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Foreword 

A guidance document on Good In Vitro Method Practices (GIVIMP) for the development 

and implementation of in vitro methods for regulatory use in human safety assessment was 

identified as a high priority requirement by the OECD. The aim of this guidance document 

is to reduce the uncertainties in cell and tissue-based in vitro method derived predictions 

by applying all necessary good scientific, technical and quality practices from in vitro 

method development to in vitro method implementation for regulatory use. This guidance 

document also applies to in vitro methods already accepted by the OECD. 

Development of GIVIMP began in 2013 when the OECD Working Group on Good 

Laboratory Practice (WG GLP) and the Working Group of the National Coordinators of 

the Test Guidelines Programme (WNT) agreed that there was merit in having guidance for 

OECD countries on these important issues. The draft guidance was coordinated by the 

validation body European Union Reference Laboratory for Alternatives to Animal Testing 

(EURL ECVAM) and was accepted on the work plan of the OECD test guideline 

programme in April 2015 as a joint activity between the WG GLP and the WNT. 

The guidance is targeted primarily at users that implement in vitro methods, but 

also provides guidance for in vitro method developers. The document satisfies the 

following objectives; 

1. A detailed update on good practices for state-of-the-art in vitro methods applied to 

regulatory human safety assessment of a variety of compounds. 

2. Guidance to users and implementers of in vitro methods to help to ensure that 

Standard Operating Procedures (SOPs) of such methods are well-designed, robust, 

well-defined and described and can be carried out in a GLP environment, which is 

essential for use in a regulatory context. 

3. Description of the key aspects that may impact the reliability and relevance of the 

in vitro data for quantitative human safety assessment purposes. 

4. Description of the importance of reporting criteria, applying good experimental 

design, establishing acceptance criteria, and performance standards based on 

scientific evidence from the generated in vitro datasets. 

The development and revision of GIVIMP has occurred with input from a large group of 

experts, including experts from both the WG GLP and the WNT. Additionally, an OECD 

GIVIMP expert group (established specifically for GIVIMP) provided input through 

teleconferences, a face-to-face meeting and two rounds of written comments.  

In January 2017 the first round of comments of the OECD WG GLP and nominated experts 

of the OECD WNT were forwarded to EURL ECVAM who incorporated these comments, 

where applicable, and prepared an updated version. The OECD GIVIMP expert group 

addressed specific outstanding issues on the 23 and 24 March 2017 (Annex D: OECD 

GIVIMP meeting 23-24 March, 2017 - participating experts) and agreed on content, 

structure, and wording of the GIVIMP so as to provide the OECD with an updated version 

ready to enter the second OECD commenting round. After this round, during summer 2017, 

EURL ECVAM prepared the final GIVIMP version, which was submitted to OECD for 

adoption. 
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Introduction  

There is a scientific policy and regulatory desire for validated and internationally accepted 

in vitro methods (e.g., OECD test guidelines or ISO standards). To accommodate the needs 

of receiving authorities, a number of in vitro methods, often based on the use of human 

cells and tissues, have been submitted to international validation bodies during the last two 

decennia. It was agreed that technical guidance is needed to standardise and advance the 

development of robust and reliable in vitro methods suitable for regulatory purposes. The 

OECD approached EURL ECVAM to coordinate the drafting of GIVIMP for the 

development and implementation of in vitro methods for regulatory use in human safety 

assessment which is also equally applicable to non-guideline or not internationally 

recognised in vitro methods. 

An Expert Group was established in 2015 to develop such a guidance document. The first 

draft of the guidance document was prepared following a GIVIMP meeting on the 24 and 

25 February 2015 in Ispra, Italy (Annex C: EURL ECVAM GIVIMP meeting 24-25 

February 2015) with additional input from experts who could not be present at the meeting. 

