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In vitro method development safeguarding 
scientific integrity and quality  

Trusted by decision 
makers

Used by industry
Need approaches and tools to respond to a 
more general "reproducibility crisis" or 
"replication crisis" of scientific results 
++ stimulate a "credibility revolution" 
https://plato.stanford.edu/entries/scientific-reproducibility/
First published Mon Dec 3, 2018
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• FOR THE DEVELOPMENT AND IMPLEMENTATION OF IN VITRO METHODS FOR 
REGULATORY USE IN HUMAN SAFETY ASSESSMENT

• GIVIMP is method centred but includes aspects of
good practices in reporting of mechanistic data, critical to their credibility

• If GIVIMP is properly implemented, this  tool will increase confidence in the 
reliability and integrity of the generated data

•
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It strives to implement good practices early in the in vitro method development 
process

Applying the principles described in GIVIMP during the development of in vitro 
methods will help improve the quality and reliability of methods that are needed to 

support safety decisions.

Tool to improve the efficiency of the whole process from development to final use.
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36 Member Countries + EC
Accession countries: Russia, Columbia, 
and Costa Rica
Key Partners: Brazil, India, China, 
South Africa and Indonesia

August 2018…Support method developers and end-users working in academic, 
industry or government laboratories across all 36 OECD member countries and 

beyond in harmonisation efforts of in vitro methods. 

The development of GIVIMP was coordinated by the European Commission Joint 
Research Centre's EU Reference Laboratory for Alternatives to Animal Testing (EURL 

ECVAM) within the context of a project of the OECD Test Guidelines Programme
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The GIVIMP GD is divided into 10 sections covering:

1. Roles and responsibilities
2. Quality considerations
3. Facilities
4. Apparatus, material and reagents
5. Test systems
6. Test and reference/control items
7. Standard operating procedures (SOPs)
8. Performance of the method
9. Reporting of results
10. Storage and retention of records and materials
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Spain

Belgium1 

European Commission
1 

Germany
1 

The Netherlands
2 

Sweden 1 

Italy
4 Portugal

1 

Czech Republic
1 

Poland 1 

1 

14 EU-NETVAL Thyroid
Validation Study Participants

EURL ECVAM is coordinating a large scale validation study of a set of 
mechanistically informative alternative methods to detect chemicals that 
disrupt normal thyroid hormone function, in collaboration with 14 of the 37 
European Union Network of Laboratories for the Validation of Alternative 
Methods (EU-NETVAL) and the method developers for delivering at OECD 
level.

EU-NETVAL test facilities interact with the in vitro method developers to define the methods and 
establishing SOPs that can run in a GLP/routine environment and assess within laboratory 
reproducibility followed by relevance assessment of the methods using a set of reference compounds.

*under discussion & negotiation

GLP/ISO
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2a. Thyroperoxidase (TPO) 
inhibition based on oxidation 
of Amplex UltraRed

2b. Thyroperoxidase (TPO) 
inhibition based on oxidation 
of Luminol

2c. Tyrosine iodination using 
liquid chromatography

2d. Activation of the sodium 
iodide symporter (NIS) based 
on Sandell-Kolthoff reaction

2. 
Thyroid 

Hormone (TH) 
synthesis

3a. Thyroxine-binding prealbumin
(TTR) / thyroxine-binding 
globulin (TBG) using 
fluorescence displacement 
(ANSA)

3b. Thyroxine-binding prealbumin
(TTR) using fluorescence 
displacement (T4-FITC)

3. 
Secretion and 

transport in 
serum 

4a. Deiodinase 1 activity based on 
Sandell-Kolthoff reaction 

4b. Glucuronidation of thyroid 
hormones (THs) using liquid 
chromatography/mass 
spectrometry (LC/MS) 

4c. Inhibition of thyroid hormones 
(THs)  sulfation using liquid 
chromatography

4. 
Metabolism 

and excretion 

1a. CHO-K1 cells thyrotropin-
releasing hormone (TRH) 
receptor activation (beta-
galactosidase) measuring 
agonist and antagonist 
activities

1b. CHO-K1 cells thyrotropin-
stimulating hormone (TSH) 
receptor activation based on 
cAMP measurement

1. 
Central 

regulation

A total of 17 methods have been identified as candidates by EURL ECVAM taking 
primarily into account the information reported in an OECD scoping document on in 
vitro and ex vivo methods for the identification of modulators of thyroid hormone 
signalling (OECD No. 207), but also an OECD Detailed Review Paper (OECD No. 178), 
and feedback received at various Expert Group meetings. 
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5a. Inhibition of 
monocarboxylate
transporter 8 (MCT8) 
based on Sandell-
Kolthoff reaction

5. 
Local cellular 

concentrations 

6a. Human thyroid hormone 
receptor alpha (TRα) and 
Human thyroid hormone 
receptor beta (TRβ) reporter 
gene transactivation 
measuring agonist and 
antagonist activities

