animal experimental studies have so far been 

available to support these suggestions. On behalf of the 

German Federal Office for Radiation Protection, the Fraunhofer 

ITEM has therefore investigated the influence of low-frequency 

electromagnetic fields on the developing hematopoietic  

system, immune system, and central nervous system in a 

study with juvenile animals. This report presents first results 

from the study part investigating the effects on the central 

nervous system.

Modern society‘s constant exposure to low-frequency electro-

magnetic fields, generated for example by electric conductors 

and appliances in household surroundings and also by high-

voltage power lines, has been a matter of constant debate,  

as epidemiological and animal experimental data on exposure 

risks are not consistent. It was the aim of the animal experi-

mental study “Influence of low frequency electromagnetic 

fields on the developing hematopoietic system, immune sys-

tem and CNS in vivo”, performed on behalf of the German 

Federal Office for Radiation Protection, to elucidate whether 

such fields can affect healthy childhood development.

To allow the results of this study to be eventually extra polated 

to the developing human organism, Fraunhofer ITEM scientists 

developed a special animal model with juvenile animals and a 

novel exposure setup.

Study design

Time-mated CD-1 mice were continuously exposed to 50-Hz 

sinusoidal magnetic fields for 20 hours per day, starting pre-

natally on gestational day 10. The field strengths for the expo-

sure – 10 microtesla (µT), 1 mT, and 10 mT – were chosen 

such that the current densities in the animal bodies resembled 

those induced in humans exposed to magnetic flux densities 

of 1, 100, and 1000 µT.
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Two additional control groups were included in the experi-

ments: a cage control group and a sham-exposure group. 

Temperature, relative humidity, vibration and noise levels – typi-

cal stress factors in technical surroundings and possibly influ-

encing the test results – were controlled and did not differ  

between the experimental groups. Litters were raised by their 

mothers and weaned on day 21 after birth, and the young  

animals were group-housed afterwards.

Clinical observations were performed daily and bodyweight 

was measured on days 4, 7, 10, 14, 17, and 21 after birth and 

weekly afterwards up to day 90 – an age corresponding to that 

of young adults in humans. To assess the animals’ ability to  

coordinate body movement and muscle function, the develop-

ment of reflexes was tested on days 1-3 after birth for surface 

righting and on days 10-12 for negative geotaxis. The spon-

taneous locomotor activity and functional observational battery 

(FOB) were tested on days 20, 30, and 60. The FOB is used to 

assess a multitude of physiological parameters, including body 

temperature, muscle strength, muscle coordination, and spatial 

orientation. For testing auditory function and the ability to 

process sensory data and to test certain aspects of memory, 

the auditory startle reflex with habituation and pre-pulse in-

hibition was assessed on days 20 and 60. Vaginal opening and 

the corresponding bodyweight as indicators of sexual matura-

tion were examined on days 22-30. All data were tested for 

statistical significance (p < 0.05), and ANOVA and Dunnett’s 

test or Chi-square testing were performed depending on data 

type.

Results

The exposure did not affect maternal clinical findings during 

pregnancy and lactation, bodyweight, or delivery data. Pre- 

and postnatal mortality in the offspring was low and did not 

differ between exposure and control groups. Pup bodyweight 

development did not differ between the animals of the sham 

and field exposure groups. No differences were observed in the 

development of reflexes and in the behavioral tests. Neither 

was the activity of the young animals changed, nor any other 

physiological parameter or their cerebral handling of sensory 

data. There were also no dose-related differences in animal 

age at sexual maturation.

The presented data do not imply any detrimental effect of ex-

tremely low-frequency magnetic fields on reproductive perfor-

mance, postnatal survival, reflex and behavioral development, 

or any teratogenic effects. The results of the study part inves-

tigating potential effects on the immune system and the  

development of other organ systems are still under analysis.
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Ester-bound 3-monochloropropanediol (3-MCPD) has long 

been known to be a potentially hazardous contaminant in a 

variety of foods, in refined vegetable oil and fat in particular. 

To improve assessment of the risks of this compound to  

human health, the Fraunhofer ITEM conducted an animal 

study on behalf of consumer protection agencies. The aims 

were to determine to what extent 3-MCPD fatty acid esters 

are hydrolysed to 3-MCPD in the gastrointestinal tract after 

oral ingestion and to obtain data on absorption and distribu-

tion in organs.

The Annual Report 2011 already included a project report  

on the development and validation of chemical analytical 

methods that allow both free and bound 3-monochloro- 

propanediol (3-MCPD) to be determined in different bio logical 

matrices by the institute’s Working Group on Bio- and Environ-

mental Analytics. The aim of the study described here was to 

obtain hitherto missing data on the hydrolysis of 3-MCPD fatty 

acid esters in the gastrointestinal tract and on their absorption 

and distribution in the organism. In scientific consultation with 

the Federal Institute for Risk Assessment, the German Federal 

Ministry of Food, Agriculture and Consumer Protection com-

missioned this study to the Fraunhofer ITEM.