Expert input was received from EURL ECVAM, European receiving authorities (European 

Food Safety Authority EFSA, European Medicine Agency EMA, European Chemicals 

Agency ECHA), from the European Union Network of Laboratories for the Validation of 

Alternative Methods (EU-NETVAL, e.g., from the Belgian, Dutch, Italian, Spanish and 

Swedish laboratories), from ECVAM's Stakeholder Forum (ESTAF, e.g., the European 

Society of In vitro Toxicology), from the EU and OECD Working Group on Good 

Laboratory Practice GLP (e.g., delegates from Belgium, The Netherlands, The United 

Kingdom, Poland, Italy, France, Singapore), from Replacement, Reduction and Refinement 

(3Rs) Centres (e.g., Centre for Alternatives to Animal Testing, CAAT), from regulatory 

agencies (e.g., RIVM), from scientists from large industries, Small and Medium Enterprises 

(SMEs) and from international scientists with expertise in stem cells, cell biology, GLP 

and in vitro methods.  

Following the first OECD commenting round of the draft document that took place in the 

autumn of 2016, a draft version, revised by the OECD Working Group on GLP (WG GLP) 

and the nominated experts from the Working Group of the National Coordinators of the 

Test Guidelines Programme (WNT), was circulated in September and November 2016 for 

review by all 37 members of EU-NETVAL. The OECD GIVIMP Expert Group provided 

input through teleconferences, a face-to-face meeting (Annex D: OECD GIVIMP meeting 

23-24 March, 2017), and two rounds of written comment. The group agreed on content, 

structure, and wording of the GIVIMP. A further commenting round following revision of 

Chapter 4.3 on media (specifically, the use of animal serum in cell culture) and Chapter 8 

on method performance, by the VMG-NA and GIVIMP Expert Groups, took place in 

November 2017.   

GIVIMP has been updated by Sandra Coecke and Gerard Bowe, and the members of the 

OECD GIVIMP expert group. 
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Executive summary 

The rapid expansion in in vitro methods, along with improved understanding of the 

biological processes involved in toxicological sequelae, have facilitated the development 

of a variety of predictive in vitro methods.  These in vitro methods can be robust alternatives 

to using animals to identify and characterise chemical safety hazards. In some regulatory 

sectors, recent changes in regulation now accept, or in some cases, require, in vitro data in 

lieu of data from animal studies.  When the scientific suitability has been demonstrated, the 

use of in vitro methods can reduce the resources required and increase the efficacy of 

chemical safety evaluation. In order for these alternatives to be used in regulatory decision 

making the scientific integrity and quality assurance must be assured.   

The Guidance Document on Good In Vitro Method Practices (GIVIMP) for the 

development and implementation of in vitro methods for regulatory use in human safety 

assessment was developed as a reference for best practices and as a tool to avoid a 

reproducibility crisis in in vitro toxicological science.  The project was a joint activity of 

the Working Group on Good Laboratory Practises and the Working Group of the National 

Coordinators to the Test Guidelines Programme. The document includes guidance for 

developing and using in vitro methods for chemical safety assessment, as well as guidance 

for the laboratory environment in which test data are generated and recorded.  The project 

was coordinated by the European Union Reference Laboratory for alternatives to animal 

testing (EURL ECVAM) of the European Commission's Joint Research Centre (JRC) with 

the aim of reducing the uncertainties in cell and tissue-based in vitro method derived 

predictions. The GIVIMP includes a glossary of terms to assure developers and end users 

begin with a common understanding and tackles ten important aspects related to in vitro 

work. 

Chapter 1: Roles and responsibilities, describes the roles of key players over the life cycle 

of in vitro method development and use for safety assessment and provides guidance for 

improving regulatory acceptance of the method and resulting data.  Chapter 2: Quality 

considerations discusses requirements for development and implementation of in vitro 

methods and considerations to assure the integrity of resulting data.  Chapter 3: Facilities, 

details considerations for the physical environment in which in vitro cell and tissue culture 

are performed to limit impacts that may adversely impact the science.  Chapter 4: 

Apparatus, material and reagents indicates quality requirements for equipment and reagents 

and includes recommendations to improve reproducibility of the method and results.  