6b. CALUX human thyroid 
hormone receptor beta (TRβ) 
reporter gene transactivation 
measuring agonist and 
antagonist activities

6. 
Cellular 

responses 

7a. Measurement of intrafollicular
thyroxine (T4) using zebrafish 
eleutheroembryos

7. 
Relevant short 
term methods 

integrating 
multiple MoA

8. 
Integrative 

cellular in vitro 
methods

8a. Measurement of proliferation 
of rat pituitary-derived cell 
line GH3

8b. Proliferation, migration and 
oligodendrocyte 
differentiation of human 
neural progenitor cells

PART 1: Definition of the in vitro method 
 produce the related set of SOPs
 Further development of the method if so needed
 assessing robustness and reliability 
 Few chemicals: Reference and controls 
 Experimental study of 5 valid runs …data to assess within laboratory reproducibility

PART 2:  Relevance
 Will start only when the Definition has proven to be successful
 Overall relevance, based on the underlying mechanisms, of the selected

in vitro methods:  a set of chemicals (max. 30) for all methods
 Experimental study of 3 valid runs per test items
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1.1 In vitro method developers
• Sign declaration; inform on IPR
• Declare GM elements
• Provide input to first draft of the outline protocol
• Provide input for choice of reference and control items

1.2 Test system providers
• Sign Material Transfer Agreement, IPR
• Declare GM elements

1.3. Validation bodies (EC JRC EURL ECVAM)
• Overall coordination (incl. all legal agreements…35)
• Provision test systems (characterisation and Qc), compounds, 

outline protocols
1.5 Suppliers of equipment, materials and reagents
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2.4 Quality control of test 
systems

2.5 Quality control of 
consumables and 
reagents
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Cell and tissue culture

Method 
development

Accredited 
testing

Reagent preparation

Analytical laboratories

Operational unit

Cell and tissue
quarantine

Controlled 
storage

Preparation unit

Staff

Waste 
collection/disposal

Logistic

Materials
Movement of staff

Movement of reagents and test, 
reference/control items

Waste collection and movement

Movement of cell cultures

Reception/storage
Materials and

reagents, test systems, 
test, reference/control 

items
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Antibiotics
…may arrest or disrupt fundamental aspects of cell 
biology, and, while they are effective against 
prokaryotic cells (i.e. bacteria), they can causing toxic 
effects in mammalian cells. 

Foetal calf serum

• The use of serum has been discouraged:
the undefined nature of the medium

• batch variability
• potential limitation
• availability of supply.
https://fcs-free.org/

ALTEX. 2018;35(1):99-118
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Annex 1 Annex 2

Master 
Cell 
Bank

WCB 
1

WCB 
2

WCB 
3

WC
B

Quarantine

New Cell 
Line

(Mycoplasma Test)

Working 
Cell 

Banks

Quality 
ControlsFuture 
Needs

19 Test systems 8 animal cell lines (5 with
human inserts)
6 human cell lines

1 human primary cells

2 proteins

1 cellular fraction

1 whole organism

Methodologies testing
Test system acceptance 
criteria

*under discussion & negotiation
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Quality control of

Authentication of human cell lines with DNA profiling using 8 different and highly 
polymorphic short tandem repeat (STR) loci. 
Human samples also tested for presence of mitochondrial DNA sequences from rodent cells as mouse, rat, Chinese and Syrian 
hamster. At a detection limit of 1:105 mitochondrial sequences from mouse, rat or Chinese and Syrian hamster cells were not 
detected in the samples. 

Identification of animal species with DNA Barcoding of Cytochrome Oxidase subunit 1.

Cell line identity & purity

Example of results;  STR profile of a human cell line (left) and DNA sequence of an animal cell 
line (right) 
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 Culturing without antibiotics + microscopic detection of bacteria, fungi, yeast

 Mycoplasma test (PCR and broth agar)

 Presence of human pathogenic viruses (PCR)

Quality control of

Sterility

Example of results; Mycoplasma PCR (left) and microscope image (right)

The following viruses are
checked in rodent cell lines

- Retroviruses (with RT-PCR and
ELISA)

The following viruses are
checked in human cell lines

- Human Immunodeficiency Virus
types 1 and 2

- Hepatitis B and C Viruses
- Human Papilloma Virus
- Xenotropic murine leukemia virus
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sample parental/
reference line comment/match

1b CHO-R, JP09 Puck et al, 1958 COI Barcoding analysis revealed Cricetulus barabensis species,
species-specific

5a MDCK1-MCT8 Gaush et al., 1966 COI Barcoding analysis revealed Canis lupus  species, species-specific

5a MDCK1-pcDNA Gaush et al., 1966 COI Barcoding analysis revealed Canis lupus species, species-specific

