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ronmental exposure, following standard operating proce-
dures. Major emphasis is also placed on ethical, legal and 
social issues (ELSI) related to biobanks. A specific research 
project and an international advisory board ensure the
proper embedding of GATiB in society and facilitate interna-
tional networking.  Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 Biobanks containing human biological samples, such 
as tissues, blood or body fluids, in combination with do-
nor-related clinical data, are essential resources for the 
understanding of the function and medical relevance of 
human genes as well as for exploring the biological net-
works in which specific genes are operating  [1–3] . Par-
ticularly valuable information can be obtained from bio-
banks comprising normal and diseased human tissues of 
high quality  [4] . Such material provides information on 
genetic and epigenetic alterations and on modifications 
of gene products which cause diseases or influence their 
outcome. Moreover, large tissue collections provide in-
sight into the great variability of human disease manifes-
tations and the individual’s response to medical treat-
ment and are, therefore, an essential basis for the ad-
vancement of personalized medicine  [5–8] .
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 Abstract 

 In the context of the Austrian Genome Program, a tissue 
bank is being established (Genome Austria Tissue Bank, 
GATiB) which is based on a collection of diseased and corre-
sponding normal tissues representing a great variety of dis-
eases at their natural frequency of occurrence from a non-
selected Central European population of more than 700,000 
patients. Major emphasis is put on annotation of archival tis-
sue with comprehensive clinical data, including follow-up 
data. A specific IT infrastructure supports sample annota-
tion, tracking of sample usage as well as sample and data 
storage. Innovative data protection tools were developed 
which prevent sample donor re-identification, particularly if 
detailed medical and genetic data are combined. For quality 
control of old archival tissues, new techniques were estab-
lished to check RNA quality and antigen stability. Since 2003, 
GATiB has changed from a population-based tissue bank to 
a disease-focused biobank comprising major cancers such 
as colon, breast, liver, as well as metabolic liver diseases and 
organs affected by the metabolic syndrome. Prospectively 
collected tissues are associated with blood samples and de-
tailed data on the sample donor’s disease, lifestyle and envi-
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  Comparative genetic analysis of diseased and corre-
sponding non-diseased tissue allows identification of 
germ-line mutations, polymorphisms and somatic muta-
tions relevant to disease. Furthermore, within the dis-
eased tissue an imprint of epigenetic alterations, changes 
in gene expression levels, post-translational modifica-
tions of gene products, and metabolites are preserved  [9] . 
Using novel high-throughput (‘-omics’) technologies, 
these alterations can be identified providing insight not 
only into the genetic but also into the acquired non-ge-
netic, particularly environmental (infectious, toxic, aller-
gic, etc.) causes of systemic and localized diseases  [10, 
11] .

  Several pathology institutes have established large ar-
chives of diseased tissues, which have been obtained for 
diagnostic purposes. However, in order to fulfill the 
needs of modern research, the requirements of a biobank 
are much more far-reaching than those of medical ar-
chives for diagnostic service  [12] .

  In medical tissue archives, samples are usually not di-
rectly associated with clinical data, which substantially 
limits their usability for research. The annotation of ar-
chival samples with data from medical records which 
greatly enhances their value for scientific use is a major 
challenge for biobanks  [13, 14] . For instance, the impact 
of alterations in gene expression on disease outcome or 
drug response can only be verified in context of a variety 
of clinical background information. However, such data, 
as far as they are electronically accessible for older ar-
chived samples are often stored in different departments 
and hospitals in different databases, with the additional 
obstacle that data formats have changed over the years. 
Moreover, samples have been collected over long periods 
of time, where standards for preservation have not been 
considered a priori  [15]  and criteria of disease classifica-
tion may have changed.

  Another aspect is that since ethical standards have 
considerably changed during the last two decades, mod-
ern standards cannot be applied to old archived material. 
While for presently collected samples informed consent 
(IC) by the donor is compulsory, for older archived mate-
rial IC was not required  [4] . In accordance with emerging 
international standards, such samples can only be used 
after approval of specific research projects by the local 
ethical committee (see for instance, Opinion on Biobanks 
for Research of the German National Ethics Council, 
www.ethikrat.org).