The study was performed in Wistar rats that received single 

oral doses of 3-MCPD diester (1,2-dipalmitoyl-3-chloro-1,2-

propanediol; 53.2 mg/kg body weight) or 3-MCPD (10 mg/kg 

body weight, equimolar dosage). At predefined time points, 

concentrations of free 3-MCPD and 3-MCPD ester in blood, 

urine, organs, and intestinal contents were determined by 

chemical analyses. 

Fast absorption of 3-MCPD

Bioavailability of 3-MCPD in blood was similar after oral inges-

tion of 3-MCPD ester and of free 3-MCPD. The ITEM scientists 

found comparable AUC24 values – as a measure of bioavail-

ability – of 7760 and 9030 ng × h/ml, respectively. Administra-

tion of 3-MCPD ester resulted in a value that was 86 percent 

of the value measured after administration of the free com-

pound. However, maximal concentrations of 3-MCPD in blood 
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Blue curve: small intestine; red curve: colon. 

and the corresponding time points differed considerably  

(Cmax 949 ng/ml, tmax 3.01 hours after administration of 3-MCPD 

ester, and Cmax 4850 ng/ml, tmax 0.37 hours after administration 

of 3-MCPD). These results suggest fast absorption of 3-MCPD 

into the bloodstream after oral ingestion of free 3-MCPD. In 

contrast, after administration of 3-MCPD ester, absorption is 

delayed due to intestinal ester hydrolysis, resulting in a later 

and smaller increase in the 3-MCPD blood level.

Further measurements showed that during the time period 3-6 

hours after administration of 3-MCPD ester, there were maxi-

mally between 8 and10 percent of free 3-MCPD in intestinal 

contents (in relation to the administered dose) and 33-72 per-

cent of the administered 3-MCPD ester itself. Figure 1 gives a 

graphical representation of the time course of intestinal ester 

hydrolysis. No ester was detected in liver and kidneys, but free 

3-MCPD was found there. In relation to the administered dose, 

however, the measured values were very low (below 0.25 per-

cent).

In the animals that had received free 3-MCPD, the highest 

3-MCPD levels in intestinal contents and organs were observed 

already during the first hour after ingestion and thus consider-

ably earlier than after administration of 3-MCPD ester. In total, 

maximally 8-10 percent of the administered dose were detected 

as 3-MCPD in the organism. 

In addition, urine and feces samples from the experimental  

animals were analyzed: 3-MCPD levels in urine were 2 percent 

with both test substances, and about 1 percent in feces.

Experimental evidence of 3-MCPD ester hydrolysis  

in the organism

This study has demonstrated that the administered 3-MCPD 

ester is subject to hydrolysis in the rat organism and that the 

resulting free 3-MCPD is quickly absorbed and metabolized. 

Supported by these new findings, the hazard potential asso-

ciated with oral ingestion of these contaminants via food can 

now be better assessed.

 

contAct

Dr. Edith Berger-Preiß

Phone +49 511 5350-213

edith.berger-preiss@item.fraunhofer.de

Fig. 1: Time course of 3-MCPD ester hydrolysis in  
the rat intestinal tract.
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SUMMARy

DevTox is a project initiated 10 years ago by the German 

Federal Institute for Risk Assessment with the aim to support 

industry, authorities, and research institutions in the evalua-

tion of developmental toxicological studies. Scientists, some 

of them from the Fraunhofer ITEM, have set up the DevTox 

Web site, which provides a lexicon of internationally harmo-

nized definitions and terms for abnormalities found in develop-

mental toxicity studies and a corresponding image database. 

Further development of the project was completed in 2012. 

As a result, the database now contains a total of 1742  

diagnoses.

Under the name DevTox, the German Federal Institute for Risk 

Assessment 10 years ago initiated a project aimed at support-

ing industry, authorities, and research institutions in the evalu-

ation of developmental toxicity studies on pesticides, biocides, 

and other chemical materials and products. Scientists of the 

Fraunhofer ITEM and of the Institute for Clinical Pharmacology 

and Toxicology at Charité Berlin joined forces to set up the 

DevTox Web site, which provides a lexicon of internationally 

harmonized definitions and terms for abnormalities found in 

developmental toxicity studies and a corresponding image  

database.

In 2012, further scientific development of the project was 

completed. Most notably, the scientists adjusted the DevTox 

nomenclature to the Terminology of Developmental Abnor-

malities in Common Laboratory Mammals published in 2009 

(former IFTS terminology) and incorporated the new interna-

tionally harmonized definitions and terms for abnormalities 

found in developmental toxicity studies (Makris et al., 2009) 

into the computerized database. In addition, they enhanced 

the existing terminology by introducing a new category of 

findings, called “maternal-fetal abnormalities”, which includes 

not only placental findings, but also abnormalities in other 

structures such as the amnion.

Previously, diagnostic images had been mainly of fetuses. They 

have been systematically complemented with diagnostic images 

of juvenile and adult animals. These allow conclusions to be 

drawn about potential remission or persistence of structural 
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abnormalities after birth, an important aspect in the assess-

ment of postnatal consequences. Due to this enhancement, 

the DevTox Web site is now a lot more functional.