6b TRβ-CALUX U-2-OS (DSMZ ACC 
785)

full-matching STR profile of cell line U-2-OS in the reference database, 
authentic
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6. Test and reference/control 
items

6.1 Reference and control 
items
6.3Test item preparation
6.4Concentration range
6.5Solubility
6.6Stability
6.7Solvents



20S. Coecke



21S. Coecke

Performance of the method

8.1 Acceptance criteria
8.2 Experimental design
8.2.1 Plate layout
8.2.2 Data analysis
8.2.3 Outlier detection and removal
8.2.4 Non‐monotonic dose and U‐shaped curves

8.3 In‐house validation of the measurement endpoint(s)
8.3.1 Detection Limits and Cut‐off values
8.3.2 Linearity and dynamic range
8.3.3 Accuracy and precision
8.3.4 Sensitivity and specificity
8.3.5 Repeatability

8.4 Proficiency chemicals
8.5 Data‐intensive in vitromethods
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Thyroid Project: Outline Procedures Oct 2018

• Thawing -> 75% confluence after 72 +/- 4 hours of incubation
• Passage number > 2 and < 30
• Freedom of contamination
• Incubation time: 16 to 32 hours
• 50% and 90% confluent in all the wells
• Test Items must be soluble by visual inspection
• EC50 range reference item DHT (1×E-10 –1×E-9 M)
• CV of estimated log (EC50) reference item  < 1.5%
• Relative induction (%) PC 17α-Methyltestosterone > 30%
• Relative induction (%) NC Corticosterone < 10%
• Minimum fold induction of the highest RI conc. > 20
• Z-factor for DHT data > 0.5
• Maximum 2 concentrations may be excluded from RI curve
• Reference curve 6/8 concentrations acceptable (conditions)
• Max 2 concentrations may be excluded from test item series
• Lowest test item concentration should be at solvent control level
• IC50 range reference item 1×10-7 – 1×10-6 M
• CV of estimated log(IC50) reference item Flutamide < 3%
• Relative induction (%) PC < 60 %
• Relative induction (%) NC > 85 %
• Minimum fold inhibition of the highest RI concentration (C8) > 10
• Z-factor for Flutamide data > 0.5
• Minimum six valid triplicate samples

*

* Incomplete

1st EU-NETVAL validation study AR-CALUX  Method: QC parameters

Towards a Test Guideline for 
Androgen Receptor Transactivation Assays  (ARTA)
Target: WNT review June 2019 /  adoption April 2020
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Once the development and optimisation of the 
method in the developers' laboratory has been 
finalised it is recommended to perform an in-house 
validation of the method prior to routine use.

In vitro method development and 
in-house validation should be considered 
as continuous and inter-dependent.

Major required elements to subject to in-house validation:
1. Aspects of test system
2. and in vitro method details

Initial assessment of method procedures
(Completeness based on EURL ECVAM's experience)
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Major required elements to be reported:
1. Aspects of test system
2. and in vitro method details

Data sharing in public repositories is 
encouraged

Publication of method procedures in on-
line repositories

Transparency
The Transparency and Openness Promotion (TOP) 
guidelines  https://osf.io/ud578/
The Journal of Negative Results in BioMedicine
https://jnrbm.biomedcentral.com/
Etc.
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Data sharing

• Public repositories – guarantee data integrity and access

• Electronic data – format critical for future retrieval
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Annex 1

Major required elements to be 
reported:
1. Aspects of test system
2. and in vitro method details allowing 

QC
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Thyroid Project: Outline Procedures Oct 2018

• Thawing -> 75% confluence after 72 +/- 4 hours of incubation
• Passage number > 2 and < 30
• Freedom of contamination
• Incubation time: 16 to 32 hours
• 50% and 90% confluent in all the wells
• Test Items must be soluble by visual inspection
• EC50 range reference item DHT (1×E-10 –1×E-9 M)
• CV of estimated log (EC50) reference item  < 1.5%
• Relative induction (%) PC 17α-Methyltestosterone > 30%
• Relative induction (%) NC Corticosterone < 10%
• Minimum fold induction of the highest RI conc. > 20
• Z-factor for DHT data > 0.5
• Maximum 2 concentrations may be excluded from RI curve
• Reference curve 6/8 concentrations acceptable (conditions)
• Max 2 concentrations may be excluded from test item series
• Lowest test item concentration should be at solvent control level
• IC50 range reference item 1×10-7 – 1×10-6 M
• CV of estimated log(IC50) reference item Flutamide < 3%
• Relative induction (%) PC < 60 %
• Relative induction (%) NC > 85 %
• Minimum fold inhibition of the highest RI concentration (C8) > 10
• Z-factor for Flutamide data > 0.5
• Minimum six valid triplicate samples