Chapter 5: Test systems, describes best practices for storage, handling, authentication and 

characterisation of cell and tissue-based test systems.  Chapter 6: Test and reference/control 

items, provides information on how to assess test system and test item interactions to assure 

accurate and reliable exposure and avoid in vitro method interference due to insolubility 

and other limitations.  Chapter 7: Standard operating procedures, recommends a process 

for simplifying the work of personnel using the in vitro method to assure similar process is 

followed each time the in vitro method is used and reduce variability due to deviations from 

a fixed methodology.  Chapter 8: Performance of the method, describes elements of the 

experimental design such as plate layout, data analysis, assessment of linearity, and 
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accuracy to ensure the method is preformed correctly and the endpoint is reliable.  Chapter 

9: Reporting of results includes guidance on including appropriate detail and recording 

practises in scientific publications, as well as all related documents, to improve 

transparency and reproducibility of the method and results.  Chapter 10: Storage and 

retention of records discusses requirements for traceability, storage, verification and 

transmission of data throughout the life cycle of the in vitro method.  Key messages and 

content are highlighted at the beginning of each of the ten sections.  Also included in the 

GIVIMP are eight annexes that provide detailed and directed guidance on specific topics 

related to good in vitro methods practices. 
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Scope  

The major goal of GIVIMP consists of improving the reliability and robustness of in vitro 

methods, reducing the uncertainties of in vitro based predictions and therefore increasing 

the acceptance of the in vitro estimated safety measures by regulatory agencies. The scope 

of the GIVIMP guidance, taking into account good scientific, technical and quality 

practices, is to ensure that the overall process, starting from in vitro method development 

to the final in vitro method implementation for regulatory use is more efficient and 

effective.  

The document emphasis is mainly on human safety assessment using mammalian cell and 

tissue cultures. It may, however, be broadened to other fields such as environmental safety 

assessment, gene therapy and immunology domains. It is mainly focused on more 

commonly used 2D cell and tissue culture systems, but may also be applied to other test 

systems such as 3D cultures, whole organ systems etc. (Fennema et al., 2013; Matsusaki et 

al., 2014)..  

The document applies mainly to current test systems, practices, trends and processes. If and 

when felt relevant the WNT will be tasked with issuing a new version. In the various 

chapters different types of 2D and 3D test systems (cell lines, co-cultures, primary cells, 

stem cells and tissue cultures) have been provided as examples, however it should also be 

stated that there are still some reliability issues with the use of some of these test systems 

for current regulatory testing (e.g., the current "irreproducibility epidemic", challenging 

scientific questions related to 3D systems) (Frye et al., 2015). Therefore, there was a 

consensus amongst the OECD GIVIMP expert group that some of the more complex test 

systems may not yet be at the level required for use in the OECD test guidelines 

programme, however they may be accepted in the future when the reliability issues are 

worked out. 

In this guidance the OECD Good Laboratory Practice (GLP) term test item is used, where 

possible, since its applicability ranges from pure substances, mixtures, multi-constituent 

substances to other types of test items (e.g., nanoparticles, medical devices).  

This guidance document targets all players involved in the process, e.g., in vitro method 

developers, in vitro test system producers, validation bodies, producers of equipment, 

materials and reagents, in vitro method users, testing laboratories, large industries and small 

to medium enterprises as well as receiving authorities, monitoring authorities, accreditation 

bodies and the OECD. The guidance aims to further facilitate the application of the OECD 

Mutual Acceptance of Data (MAD) agreement to data generated by in vitro methods and 

as such contribute to avoiding unnecessary duplicate testing. This guidance describes the 

areas related to in vitro method development, standardisation, harmonisation, and 

international acceptance that would benefit from more detailed scientific, technical and 

quality guidance. 

The GIVIMP document has been written with different users in mind, including GLP test 

facilities but also research laboratories developing new in vitro methods. In the latter case, 
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full compliance with GIVIMP may not be realistic, but compliance with as many as 

possible of the "good practices" will facilitate the acceptance and routine use of the in vitro 

method in a regulatory environment. 

GIVIMP is not intended to duplicate or replace existing OECD guidance or advisory 

documents but is complementary, addresses specific gaps and aims to collect available 

references and information on best scientific, technical and quality practices in one 

document.  

GIVIMP is divided into ten 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 

8. Performance of the method 

9. Reporting of results 

10. Storage and retention of records and materials 

At the beginning of each chapter a summary box with the key message, key content, 

guidance for improved practice, and recommendations is included. Abbreviations are 

repeated per chapter since some readers might read only one chapter, i.e. each chapter may 

be considered as a separate document. Abbreviations are presented in full at the first 

occurrence per chapter, For the remainder of the chapter only the abbreviation is used. 