  A major task of the Genome Austria Tissue Bank 
(GATiB) project is the transformation of the existing tis-
sue archive at the Medical University of Graz (MedUG), 
currently consisting of more than 3 million samples from 
over 800,000 patients, into a biobank by addressing the 
problems outlined above. Furthermore, the collection is 
expanded by adding new tissue samples, complemented 
with corresponding blood samples and detailed patient-
related information, particularly considering the differ-
ent requirements for archive material and prospectively 
collected samples and data ( fig. 1 ) (for further informa-
tion, see www.bioresource-med.at).

  GATiB: Its Concept and Content 

 Historical Background 
 The Institute of Pathology of the MedUG was origi-

nally a center of pathology service for the southern part 
of the Austrian-Hungarian monarchy and because of this 
tradition it is still the pathology service provider for the 
University Hospital in Graz and for a further 33 public 

  Fig. 1.  Structure of GATiB: GATiB contains tissues, blood sam-
ples as well as clinical data and data generated by analysis of sam-
ples. Human samples are complemented by animal models for 
major diseases. Standardized analysis of samples is enabled by a 
broad spectrum of associated ‘-omics’ platforms. The IT infra-
structure supports sample and data storage, sample tracking, data 
analysis, and guarantees patient confidentiality. A management 
team is responsible for the operation of GATiB as a core facility of 
the MedUG. A specific research project and an international ad-
visory board provide guidance for ethical, legal and social issues 
(ELSI). 
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and 10 private hospitals. As a consequence, in south-east-
ern Austria a single institute is responsible for the preser-
vation, diagnosis and storage of tissue samples, resulting 
in a large population-based collection of samples. This 
archive formed the basis for GATiB, contributing sam-
ples from 700,000 patients, totaling 2.7 million diseased 
and normal tissue specimens collected from 1983 to 2002. 
Over this time period the collection reflects all diseases 
where tissues have been obtained for diagnostic or thera-
peutic purposes. Hence, diseases are represented almost 
at their natural frequency of occurrence characteristic for 
a mixed Central European population. An important as-
pect is that all samples have been collected and processed 
in one institute, so that the same tissue-processing proto-

col was applied over the years, guaranteeing a high level 
of standardization. Since 2002, the population-based 
character has not been maintained any longer due to de-
centralization of the pathology service. Nevertheless, by 
the end of 2005, about 3 million formaldehyde-fixed, par-
affin-embedded (FFPE) and more than 30,000 cryopre-
served tissue samples from 800,000 patients were avail-
able within GATiB ( fig. 2 ).

  Dual Focus on Old Archived and Prospectively 
Collected Samples 
 The archival material is of outstanding value, since it 

represents tissue specimens of a large non-selected co-
hort, for most of which long-term follow-up data are 
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  Fig. 2.  Annual number of collected formalin-fixed paraffin-embedded (FFPE) ( a ) and cryopreserved tissues 
( b ). Total content of FFPE tissue samples is shown for major organs ( c ) and diseases ( d ). 
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available. Furthermore, certain disease conditions can 
only be studied in such older archived samples which 
cannot be obtained anymore, since therapy regimens 
have changed (e.g. increase of neoadjuvant therapy) and 
advanced tumor stages are observed less frequently in 
certain organs due to improved early diagnosis and suc-
cess of cancer prevention programs.

  Most archived material is available as FFPE tissue that 
was collected in the context of histopathological diagno-
sis. The relevance of this material was underestimated for 
a long time. However, FFPE material gains more impor-
tance since improved methods for RNA and protein ex-
traction have been developed  [16–19] . Although the same 
preservation technique was used for all specimens in the 
archive, variations in the process (e.g. longer fixation 
times over the weekend or variations in ischemia time) 
can never be excluded. Therefore, particular attention 
must be paid to sample quality control in order to check 
whether certain specimens meet the requirements of 
modern ‘-omics’ methodologies  [20] . As an example, the 
widely used ratio of 18/28s rRNA cannot be applied as a 
quality marker for RNA conservation in FFPE, since after 
formaldehyde fixation, ribosomal RNA is tightly cross-
linked to ribosomal protein complexes and, therefore, not 
properly represented in RNA preparations. Therefore, an 
assay for RNA quality control in FFPE has been devel-
oped, which is based on the quantification of the frag-
ment size of preserved mRNA.