Very importantly, the scientists have now also incorporated 

findings and corresponding images for which previously there 

was no internationally harmonized terminology available. These 

include, for example, diagnostic images of abnormalities ob-

served in developmental toxicity studies in common marmoset 

monkeys (Callithrix jacchus). For primate-specific findings,  

appropriate internationally harmonized terms need to be de-

fined yet. Furthermore, diagnostic images and corresponding 

terminology of abnormalities observed in studies with Japanese 

quail (Coturnix coturnix japonica) have been included.

The scientists have redesigned and systematically enhanced 

the structure of the Web site according to the project struc-

ture, to enable inclusion of new diagnostic images and to 

make use of the possibility offered by the Web site to classify 

novel findings into malformations and variations.

The existing database structures for prenatal anomalies (that 

is, findings observed pre-partum) have been systematically  

enhanced so as to further improve the technical possibilities for 

presenting possible postnatal manifestations of abnormalities 

(that is, findings observed post-partum). Such postnatal findings 

thus can now also be entered on the Web site. Furthermore, 

images reflecting postnatal normogenesis of rats and further 

images explaining special features of the avian skeleton have 

been added.

In the course of the Web site redesign, the number of diagnoses 

could be increased by 912 to a total of 1742. To guarantee 

that DevTox can continue to provide optimal assistance to  

scientists and authorities, continual updates are necessary.  

Important issues that will be discussed by experts in the near 

future include the classification of a novel term as variation, 

malformation, or “grey zone anomaly” (that is, an abnormality 

that cannot be classified) and the assessment of complex 

abnormalities. In addition, it is planned to incorporate findings 

from studies in non-human primates (Solecki et al., 2010).
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SUMMARy

Aerosol technologists of the Fraunhofer ITEM have inves-

tigated whether or not water-saving showerheads and 

faucets are associated with an increased risk of inhaling 

legionellae that can be present in building water systems. 

The scientists first developed a detection and measure-

ment method that allows them to measure the aerosol 

emission from showerheads and taps under common  

operating conditions. Risk assessment will follow.

The development trend for showerheads and faucets is more 

and more towards water-saving technologies. One method  

to reduce water consumption without sacrificing water pres-

sure consists in aerating the water stream. It is generally  

assumed that this technology causes (or increases) release of 

inhalable droplets. As a result, experts are more and more 

discussing the role of this technology in the aerogenic spread 

of legionellae, which tend to colonize biofilms in building 

water systems, preferably at temperatures between 30 and 

50 °C. To enable realistic assessment of the risk of inhaling 

legionellae via aerosols from showerheads and flow-restricted 

faucets, quantitative data about the aerosol production rate 

during operation of different showerheads and taps were col-

lected at the Fraunhofer ITEM by using a specially developed 

detection and measurement method. The results showed sub-

stantial differences in droplet emission rates between different 

products, both for showerheads and for faucet flow regulators 

and aerators. The next step will be to perform a risk assessment 

in cooperation with water hygiene experts.
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Business unit 3

pRoject oveRvIeW 

General and reproductive 

toxicology

Impact of low-frequency  

electromagnetic fields on the 

developing hematopoietic 

system, the immune system, 

and the CNS in vivo

Inhalation toxicology

Size separation of fibers into 

respirable fractions

Studies on the in-vivo solubility 

of glass fiber dusts

Studies to assess lung toxicity 

of toner powders or toner 

additives

Study into the toxicokinetics 

of inhaled, poorly soluble  

nanoscale particles in rats

Dispersion and retention of 

dusts containing ultrafine  

primary particles in the lung

Comparative investigation  

of three nanoscale titanium 

dioxides with different surface 

characteristics in a 28-day  

inhalation study

Development of screening 

methods for detection of a 

possibly carcinogenic poten-

tial of carbon nanotubes

Toxicokinetics study in rats  

after inhalation exposure to 

carbon nanotubes

Lung toxicity testing of sur-

face-active substances in the 

isolated perfused rat lung

Development of a rat lung  

lavage model for efficacy 

testing of surface-active  

substances

Genetic toxicology

Genotoxicological guideline 

studies as part of toxicological 

testing of chemicals, particles, 

and fibers

In-vitro and in-vivo investiga-

tions to determine potential 

genotoxic effects of electro-

magnetic fields in the radio-

frequency spectrum

Comet assay-based evalua-

tion of the genotoxic poten-

tial of SiO2-containing high-

temperature insulation wools

Studies on the in-vitro and  

in-vivo genotoxicity of novel 

pharmaceuticals

Studies on the in-vitro and  

in-vivo genotoxicity of SiO2 

nanoparticles

Establishment of mesothelial 

cell models, and establishment 

and optimization of in-vitro 

methods to evaluate the toxic 

and genotoxic potential of 

multi-walled carbon nano-

tubes

Establishment of conclusive 

gene expression markers for 

detection of quartz-depen-

dent toxicity of ceramic raw  

materials

In-vitro and mechanistic 

toxicology

In-situ analysis of the cellular 

effects of airborne pollutants 

and active substances in vitro

Extended prevalidation of the 

Air/Liquid Interface (ALI) tech-

nology as a testing method 

for inhalable substances  

(gases) in a round-robin study 

with participation of govern-

mental laboratories
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Generation of complex cell 