Throughout this document, the word must is used to denote an obligation; instances of must 

are also often specific to particular context. We use the word should (be) to convey a 

recommendation and that there may exist valid reasons in particular circumstances to 

disregard the recommendation, but the full implications must be understood and carefully 

weighed (and documented). The word may (be) is generally used to convey an advice and 

is as such truly optional. 
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Glossary 

All terms and their descriptions should be considered as working definitions for the purpose 

of this Guidance Document only. 

Acceptance criteria: Criteria for when results can be accepted, i.e. a set of well-defined 

parameters describing aspects of the in vitro method such as range for positive and negative 

controls.  

Accuracy: Refers to the closeness of a measured value to a standard or known value. 

Authentication: Authentication of a cell line is the sum of the process by which a line's 

identity is verified and shown to be free of cross-contamination by other cell lines and/or 

contamination caused by bacteria, yeast or fungi, mycoplasm. 

Adverse Outcome Pathway (AOP): An analytical construct that describes a sequential 

chain of causally linked events at different levels of biological organisation that lead to an 

adverse human health or environmental effect. 

American National Standards Institute (ANSI): A private non-profit organisation that 

oversees the development of voluntary consensus standards for products, services, 

processes, systems, and personnel in the United States. https://www.ansi.org/ 

American Society for Testing and Materials International (ASTM): An international 

standards organisation that develops and publishes voluntary consensus technical standards 

for a wide range of materials, products, systems, and services. https://www.astm.org/ 

Amplicon: A piece of DNA or RNA that is the source and/or product of natural or artificial 

amplification or replication events. It can be formed using various methods including 

Polymerase Chain Reactions (PCR), ligase chain reactions, or natural gene duplication. 

Apoptosis: Process of programmed cell death generally characterised by distinct 

morphological characteristics and energy-dependent biochemical mechanisms. Apoptosis 

is considered an essential component of various processes including normal cell turnover, 

proper development and functioning of the immune system, hormone-dependent atrophy, 

embryonic development and chemical-induced cell death. 

Archive: A designated area or facility (e.g., cabinet, room, building or computerised 

system) for the secure storage and retention of records and materials. 

Assay: A defined laboratory procedure for qualitatively or quantitatively measuring the 

presence or amount or the functional activity of a target or analyte. An assay can be 

considered as a technical operation that consists of determination of one or more 

characteristics of a given product, process or service according to a specified procedure.  

Batch/Lot: A specific quantity of a test item, reference item or test system such as cells, 

tissues, assay reagent or other consumable, produced during a defined cycle in such a way 

that it could be expected to be of a uniform character and should be designated as such.  

https://www.ansi.org/
https://www.astm.org/
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BenchMark Dose (BMD) or Concentration (BMC): The dose or concentration 

associated with a pre-specified biological response. It was developed as an alternative to 

the use of No Observed Adverse Effect Level (NOAEL) and Lowest Observed Adverse 

Effect Level (LOAEL). 

Best practice: Generally accepted optimal methods or techniques that have consistently 

shown superior results among different labs as compared to those achieved with other 

means, and that is used as a benchmark. The term is also used to describe the process of 

developing and following a standard way of doing things that multiple organisations can 

use. Best practices are a snapshot and can be subject to change based on ongoing scientific 

dialogue and advancements. 

Between-laboratory assessment: Phase of method validation, also often referred to as 

between (or inter) laboratory validation, in which different operators in different 

laboratories perform (or run) the in vitro method independently to establish whether or not 

an in vitro method can be successfully established in different laboratories, e.g., to assess 

the between laboratory reproducibility (BLR).  

Biokinetics: Time-course of a chemical (substance and mixture) and its metabolites in a 

living organism, i.e., increase or decrease of substance concentration at the site of 

measurement due to transport or due to formation or breakdown.  

Biological pathway: A series of actions among molecules in a cell that leads to a certain 

product or a change in the cell. Such a pathway can trigger the assembly of new molecules, 

such as a lipid or protein. Pathways can also turn genes on and off, or spur a cell to move. 

Some typical types of biological pathways are metabolic pathways and signalling 

pathways.  