  Several of the above-mentioned limitations of the use 
of archived samples can be avoided with prospectively 
collected material since harvesting, processing, and stor-
age of samples including associated data can be standard-

ized and documented. Although a variety of methods has 
been developed to extract nucleic acids and proteins from 
FFPE tissues, several analytical technologies still rely on 
snap-frozen samples. Hence, systematic collection of ma-
terial for cryopreservation in liquid nitrogen was started 
in the early 1990s. Most cryopreserved material was col-
lected in the context of frozen section diagnosis of surgi-
cal specimens within 10–20 min after surgical removal. 
Recently, cryofixation was also extended to other surgical 
specimens for which frozen section diagnosis is not pre-
formed. A research nurse and a 24-hour standby pathol-
ogy service are in charge of obtaining and cryopreserving 
surgical material. In addition to tissues, corresponding 
blood samples are collected before and after surgery as 
well as during follow-up since matched pairs of diseased 
tissues and blood samples are particularly suited to rapid 
identification of novel biomarkers  [21] . Patient-related 
information, family history, lifestyle data, etc. are collect-
ed in a standardized fashion using questionnaires. Such 
processes of standardized patient sample and data col-
lection can only be established in the context of interdis-
ciplinary cooperations with highly committed project 
partners. Therefore, prospective material collection is fo-
cused on the research priorities of the MedUG in the 
fields of breast, colon and liver cancer as well as on meta-
bolic diseases with special emphasis on metabolic liver 
diseases and tissues affected in the course of the meta-
bolic syndrome ( fig. 3 ).

  In certain disease areas, analysis of human tissue and 
blood samples is complemented by studies using animal 
models for these diseases, such as tumor xenografts in 
nude mice, pharmacological and transgenic models for 

  Fig. 3.  Dual focus of GATiB: archived ma-
terial comprises an exceptionally large 
population-based collection of a non-se-
lected cohort of 700,000 patients. Prospec-
tively collected samples have the main fo-
cus on major human cancers as well as 
metabolic liver diseases and organs affect-
ed by the metabolic syndrome. Tissues and 
associated blood samples as well as pa-
tient-related data are collected in a stan-
dardized fashion. Furthermore, for specif-
ic diseases, animal models are being estab-
lished and validated for their human 
disease relevance. 
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the functional characterization of genes  [22] . The estab-
lishment of animal models in the context of a human bio-
bank also allows detailed comparative studies of models 
and human diseases which is a prerequisite for model val-
idation. Furthermore, in selected cases, primary cell lines 
are established from tumor samples. Importantly, the cell 
lines and xenografts can be directly compared with the 
original human diseased tissue, which is generally not the 
case for conventional tumor cell lines.

  Preservation Techniques 
 The development and validation of new fixation and 

preservation techniques are crucial to guarantee optimal 
future usability of biological material. A series of novel 
techniques are being developed for the collection of fresh 
material and tested in research projects performed in
collaboration with GATiB. These improved techniques 
markedly enhance the value of a tissue bank, allowing 
better analysis of diseased tissue. Currently, new fixation 
procedures for improved preservation of DNA and RNA 
in paraffin-embedded tissues are tested. Moreover, a 
preservation protocol is being optimized for proteomic 
analysis with special emphasis on the detection of post-
translational modifications.

  Analysis Platforms 
 Tissue samples are a valuable and limited resource. 

This necessitates state-of-the-art technologies for analy-
sis to obtain high-quality data. Therefore, it is indispens-
able to integrate analysis platforms within the framework 
of a biobank – not only to guarantee efficient and eco-
nomical use of tissue, but also to ‘transform tissue into 
data’. The transition from a sample-focused to a data-fo-
cused resource may be regarded as characteristic for the 
maturation process of a biobank.