culture models for use in air/

liquid interface-based tests

Studies to investigate the  

biological effects of inhaled 

substances in cells from the 

respiratory tract

Establishment of pathway-

specific gene expression  

analyses in human lung  

epithelial cells

Studies on the mechanism  

of action of multi-walled  

carbon nanotubes in bronchial 

epithelial cells

Differentiated THP-1 cells as a 

model for nanoparticle testing

Toxicity screening tests with 

Carbon Black nanoparticles in 

human cell lines from different 

parts of the respiratory tract

Pathology

Analysis of the translocation 

of gold nanoparticles to the 

CNS by electron microscopy 

Demonstration of inhaled or 

instilled nanoparticles in the 

respiratory tract by electron 

microscopy

Analysis of the translocation 

of fine and nanoscale titanium 

dioxide particles from the 

nose to the brain by electron 

microscopy

Impact of low-frequency  

electromagnetic fields on the 

developing hematopoietic 

system, the immune system, 

and the CNS in the mouse

Genotoxic mechanisms of  

action and histological effects 

of fine and ultrafine particu-

late matter in the lung

Histological, immunohisto-

chemical, and morphometric 

evaluation of the effects of 

different types of fibers in 

peritoneal cells

Pathology database RITA 

(Registry of Industrial Toxi-

cology Animal-data) in col-

laboration with the Working 

Group on Databases and  

Information Systems 

Determination of cell prolifer-

ation in the respiratory tract 

after inhalation of different 

types of fibers

Cellular and subcellular effects 

in rat lung epithelial cells  

after inhalation of fine and 

nanoscale titanium dioxide 

particles

Airway immunology

Evaluation of the toxicity of 

airborne pollutants in mouse, 

rat, non-human primate, and 

human precision-cut lung  

slices

Airway pharmacology

Lung function measurements 

in toxicological studies

Alarie test to evaluate the  

irritant potential of chemicals

Clinical chemistry and 

ADME

Hematological and clinico-

chemical analyses in toxico-

logical studies 

Investigations on inflamma-

tory parameters and oxidative 

stress in rat bronchoalveolar 

lavage fluid



Supply of aerosol technologi-

cal know-how and equipment 

for setting up and operating 

an aerosol chamber for  

microorganisms

Determination of airborne 

and respirable particle release 

during fragmentation of  

brittle materials

Measurement of respirable 

droplet release from shower-

heads and faucets with flow 

regulators and aerators

Studies on emissions from 

lithium-ion batteries under 

accident conditions

Bio- and environmental 

analytics

Chemical characterization of 

petroleum products (fuels 

and lubricants)

Characterization of the com-

position of biocidal products 

(substance mixtures)

Studies on formaldehyde  

release from formaldehyde 

depot substances

Aerosol technology

 

Development of a continuous 

procedure for the generation 

of calibration aerosols in the 

ultrafine particle size range

Characterization of the expo-

sure resulting from the use of 

cosmetic sprays and surface 

treatment sprays

Design and construction  

of an aerosol generator for 

carbon nanotubes

Development and validation 

of a method to screen  

surface-active substances  

for lung toxicity

Studies on protective measures 

for first responders during  

radiological emergencies:  

resuspension of deposited  

radioactive contamination 

from surfaces

Development and validation 

of analytical methods for bio-

monitoring of selected me-

tabolites

Determination of hemoglobin 

adducts

Development of methods for 

non-target analysis of com-

plex mixtures

Collateral analytical investi-

gations in in-vitro exposure 

studies with gaseous sub-

stances

Chemical characterization of 

gases and aerosols at work-

places and in safety areas

Determination of toxic  

element concentrations in 

consumer products

Determination of elements  

in organs and body fluids  

in studies investigating the  

effects of nanoparticles

Databases and  

information systems

RITA – Registry of Industrial 

Toxicology Animal-data

CEPA – Cell Proliferation and 

Apoptosis

goRENI INHAND – Inter-

national Harmonization  

of Nomenclature and  

Diagnostic criteria

Further scientific develop-

ment of the project DevTox
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The business unit Test ing and Registrat ion of Chemi-

cals,  B ioc ides and Pest ic ides pools  the inst i tute’s 

long-standing experience and comprehensive expertise 

in r isk assessment,  cover ing the f ie lds of tox icology 

and ecotoxicology as wel l  as assessment of the ex-

posure and behavior in the environment.