Carcinogenicity: The property of any agent (chemical, physical or biological agent) 

directly involved in causing cancer (carcinogen).  Carcinogenicity results in an increased 

incidence of tumours, increased proportion of malignant tumours or a reduction in the time 

to appearance of tumours, compared with concurrent control groups. The process of 

carcinogenesis involves the transition of normal cells into cancer cells via a sequence of 

stages that may entail both genetic alterations (i.e. mutations) and non-genetic events. 

Coefficient of Variation (CV): A measure of spread that describes the amount of 

variability relative to the mean. Because the coefficient of variation is per definition 

unrelated to the magnitude of the mean and also unitless, it can be used instead of the 

standard deviation to compare the spread of data sets that have different units or different 

means. 

Comparative Genomic Hybridisation analysis (aCGH): A molecular cytogenetic 

method for analysing copy number variations relative to ploidy level in the DNA of a test 

sample compared to a reference sample, without the need for culturing cells. The aim of 

this technique is to quickly and efficiently compare two genomic DNA samples arising 

from two sources, which are most often closely related, because it is suspected that they 

contain differences in terms of either gains or losses of either whole chromosomes or 

subchromosomal regions (a portion of a whole chromosome). 

Computerised system: A computerized system is a function (process or operation) 

integrated with a computer system and performed by trained personnel. The function is 

controlled by the computer system. The controlling computer system is comprised of 

hardware and software. The controlled function is comprised of equipment to be controlled 

and operating procedures performed by personnel. 
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Cytotoxicity: General cytotoxicity (or basal cytotoxicity) is the result of toxic effects on 

structures and functions common to all cells of the body, such as DNA, chromosomes, 

mitochondria, the cytoskeleton and various membranes.  

Data (derived data): Derived data depend on raw data and can be reconstructed from raw 

data (e.g., final concentrations as calculated by a spreadsheet relying on raw data, result 

tables as summarised by a LIMS, etc.). 

Data (raw data): Data (raw data) may be defined as measurable or descriptive attribute of 

a physical entity, process or event. The GLP Principles define raw data as all laboratory 

records and documentation, including data directly entered into a computer through an 

automatic instrument interface, which are the results of primary observations and activities 

in a study and which are necessary for the reconstruction and evaluation of the report of 

that study. 

Data integrity: The extent to which all data are complete, consistent and accurate 

throughout the data lifecycle. 

Data lifecycle: All phases in the life of the data (including raw data) from initial generation 

and recording through processing (including transformation or migration), use, data 

retention, archive / retrieval and destruction (if applicable)  

Defined Approach to Testing and Assessment: A defined approach consists of a fixed 

data interpretation procedure (DIP) (e.g. statistical, mathematical models) applied to data 

(e.g., in silico predictions, in chemico, in vitro data) generated with a defined set of 

information sources to derive a prediction. In contrast to the assessment process within 

Integrated Approaches to Testing and Assessment (IATA), that necessarily involves some 

degree of expert judgment, predictions generated with defined approaches are rule-based 

and can either be used on their own if they are deemed to fit-for-purpose or considered 

together with other sources of information in the context of IATA 

Design Qualification (DQ): Documented verification that the proposed design of the 

facilities, equipment, or systems is suitable for the intended purpose. This definition is 

applicable for complex instrumentation (computerised systems). 

Effective Concentration 50 (EC50) and Inhibition Concentration 50 (IC50): In in vitro 

cell and tissue culture, EC50 is the concentration causing a half-maximal response for any 

measured biological effect of interest, and is equivalent to median effective dose (ED50) 

and median lethal dose (LD50) used in animal experiments. EC50 is used for read-outs that 

increase with concentration, whereas IC50 is used in case of an in vitro method where there 

is a decline in read-out. IC50 is therefore the test item concentration causing a reduction of 

response/binding etc. by half.  

Emulsion: A stable dispersion of liquid droplets in another liquid, where the two are 

immiscible. 

Engelbreth-Holm-Swarm (EHS) gel: Gelatinous protein mixture secreted by an EHS 

mouse sarcoma cells which are rich source of basement membrane components often used 

in cell and tissue culture work. 