  In the context of the broad spectrum of analysis plat-
forms, which can be applied to tissues, tissue microarray 
technology is of central importance in association with a 
biobank. Hundreds of specimens can be analyzed (e.g. by 
immunohistochemistry, and in-situ hybridization) in a 
single procedure, guaranteeing stable conditions with 
minimal expenditure of time, samples and reagents  [23, 
24] . A proprietary robotic system for automated and 
highly standardized tissue microarray production allow-
ing the analysis of thousands of tissues, which is also suit-
able for industrial applications, has been developed in
cooperation with a biotech company (ORIDIS Biomed 
GmbH). Its key features are precise core selection (digital 
images of HE-stained tissue sections with marks for core 
selection are overlaid with images of the paraffin blocks), 

simultaneous generation of multiple array blocks and au-
tomated documentation of the manufacturing process 
which allows to trace back each tissue core to the original 
sample from which it has been derived.

  IT Infrastructure and Data Security 
 The entire information about the sample collection 

and the associated data is electronically accessible and 
searchable via an Oracle � -based sample database. Sensi-
tive data, such as name, date of birth, which directly iden-
tify the individual, are stored separately and protected by 
high-security measures (firewall, authentication system, 
etc.). Each dataset of different hierarchies is coded with 
individually generated identity numbers, serving as keys 
for project partners. Storing of fully anonymized data is 
not feasible since patients’ identities have to be kept for 
annotation of samples with clinical data, in particular 
follow-up data, or for proper assignment of specimens or 
serum collected at different time points from the same 
patient  [4, 13, 25] . Primary processing of tissue, such as 
extraction of DNA, RNA or proteins, is also documented 
and linked to the data generated from the samples. The 
sample database was designed open, so that any further 
analysis or documentation of specimens can be recorded 
in a growing part of the database.

  The combination of experimental, especially genetic 
data, with patient data requires further measures for data 
protection. In this context, a specific challenge is that the 
patient’s identity can, at least theoretically, be restored 
from coded data through the combination of large data-
sets  [4, 26] . To address this problem, the different data 
sources are integrated in a virtual data warehouse which 
is accessed by a data mart ( fig. 4 ). In this data mart a more 
far-reaching anonymization layer is implemented, which 
is based on the concept of K-anonymity. This allows the 
combination of data only in such a way that a sufficient 
number of data twins is available, which prevents the in-
direct identification of individuals by seemingly ‘inno-
cent’ parameters  [27] . To eliminate identifying parame-
ters, they can be aggregated by different strategies, such 
as transformation (e.g., body weight and size into body 
mass index) or regrouping (e.g., individual age into age 
groups), by the investigator. Parameters can thus be flex-
ibly tuned to the requirements of a particular study with 
a minimal loss of information. Researchers have access to 
coded data records only, the K-anonymity being an ad-
ditional tool for prevention of re-identification of linked 
complex datasets. Mainly for security reasons, an open-
access infrastructure is unacceptable, as it might conflict 
with patients’ rights because of the sensitive nature of the 
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information that can be extracted from tissues linked to 
genetic and clinical data. The wealth of data resulting 
from different domains enables purely data-based exper-
iments without using laboratory facilities (in-silico ex-
periments) and supports goal-directed planning of fur-
ther experiments.

  Ethical, Legal and Social Guidance 
 Biobanks operate at the intersection of the public per-

ception of research and the research community. The 
high operation costs of a biobank require high transpar-
ency and the many contributors need to benefit, and so 
do different project partners and sample donors  [4] . To 
address general demands and concerns of the public as 
well as the perception of GATiB and its international net-
working activities, a subproject within GATiB has been 
set up, which specifically deals with the ethical, legal and 
social issue (ELSI) requirements. This subproject com-
bines empirical research with reflection on the ethical 
and social implications of GATiB. In order to obtain a 
better understanding of the sociopolitical dynamics of 

biobanks, different ones are studied in detail. The project 
will give a global comparative view of major biobanks 
based on empirical on-site visits and evaluations. This, on 
the one hand, provides the basis for close cooperation 
with other similar initiatives worldwide. On the other 
hand, much can be learnt from other major biobank proj-
ects, and these empirical observations and analyses can 
be useful for creating a positive society-biobank interac-
tion. Additionally, ELSI guidance of GATiB is provided 
by an international advisory board consisting of distin-
guished experts in the fields of ethics, social sciences, law 
and data protection.

