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Current EU research initiatives

Alternative testing methods have become increasingly

important within EU funding policy. The driving force

behind this push for alternative testing methods is the

urgent need for effective and robust alternative toxicity

tests in order to make the tools available that are necessary

to comply with the 3R-strategy (Replacement, Reduction,

Refinement) that has been built into the European Cos-

metic (Directive 2003/15/EC) and Chemical (REACH)

(Regulation EC No 1907/2006) legislations. Indeed, a

general European policy has to take into consideration the

growing ethical concern of the public with respect to the

use of experimental animals in the risk assessment process

of consumer products. It is reasonable to believe that fur-

ther development and strategic incorporation of recent

progress in different areas of scientific research could lead

to a better and more mechanistically based approach of

studying toxicological problems. In line with this, the

pharmaceutical industry is confronted with unexpected

failures during the drug development process, even late

during the clinical phase. These could not be properly

anticipated. Reasons are in particular safety (hepato- and

cardiotoxicity) as well clinical efficacy of the new chemical

entities. Therefore, incorporation of novel alternative

methods, human based and metabolically functional, is

high on the priority list since the competitiveness of the

European pharmaceutical industry is at stake.

An overview of the different EU initiatives in the con-

text of the 3Rs funded research is given in EUR22846

(European Commission 2008) and in the update

EUR23886 (European Commission 2009). The EU offers

four different funding schemes: (1) Collaborative/Inte-

grated projects, which are medium/large-sized ambitious

projects, usually involving several areas of expertise, (2)

Specific Targeted Research Projects (STREP), representing

smaller networks focussed on specific research issues, (3)

SME-STREP, aimed at supporting research of small- and

medium-sized enterprises (SMEs), and (4) Specific Sup-

port Actions (SSA), for scientific training of personal as

well as organization of conferences, workshops and expert

meetings (EUR22846, EUR23886). The research networks

fall into the categories of high-throughput techniques,

specific toxicity tests and organization of forums and

workshops.
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Limitations of ‘‘one-to-one’’ strategies

A substantial part of current research focuses on ‘‘one-to-

one’’ strategies aimed at replacing a particular in vivo test

by a specific alternative technique. This is currently the

case both in regulatory toxicology as well as in efficacy

testing of substances. In regulatory toxicology, the risk

assessment process of chemical substances and hazard

identification are usually carried out using experimental

animals. A typical example of a replacement methodology

is Episkin� aimed at replacing in vivo skin irritation

assays (EU 2009a B.46; OECD 2009a). The up-and-down

method can reduce the number of animals used in acute

toxicity testing (OECD 2001; OECD 2009b), and a

refinement test is the LLNA test (Local Lymph Node

Assay) (EU 2009b B.42; OECD 2002) for sensitisation

testing. Examples can also be provided for efficacy testing

of new chemical entities that rely solely on animal

experiments. Alternatives currently used and presently

investigated include the robotised enzyme testing aimed at

identifying candidates acting at different stages on a

specific enzymatic pathway, or ligand-based assays (such

as e.g. radioimmunoassays in the past) developed for

assessing effects on a particular target. Unfortunately,

despite the efforts of numerous individuals, including

many highly respected researchers, and the investment of

millions of euros by the European Commission, various

industries, and private institutions, no real breakthrough

has been accomplished yet. Indeed, although the ‘‘one-to-

one’’ replacement strategy has contributed towards the

development of the alternative strategies used today and/

or taken up in the EU regulatory framework, full imple-

mentation of 3R-alternatives has not been achieved. The

in vivo scenario is thus significantly more complex than

envisaged, and substitution by the ‘‘one-to-one’’ in vitro

strategy seems unrealistic. Therefore, it is of utmost

importance to bring innovative ideas to the field of the

3Rs and not limit experimental strategies to simple test

systems and endpoints that are unable to provide a sci-

entifically satisfactory answer to the complex in vivo

reality. Hence, more consideration should be given to the

complexity of the organism, which allows for the better

integration of the information generated into a more solid

decision-making strategy.