Numerous substances for which data are a l ready 

avai lable require addit ional  evaluat ions to a l low 

risk assessment. In addit ion, the European chemicals 

pol icy REACH, which came into force in 2007, re-

quires re- invest igat ion of a large number of act ive 

substances that are a l ready on the market.  The  

sc ient ists  working in this  bus iness unit  v iew and 

evaluate the ex ist ing data and wi l l  recommend  

addit ional tests for a substance whenever this seems 

necessary.  To c lose ex ist ing data gaps,  studies ad-

dress ing the fol lowing endpoints are performed at 

the Fraunhofer ITEM: toxicokinet ics ,  sens i t izat ion, 

immunotoxic i ty,  subchronic and chronic toxic i ty,  re-

product ive toxic i ty,  teratogenic i ty,  carc inogenic i ty, 

and mutagenicity. Investigations into the mechanisms 

of act ion of chemicals  can a lso be conducted.

According to requirements,  the Fraunhofer ITEM 

closely cooperates with different Fraunhofer inst i -

tutes and other contract  research inst i tut ions.  Al l 



data necessary for r isk assessments as required by 

regulat ions ( inc luding phys ico-chemical  propert ies 

and ecotoxic i ty )  can thus be provided by a s ingle 

source,  and the overal l  assessment and registrat ion 

doss iers  can be prepared. Al l  expert  reports  are  

created in accordance with high standards.

Legal  requirements,  in part icular  the cr i ter ia for  

r i sk assessments,  are subject  to constant changes. 

Through cooperat ion with nat ional  and interna-

t ional  committees and author i t ies  as wel l  as part ic i -

pat ion in round-robin studies,  the Fraunhofer ITEM 

takes part  in the development of guidel ines and can 

thus react immediately to changes – a benef i t  par-

t icular ly  for  our c l ients.  I t  i s  foreseeable that the 

demand for r isk assessments and addit ional  tox ico-

logical studies of chemicals wil l  continue to increase. 

The assessment of substances fa l l ing under REACH 

is  one of the chal lenges of the years to come. The 

expert ise in this  bus iness unit ,  therefore,  wi l l  con-

t inue to be further expanded.

A rapidly growing f ie ld of act iv i ty  i s  the assessment 

of potent ia l  effects  of  nanopart ic les.  In this  f ie ld, 

the Fraunhofer ITEM conducts exper imental  studies 

and develops concepts and databases for the assess-

ment of substances in this  s ize range.
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Glycol ethers are chemical compounds that are manufactured 

at large quantities and are used in a large variety of applica-

tion areas, above all as solvents in water-based paint. Their 

volatility is rather low, so that they may be detected in indoor 

air even years after paint has been applied. In the past, the 

commonly used ethylene glycol monomethyl ether (EGME) 

had been found to have reproduction toxicity and develop-

mental toxicity potentials. As a result, it has been increasingly 

replaced by other glycol ethers. Some of these have been  

detected in indoor air, but whether or not they are associated 

with a similar range and strength of toxic effects is in many 

cases unknown.

People in central Europe spend most of their time indoors. To 

protect their health, the toxic potential of substances that are 

detectable in indoor air must be assessed. Guideline values  

are derived to this end. These are developed by the German 

Ad-hoc Working Group on Indoor Guidelines of the Indoor Air 

Hygiene Committee and of the Supreme State Health Authori-

ties. Inge Mangelsdorf, head of the Fraunhofer ITEM Division 

of Chemical Risk Assessment, Databases and Expert Systems, 

is also a member of this working group. She and her team  

resolved to analyze and assess not every single glycol ether, 

but the whole substance category.

Project report
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SUMMARy

Fraunhofer ITEM scientists are venturing on new paths of risk 

assessment, more precisely, in assessing the toxic effects of 

glycol ethers. Instead of assessing each glycol ether individually, 

they evaluated the whole category, derived a default value for 

insufficiently investigated glycol ethers, and took into account 

possible additive effects of different glycol ethers. The data-

bases RepDose and FeDTex, developed by the Fraunhofer  

scientists during previous years, proved to be useful tools for 

deriving threshold and guideline values in the context of risk 

assessment by means of substance categories.



The team started by compiling toxicology data of the different 

glycol ethers, making use of assessments performed by a vari-

ety of institutions, including ECETOC and the German MAK 

Commission. For 47 glycol ethers, repeated-dose studies were 

available. The scientists entered the toxicological data into the 

existing databases RepDose (containing data on repeated-dose 

toxicity and carcinogenicity of substances) and FeDTex (con-

taining data on reproduction toxicity and teratogenicity) and 

compared the toxicity of the glycol ethers with that of all other 

compounds in these databases.

Compared with the effects of other chemicals, repeated-dose 

toxicity studies with glycol ethers more frequently revealed  

effects on the testes, spleen, thymus, and on hematological  

parameters. Detailed analysis of the data on reproductive  

and developmental toxicity as endpoints that cause particular 

Glycol ethers are used  

as solvents in water-based  

paint.

 

(1) Repeated dose RepDose (symbol: black solid triangle); (2) repeated dose GE (symbol: black open triangle); (3) reproductive toxicity  
FeDTex (symbol: blue solid square); (4) reproductive toxicity GE (symbol: blue open square); (5) developmental toxicity FeDTex (symbol:  
red solid circle); (6) developmental toxicity GE (symbol: red open circle).