  Discussion 

 Because of the enormous efforts required to establish 
a population-based biobank, many biobank initiatives fo-
cus their sample collection on a certain disease group 
(e.g. LURIC for cardiovascular diseases  [28] , EPIC for 
cancer  [29] , specific tumor registers, etc.). This has the 

  Fig. 4.  IT infrastructure: a scientific work-
bench supports the access to and combina-
tion of data stored in different databases 
(DB). After defining the parameters for a 
specific experiment the required data are 
materialized in a specific data mart. Only 
coded data are released and an additional 
anonymization layer ensures K-anonymi-
ty. The second interface allows visual data-
mining for ad-hoc grouping, filtering and 
analysis of large and different types of da-
tasets. Furthermore, this interface enables 
data exchange with other biobanks. 
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advantage that sample and data collection procedures are 
specifically designed for the demands related to the dis-
ease of interest. Moreover, research projects can be per-
formed readily after the establishment of a biobank of 
this type. On the other hand, population-based biobanks 
have the advantage of serving as valuable resources for 
genetic epidemiological studies. Furthermore, biomarker 
development requires access to a cohort representing 
most human diseases and corresponding normal tissues. 
The specificity of a biomarker found in a disease-focused 
study can only be properly validated in a population-
based – preferably non-selected – collection, which con-
tains diseased and normal tissues from a broad spectrum 
of different organs (e.g. the healthy organ panel requested 
by the FDA) as well as corresponding blood samples  [30, 
31] . GATiB constitutes a combination of both types in 
that it contains a population-based collection and is now 
expanded by a disease-focused approach.

  The number of samples stored in a biobank is another 
relevant aspect if required to support the needs of person-
alized medicine. For example, breast cancer is a common 
disease and consequently GATiB contains more than 
10,000 breast cancer samples. Nevertheless, molecular 
profiling of specific tumor entities in combination with 
specific treatment regimens in different patient sub-
groups markedly reduces the number of samples fulfill-
ing the inclusion criteria for analysis, so that statistical 
significance is hardly achieved for some rarer constella-
tions. This underlines that only a large number of sam-
ples can provide a sufficient size of specific patient sub-
groups to be useful for evaluating individual variations 
of diseases. This becomes even more critical in highly di-
verse or rare diseases. Therefore, to exploit the full poten-
tial of biobanks, networking between individual bio-
banks is indispensable  [2, 32] . As a prerequisite for inter-
national cooperation it is not only necessary to define 
common standards for sample quality and data formats 

 [33] , but also to consider the differences in ethical, legal 
and social environments in the different countries of 
partner biobanks  [34–36] . Besides public acceptance and 
networking, biobank management and governance needs 
to cover a variety of aspects such as compliance with bio-
safety and biosecurity regulations as well as maintaining 
a balance between sample use and accrual.

  Outlook 
 The amount of diseased tissue which can be collected 

from individual patients will always be very limited, and 
some researchers express concern that tissue banks can-
not meet the growing demand for material  [37] . GATiB’s 
mission is to contribute to the advancement of medicine 
and excellence in research. Although it is established as a 
core facility of the MedUG, it is accessible to the interna-
tional scientific community as well as to industry. How-
ever, GATiB does not act as a tissue distributor but sup-
ports specific research projects of high quality. Analysis 
of the samples has to be performed by using standardized 
and state-of-the-art analysis platforms in a well-coordi-
nated manner to ensure that a broad scientific commu-
nity can build on the data generated. By such a process, 
‘tissue’ is converted to ‘high-quality data’ leading to an 
expanding knowledge base which can be shared with the 
scientific community.
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