Integration of new crosscutting technologies

Important areas for deeper exploitation in alternative test-

ing research correspond to the topics that were identified

by top scientists during the meeting on ‘‘New Perspectives

on Safety’’ organized by epaa (European Partnership for

Alternative Approaches to Animal Testing) in April 2008

(epaa Workshop Report 2008). These key technologies are

as follows.

Toxicogenomics

Progress in this field has been achieved by the identifica-

tion of algorithms that allow classification of toxic mech-

anisms from gene expression data. Examples of such

mechanisms include oxidative stress response, DNA dam-

age response, and responses mediated by activation of

specific receptors. One of the limitations of this approach is

that toxic mechanisms can be identified only qualitatively.

Currently, no clear concept is available on how quantitative

information on in vivo dose–response relationships and

identification of NOELs (no observable effect levels) are to

be obtained. Perhaps, a combination of toxicogenomics

with kinetic modelling may be a perspective and will help

guide in vitro testing at in vivo relevant concentrations

(Thum and Borlak 2008; Glahn et al. 2008; Degen and

Hengstler 2008; Dewa et al. 2007; Sul et al. 2007; Schug

et al. 2008; Ryan et al. 2008; Sistare and Degeorge 2008;

Ellinger-Ziegelbauer et al. 2009).

Metabonomics

The major advantage of using technologies that screen

across many different cellular metabolic parameters is their

ability to produce metabolic fingerprints of toxicants.

Because changes in these metabolites are thought to pre-

cede toxic outcomes, appropriate changes may serve as

early, sensitive indicators of potential toxicity and can then

be used to help guide decision making with regard to

compound classification. An important issue that remains

unsolved is how to integrate metabonomics into testing

strategies. Compared with transcriptomics, metabonomic

approaches have been less frequently used in predictive

toxicology. Yet there are indications that by using global

profiling tools, the predictive value of the metabonomics

data should greatly increase (Nicholson and Lindon 2008;

Pelkonen et al. 2008; Strassburg et al. 2008; Robertson

et al. 2007; Vangala and Tonelli 2007; Lahoz et al. 2007).

Systems biology

As mentioned earlier, more consideration should be given

to the complexity of the organism. Systems biology could

provide some suitable answers as it is concerned with a

global multivariate strategy to cover the full understanding

of the cellular responses during the transition from physi-

ology to pathology. Therefore, predictive models need

to be developed based on the identification, analysis,

and modelling of pathways involved in these processes.

These models should combine high-throughput, systematic
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analysis techniques in genetics, epigenetics, transcripto-

mics, proteomics and/or metabolomics with relevant areas

of informatics/modelling (Naamane et al. 2007; Höhme

et al. 2007; Klingmüller et al. 2006; Schrattenholz and

Soskić 2008; Krewski et al. 2009).

Stem cells

While recent research shows that stem cells have the

potential to differentiate into any cell type, therefore,

providing an unlimited supply of differentiated human cells

for in vitro testing, such goal has not been achieved yet.

The lack in success is in part due to the difficulty of having

fully differentiated and functionally equivalents to primary

cells (Hewitt et al. 2007) indicating a need for further

research to help identify new technologies. Actually,

embryonal as well as adult stem cells are both used and can

be differentiated into functional human target cells of

importance in toxicology. Basic research, however,

remains necessary to understand the different parameters

defining the exposure (time, type, sequence) to individual

key growth factors and cytokines and potential combina-

tions to achieve the appropriate phenotype (Snykers et al.

2007a; Elaut et al. 2006; Brulport et al. 2007; Hengstler

et al. 2005; Aurich et al. 2007; Bonora-Centelles et al.

2008).

Epigenetics

It is known that epigenetic modification of the nucleosomal

chromatin in primary cells and cell lines have great effects

on the differentiation/proliferation status of the cells under

consideration. The best investigated mechanisms in this

respect are histone deacetylation–acetylation and DNA

methylation–demethylation. Both processes could play an

important role in functional stabilization of primary cells as

well as in the ultimate differentiation of stem cells into

functional human cells. The latter is of importance not only

in toxicological processes, but also in the study of the

efficacy of new chemical entities. Future research trends

should focus on the impact of epigenetic modifiers on the

phenotype, with special emphasis on the role of micro

RNAs, as a regulatory platform driving gene expression

(Henkens et al. 2007; Vinken et al. 2006; Snykers et al.