Fig. 1: Cumulative frequencies for the LOELs of glycol ethers in repeated-dose toxicity (black), reproductive  
toxicity (blue), and developmental toxicity studies (red).
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concern, however, showed that all other glycol ethers are  

either considerably less toxic than EGME or do not show any 

such effects at all.

Overall, glycol ethers are of relatively low toxicity, as can be 

seen in Figure 1. This figure shows the cumulative frequencies 

for the LOELs regarding repeated-dose toxicity, reproductive 

toxicity, and developmental toxicity of glycol ethers compared 

with the other substances recorded in RepDose and FeDTex. 

Among each other, glycol ethers differ in toxicity maximally by 

a factor of about 100. It is true that the differences among 

glycol ethers are thus not as large as among all chemicals in 

the databases, but nevertheless glycol ethers differ from each 

other so markedly that guideline values for every single com-

pound are required. Wherever there were sufficient data avail-

able, the scientists derived guideline values. In addition, where 

the available data were not sufficient to allow a guideline value 

to be derived, they derived a default guideline value correspond-

ing to the 5th percentile of this value within the distribution  

of all glycol ethers in Figure 1 – thus assuming high toxicity  

for insufficiently investigated substances. They furthermore 

took into consideration that exposure to several glycol ethers 

at once can occur and that their effects can add up. For the 

derivation of guideline values, therefore, there is the request 

to apply the hazard index method to determine to what degree 

the corresponding guideline value is achieved by the presence 

of each individual substance. The sum of these quotients must 

not be larger than 1. 

With this project, the ad-hoc working group has ventured on 

several new paths at once in chemical risk assessment: by  

assessing a whole category, by deriving a default guideline  

value for insufficiently investigated substances, and by taking 

into account possible additive effects. During this project (as  

already during numerous other applications – see reference 

list), the databases RepDose and FeDTex once again proved  

to be helpful tools for deriving threshold and guideline values 

for substance categories: The multitude of data they comprise 

allows easy queries, statistical analyses, and clear presentation 

of results.

The above described approach for deriving guideline values for 

the substance category of glycol ethers will be published in the 

”Bundesgesundheitsblatt” (German Federal Health Gazette).
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Nano-objects are suspected of being more toxic than fine  

particles of the same composition at equal mass. Numerous 

publications on nanotoxicology are available. The published 

data, however, are very heterogeneous, because there are  

substantial differences in the investigated objects – regarding 

composition, shape, and surface area – and study designs – 

route of administration, study duration, and investigated end-

points. Consequently, it is very difficult to get the big picture 

and draw general conclusions. And even though many review 

articles on this topic have been published already, a lot of 

questions are yet to be answered. To enable systematic and 

overall assessment of the available data, scientists of the insti-

tute’s Division of Chemical Risk Assessment, Databases and  

Expert Systems have developed the database “Particle and  

Fiber toxicity” – PaFtox in short – on behalf of the German 

Federal Environment Agency.

A database in general offers several advantages over simple  

literature analysis:

–  Due to the database structure, the available data can be  

entered systematically.

–  Weaknesses of a study and of its description are immediately 

visible and can be taken into account accordingly in analyses.

SUMMARy

Nano-objects are defined as those objects that have one,  

two, or three external dimensions in the nanoscale size range, 

that is, between 1 and 100 nanometers. Although numerous 

publications about toxicological studies with nanomaterials 

are available, it is still difficult to get the big picture. The  

reason for this is the strong heterogeneity of the available  

data, which is a handicap to toxicological assessment.  

On behalf of the German Federal Environment Agency, 

Fraunhofer scientists have developed the database PaFtox, 

which is aimed at making the assessment of nano-objects 

easier in the future. First analyses using this database have 

confirmed individual statements from the literature.

Project report

pAFtox dAtABAse FAcIlItAtes  
toxIcologIcAl Assessment oF  
nAno-oBjects



–  Different types of queries enable systematic processing of 

the data from the larger datasets, for example with regard to 

effect patterns, LOELs, and dose-effect analyses for different 

(nano-)objects, or identification of sensitive parameters, that 

is, effects occurring already at low doses.

–  Easy visualization of the analyses makes it easier to recognize 

and understand correlations than when working with large 

tables.

The PaFtox database documents particle characterization data 

(both primary and secondary), the study design, target organs, 

effects, and effect sizes. At present, it includes the data of 131 

inhalation and instillation studies with rodents (study duration 

more than 28 days) that investigated inert particles, different 

types of silica oxide, metals or metal oxides, and carbon nano-

tubes.