1st EU-NETVAL validation study AR-CALUX  Method: QC parameters

Towards a Test Guideline for 
Androgen Receptor Transactivation Assays  (ARTA)
Target: WNT review June 2019 /  adoption April 2020

Major required elements to be 
reported:
1. Aspects of test system
2. and in vitro method details
It might beneficial to report some of these 
criteria….
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Major required elements to be reported for mechanistic methods and 
the related study results

1. Aspects of test system ?
2. and in vitro method details ?

4a. Deiodinase 1 activity based on 
Sandell-Kolthoff reaction 

4b. Glucuronidation of thyroid 
hormones (THs) using liquid 
chromatography/mass 
spectrometry (LC/MS) 

4c. Inhibition of thyroid hormones 
(THs)  sulfation using liquid 
chromatography

4. 
Metabolism 

and excretion 
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INTRODUCTIONINTRODUCTION
In vitro metabolism (CYP) induction method 
ring trial validation study using  
cryo pHH (3 labs) and cryoHepaRG (3 labs)
incl. aspects of harmonisation

https://tsar.jrc.ec.europa.eu/search-test-methods-
a?search_combined_anonymous=cyp+induction

2018 Reproducibility

Within and between lab 
reproducibility for both methods
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2018 Issues on 
Within and Between  
Laboratory
Reproducibility
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Metabolism 2018 Lead NL: OECD 4.132 Feasibility study TG development

Results 2018 literature analysis:
• Human data on 37 chemicals from 30 publications
• Rat data on 10 chemicals from 15 publications
• Large variation in protocols observed
• Limited information on within-laboratory variation
• Large between-laboratory variation (partly human 

variability)
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human hepatocytes
rat hepatocytes

A framework to characterize in vitro hepatic 
metabolism across species for regulatory 
applications, Sandra Coecke, Camilla Bernasconi, 
Alfonso Lostia, Alicia Paini, Sharon Munn, Olavi 
Pelkonen, Tommy B. Andersson, , Minne Heringa, 
Jochem Louise, Ans Punt, Betty Hackert et al. 
Presentation Workshop on "In vitro comparative metabolism studies 
in regulatory pesticide risk assessment" , 
EFSA, 15-16 November 2018, Parma, Italy

Reproducibility
Too few data to assess 
within laboratory 
reproducibility
Too large variation (%CV) 
between labs  non-
harmonised protocols
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Major required elements to be reported for 
mechanistic
methods and the related study results????

Reporting aspects of test system and 
in vitro method details 
(protocols) and acceptance criteria 
allowing to identify those methodological aspects that are 
likely to affect the study values obtained -> required step 
for international harmonisation of in vitro mechanistic 
study data

Examples of some test system and  in vitro method details

Parameters Protocol EC JRC EURL ECVAM Harmonised

Human 
CryoHepatocytes primary Yes

Source cryopreserved (pooled 10 donors) No

Culture condition in suspension Yes

Culture material 96-well plate No

Medium
WME, 15 mM HEPES, 2 mM L-
glutamine, Insulin, Transferrin, 
Selenium (ITS) 

Yes/No

Concentration 
substrate 1 µM No

Solvent 0.01% DMSO No

Incubation time 0, 15, 30, 60, 90, 120 min No

Use of CO2 incubator yes No

Medium movement yes, shaking Yes

Sampling medium + cells Yes

Cell concentration 0.5 · 106 cells/mL (or 1.0 · 106

cells/mL ?) No

Incubation volume 0.1 mL No

Stop reaction
add equal part solvent (ACN) with
internal standard (70 µL sample + 
70 µL solvent)

No
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Applying GIVIMP during the development of in vitro methods is one of the tools used to 
improve the quality and reliability of in vitro methods and their resulting data contributing 

to a credibility revolution of scientific results

The quality and relevance of mechanistic in vitro method  study data generated are related 
to the methodological aspects  

Reporting test system aspects and the full in vitro method (incl. acceptance criteria) 
allows for detailed systematic reviews understanding variability in the mechanistic study 

data when evaluating their validity



34S. Coecke

Available on OECD e-Library https://doi.org/10.1787/20777876

Also available on the 
OECD Series for Testing and Assessment No. 286
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Collaboration = faster progress

Gerard Bowe

Thyroid team

OECD team

EC JRC Chemicals Safety and Alternative Methods hosting EURL ECVAM

EU-NETVAL meeting  participants

EURL ECVAM first GIVIMP writing team

OECD GIVIMP expert group
DG ENV 

et al.
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Stay in touch
•EU Science Hub: ec.europa.eu/jrc

•Twitter: @EU_ScienceHub #ECVAM

•YouTube: EU Science Hub

•LinkedIn: Joint Research Centre

•Facebook: EU Science Hub - Joint Research Centre

sandra.COECKE@ec.europa.eu
Twitter: @SandraCoecke

LinkedIn: Sandra Coecke