2007b; Eilertsen et al. 2008; Lunyak and Rosenfeld 2008;

Gan et al. 2007; Datta et al. 2008; Costa 2008; Egger et al.

2004; Carthew and Sontheimer 2009).

Integrated testing strategies

One of the most important challenges when attempting to

replace animal experiments is to integrate individual

alternative techniques into a reasonable overall testing

strategy. Ideas to develop such strategies, however, are not

available yet. This requires discussion between academia

scientists, active in the development of alternative meth-

ods, and industry staff involved in the decision-making

process during the development of new chemical entities.

Besides essential networking and collaboration between all

parties involved, a number of available methodologies need

updating and a better definition of their applicability

domain. The lack of xenobiotic metabolizing activity in

most of the existing alternative methods has not been

properly solved and needs to be urgently addressed

(Lilienblum et al. 2008; Bolt and Hengstler 2008a, b; Bolt

et al. 2004).

Modelling

Although systems biology can be seen as a ‘‘modelling’’

technology, other important fields in ‘‘modelling’’ need to be

pursued as well, such as (Q)SAR ((Quantitative) Structure

Activity Relationships) and PBPK (Physiologically based

Pharmacokinetic) modelling with more importance given to

the improvement of biokinetics in order to better guide in

vitro testing at using concentrations that are relevant to the in

vivo situation. Also, further improvement and development

of databases and software are needed in order to facilitate

integration (Jaworska and Nikolova-Jeliazkova 2007; Dorn

et al. 2008; Lu et al. 2008).

Lack of an independent data trader institution

It has been insistently demanded by experts in alternative

testing that existing data—on a worldwide basis—should

be available in order to avoid unnecessary animal testing in

safety and efficacy testing of compounds. However, no

reality proof proposal has been elaborated and put forward.

Best example for this is the lack of an independent, unbi-

ased, worldwide institution which in particular supports

stakeholder parties, by providing unbiased assistance and

advice, or even better, by serving as an independent data

broker. An institution like this was early on demanded in

the academic and industrial scene (Todd et al. 1998) by

alternative methods research scientists and other stake-

holders. The rationale for such an institution is to exchange

data of in vivo, in vitro testing for e.g. validation studies,

which otherwise cannot be used because of being IP- or

submission-regulated data.

There have been a few examples where (Gerbracht and

Spielmann 2001; Box and Spielmann 2005) appropriately

codified data were made available for comparison evalua-

tions, thanks to the intervention of a neutral institution. In

this sense, ‘‘appropriately codified’’ data coming from e.g.

industrial companies could be handled and used by aca-

demics in their research on a worldwide basis. This will
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address the often uttered need for exchange of relevant data

(also emphasized at the epaa Workshop in Brussels, Nov.

3, 2008) by developing an appropriate blueprint for such an

agency or institution. An independent and neutral institu-

tion like this is also highly necessary to allow waiving of

data as described as a tool within REACH legislation

(annex 11) (Regulation EC No 1907/2006) to reduce ani-

mal testing. If such institution is not created, data exchange

will not be possible. ECHA (European Chemicals Agency)

is not allowed to provide data to others, and industries too

may not do it because of anti-trust legislation.

In conclusion, until recently, EU research initiatives

have been aimed at developing specific alternatives that

could replace existing in vivo methods one by one. Time

has come now to abandon these procedures and to pursue a

more advanced strategy by putting more emphasis into the

complexity of the organism as a whole. A first onset of

such thinking has been given by the commission with the

coordination project ‘‘START-UP’’, aimed at identifying

bottlenecks in the use of 3R-alternatives in pharmaceutical

development. We feel that a much more cooperative

approach crosscutting academia, institutions, and industries

has to be developed. Therefore, an important step forward

could be a research-driven follow-up of the cluster of calls

recently launched by DG Research and Colipa (The

European Cosmetics Association) (FP7-Health-2010-

Alternative-Testing) with respect to repeated dose toxicity

testing, aiming to address in an integrated approach all

themes mentioned earlier.
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