At this stage already, individual statements from the literature 

have been found to be confirmed by the larger pool of data 

from the PaFtox database. One example is the LOELs for nano-

objects. The small nanoparticle diameters result in a relatively 

large specific surface area. For these two properties, categories 

were defined and the corresponding LOELs determined. Based 

on the studies currently contained in the database, the LOELs 

for nano-objects on average are by a factor of 18 lower than 

for larger-scale objects.
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Titanium dioxide nanoparticles 

at 300000x magnification. Mostly 

agglomerates are displayed –  

titanium dioxide primary particles 

are visible as small beads at the 

bottom of the image. 
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Assessment of chemicals

Activities in connection with 

the European chemicals policy 

(REACH): 

–  Consulting for companies, 

assistance in preparing  

registration 

–  Update and enhancement 

of existing registrations 

–  Evaluation of the necessary 

data 

–  Preparation and revision  

of IUCLID data sets and of 

chemical safety reports 

–  Development of testing 

strategies, justification  

for waiving, and exposure 

scenarios

Assessment of chemicals  

using category approaches

International Chemical Safety 

Cards (ICSC) under the WHO 

International Programme on 

Chemical Safety (IPCS)

Substance reports for the 

German “Noxious Agents  

Information System” (NIS)  

on behalf of different  

German Länder ministries

Consulting contracts and  

notification of new sub-

stances on behalf of Japanese 

companies

Toxicological expert reports 

on different chemicals

Toxicological expert reports 

on and risk assessment  

of impurities or residues in 

medicinal products

Biocides

Activities in connection with 

the European Biocidal Products 

Directive (BPD, Directive 98/8/

EC) and the Biocidal Products 

Regulation (BPR 528/2012) 

that will become effective in 

September 2013

Processing of supplementary 

requests and communication 

with the registration authori-

ties to include biocidal active 

substances in Annex I/IA ac-

cording to guideline 98/8/EC

Assistance in preparing for 

product authorization

Evaluation of the required data

Development of exposure 

scenarios and testing strate-

gies, risk assessments

Consulting on issues of bio-

cidal product classification

Foodstuffs

Preparation of pre-evaluation 

documents for food additives

QSAR, databases

Data collection and analysis 

to define categories of hydro-

carbon mixtures

Threshold of Toxicological 

Concern (TTC) for inhalation 

exposure: improvement of 

the TTC concept for inhala-

tion exposure and derivation 

of thresholds using the  

RepDose database on behalf 

of Cefic

Assessment of substances 

based on (Q)SAR and read-

across

Business unit 4
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Analysis of extrapolation  

factors for time, interspecies, 

and routes, and combination 

of the distributions on behalf 

of ERASM

Derivation of guideline values 

for the category of glycol 

ethers within the collabora-

tion in the German Ad-hoc 

Working Group of the Indoor 

Air Hygiene Committee 

Mechanism-based character-

ization of systemic toxicity for 

RepDose database substances 

employing in-vitro toxicoge-

nomics on behalf of TNO for 

Cefic

Assessment of human and 

veterinary pharmaceuticals

Environmental assessment  

activities as required by the 

European EMA guidelines for 

drug registration

Preparation of pharmacologi-

cal and toxicological expert 

reports 

Consulting for companies: 

analysis of the required data, 

response to complaints,  

communication with the  

authorities, consulting in spe-

cial cases, study monitoring, 

preparation of expert reports 

including risk assessment for 

registration

Support for industry with 

project proposals for develop-

ment of environmentally 

compatible drugs

Collection of substance  

properties for GSBL, the joint 

substance data pool of the 

German Federal Government

and the German Federal  

Länder

Exposure estimates

Preparation of “Environmental 

Health Criteria Documents” 

(EHC) on “Dermal exposure” 

under the WHO International 

Programme on Chemical 

Safety (IPCS)

Miscellaneous scientific 

projects

Development of ontologies 

for repeated-dose toxicity 

studies and for developmental 

and reproductive toxicity 

studies for implementation in 

the QSAR Toolbox on behalf 

of ISS for the ECHA

Project “SteriHealth” – for 

better hygiene in the medical 

area, as part of the Fraunhofer 

research program “Markets 

beyond tomorrow”

Identification of limitations of 

the OECD water-sediment 

test (OECD 308) and develop-

ment of suitable alternatives 

to assess persistence on behalf 

of Cefic



FRAunhoFeR-gesellschAFt

Research of pract ica l  ut i l i ty  l ies  at  the heart  of  a l l  act iv i t ies  pursued by the 

Fraunhofer-Gesel lschaft .  Founded in 1949, the research organizat ion under-

takes appl ied research that dr ives economic development and serves the wider 

benef i t  of  society.  I ts  serv ices are sol ic i ted by customers and contractual  part-

ners in industry,  the serv ice sector,  and publ ic  administrat ion.

At present,  the Fraunhofer-Gesel lschaft  maintains 66 inst i tutes and indepen-
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federal  and Länder  governments in the form of base funding, enabl ing the  

inst itutes to work ahead on solutions to problems that wil l  not become acutely 

re levant to industry and society unt i l  f ive or ten years from now.

Aff i l iated internat ional  research centers and representat ive off ices provide 

contact with the regions of greatest  importance to present and future sc ien-

t i f ic  progress and economic development.
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With i ts  c lear ly  def ined miss ion of appl icat ion-or iented research and i ts  focus 

on key technologies of re levance to the future,  the Fraunhofer-Gesel lschaft 

plays a prominent role in the German and European innovation process. Applied 

research has a knock-on effect  that extends beyond the direct  benef i ts  

perceived by the customer:  Through their  research and development work,  the 

Fraunhofer inst i tutes help to re inforce the compet i t ive strength of the economy 

in their  local  region, and throughout Germany and Europe. They do so by pro-

moting innovat ion,  strengthening the technological  base,  improving the ac-

ceptance of new technologies,  and helping to tra in the urgent ly  needed future 

generat ion of sc ient ists  and engineers.

As an employer,  the Fraunhofer-Gesel lschaft  offers  i ts  staff  the opportunity to 

develop the profess ional  and personal  sk i l l s  that wi l l  a l low them to take up 

posit ions of responsibi l i ty  within their  inst i tute,  at  univers i t ies ,  in industry and 

in society.  Students who choose to work on projects  at  the Fraunhofer inst i -

tutes have excel lent prospects of start ing and developing a career in industry 

by v i r tue of the pract ica l  t ra in ing and exper ience they have acquired.

The Fraunhofer-Gesel lschaft  i s  a recognized non-prof i t  organizat ion that takes 

i ts  name from Joseph von Fraunhofer (1787–1826),  the i l lustr ious Munich  

researcher,  inventor and entrepreneur.
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Six Fraunhofer inst i tutes and a Fraunhofer research inst i tut ion have focused 

their  research on the l i fe sc iences.  In the Fraunhofer Group for L i fe Sc iences 

they have pooled their  competencies in biology,  b iomedic ine,  pharmacology, 

tox icology,  and food technology.  With a staff  of  over 1700, the Fraunhofer 

Group for L i fe Sc iences is  an important R&D partner for the pharmaceut ica l 

and biotechnology sectors as wel l  as for the chemicals  industry and medical 

technology companies. 

The Fraunhofer Inst i tutes for Biomedical  Engineer ing IBMT, Interfac ia l  Engi-

neer ing and Biotechnology IGB, Molecular  B io logy and Appl ied Ecology IME, 

Toxicology and Exper imental  Medic ine ITEM, Cel l  Therapy and Immunology IZ I , 

and Process Engineer ing and Packaging IVV and the Fraunhofer Research Inst i -

tut ion for Marine Biotechnology EMB combine their  concentrated expert ise  

to a l low for even comprehensive projects  to be undertaken for their  c l ients. 

FRAunhoFeR gRoup FoR lIFe scIences

ApplIed scIence FoR mAn And 
the envIRonment
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Research and development in the Fraunhofer Group for L i fe Sc iences cover  

on the one hand the prevent ive areas of environmental  and consumer protec-

t ion,  and on the other hand the regenerat ive areas of medical  therapy and 

ecological  recovery.  The broad range of methods and equipment avai lable 

within the Fraunhofer Group for L i fe Sc iences is  unr iva led at  so high a con-

centrat ion.

What character izes the research performed in the Fraunhofer Group for L i fe 

Sc iences is  i ts  c loseness to industr ia l  appl icat ion,  a iming to develop solut ions 

that meet cl ients’ actual requirements, always with a view to economic efficiency 

and susta inabi l i ty.  In addit ion,  the inst i tutes a lso undertake bas ic  research to 

develop the bas is  for  future appl icat ions in industry.  The business units  of  the 

Fraunhofer Group for L i fe Sc iences inc lude trans lat ional  medic ine research and 

biomedical  technology,  regenerat ive medic ine,  healthy foodstuffs ,  industr ia l 

b iotechnology,  and research a imed at the safety of processes,  chemicals ,  and 

pest ic ides. 

The Group shows ways of preserv ing health and the environment in an indus-

tr ial ized world and develops new options for diagnosing and treating diseases in 

a sett ing of a more personal ized healthcare and for protecting natural resources.
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– Department of Hospital Hygiene, Infection Prevention and Control
– Center for Biological Threats 

RWTH Aachen University, Institute of Pharmacology and Toxicology

Technische Universität München (TUM)
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National Institutes of Health, New Bethesda, MD (USA)

OECD QSAR Expert Group (France)
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January 20-21, 2012
11th Workshop ”Models of Asthma and COPD“
Fraunhofer ITEM
Hannover (Germany)

March 11-15, 2012
SOT 2012
Annual Meeting of the Society of Toxicology and ToxExpo
San Francisco, CA (USA)

May 9-10, 2012
Deutsche Biotechnologietage
German Biotechnology Days
Frankfurt/Main (Germany)

May 18-23, 2012
ATS 2012
International Conference of the American Thoracic Society
San Francisco, CA (USA)

May 23, 2012
Kooperationsforum ”Biopharmaceuticals“
Benediktbeuern (Germany)

June 18-21, 2012
BIO International Convention 2012
Boston, MA (USA)

June 24-28, 2012
STP 2012
Annual Symposium of the Society of Toxicologic Pathology
Boston, MA (USA)

October 5-8, 2012
EUSAAT 2012
European Congress of the European Society for Alternatives  
to Animal Testing
Linz (Austria)

November 12-14, 2012
Bio-Europe 2012
Hamburg (Germany)
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