EURL ECVAM Database service on Alternative Methods (DB-ALM): A database 

providing comprehensive descriptions of non-animal methods together with related 

information. Method descriptions are provided at two levels of detail, such as Summary 

Descriptions in an OECD compliant format (OECD, 2014)  and/or detailed Standard 

Operating Procedures. DB-ALM originates from a requirement for EURL ECVAM to 
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establish and manage public databases on alternative approaches as described in Annex VII 

of Directive 2010/63/EU on the protection of animals used for scientific purposes. 

https://ecvam-dbalm.jrc.ec.europa.eu  

EURL ECVAM Scientific Advisory Committee (ESAC): Advises the European Union 

Reference Laboratory (EURL) ECVAM on scientific issues. ESAC's main role is to 

conduct independent peer reviews of validation studies of alternative test methods, 

assessing their scientific validity for a given purpose. 

European Union Reference Laboratory on Alternatives to Animal Testing (EURL 

ECVAM): ECVAM was established in 1991 pursuant to a requirement in Directive 

86/609/EEC that the European Commission (EC) and its member states actively support 

the development, validation, and acceptance of methods to replace, reduce, or refine the 

use of animals in laboratories.  The activities of ECVAM were assumed by the European 

Union Reference Laboratory on Alternatives to Animal Testing (EURL ECVAM), which 

was formally established in 2011 as the Union Reference Laboratory specified in section 

47, Article 48, and Annex VII of the European Commission’s Directive 2010/63/EU. 

https://eurl-ecvam.jrc.ec.europa.eu/ 

European Chemicals Agency (ECHA): Agency of the European Union (EU) that 

manages technical, scientific and administrative aspects of EU chemicals legislation, 

notably the regulation on the Registration, Evaluation, Authorisation and Restriction of 

Chemicals (REACH). https://echa.europa.eu/ 

European Directorate for the Quality of Medicines & HealthCare (EDQM): 

Organisation that is responsible for the European Pharmacopoeia and the European 

Biological Standardisation Programme. https://www.edqm.eu/ 

European Food Safety Authority (EFSA): Agency of the European Union that provides 

independent scientific advice in the fields of food and feed safety, animal health and 

welfare, plant protection and plant health and communicates on existing and emerging risks 

associated with the food chain. http://www.efsa.europa.eu/ 

European Medicines Agency (EMA): Agency of the European Union that is responsible 

for the protection of public and animal health through the scientific evaluation and 

supervision of medicines. http://www.ema.europa.eu/ 

European Union Network of Laboratories for the Validation of Alternative Methods 

(EU-NETVAL): A network of highly qualified laboratories to (1) respond to some of the 

provisions of Directive 2010/63/EU, (2) generate in vitro method information that is 

reliable, relevant and based on current best quality and scientific practices, (3) increase the 

European Commission's validation capacity of in vitro methods and (4) provide a 

laboratory network knowledgeable on the routine implementation of good in vitro method 

practices for regulatory use in human safety assessment. https://eurl-ecvam.jrc.ec.europa.eu/eu-

netval 

Foetal Bovine/Calf Serum (FBS/FCS): Foetal bovine serum or often referred to as foetal 

calf serum is the liquid fraction of clotted blood (depleted of cells, fibrin and clotting 

factors, but containing a large number of nutritional (e.g., amino acids, sugars, lipids) and 

macromolecular factors (e.g., growth factors and hormones) considered by a large 

community to be essential for cultured cell growth. FBS/FCS is derived from the blood 

drawn from a bovine foetus via a closed system of collection at the slaughterhouse. It is the 

most widely used growth supplement for cell and tissue culture media because of its high 

content of embryonic growth promoting factors and its low level of antibodies. When used 

https://ecvam-dbalm.jrc.ec.europa.eu/
https://ecvam-dbalm.jrc.ec.europa.eu/
https://eurl-ecvam.jrc.ec.europa.eu/
https://echa.europa.eu/
https://www.edqm.eu/
http://www.efsa.europa.eu/
http://www.ema.europa.eu/
https://eurl-ecvam.jrc.ec.europa.eu/eu-netval
https://eurl-ecvam.jrc.ec.europa.eu/eu-netval
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at appropriate concentrations it may supply many defined but also undefined components 

that have been shown to satisfy specific metabolic requirements for the culture of cells and 

tissues. 

Genetically Modified Organisms (GMOs): An organism in which the genetic material 

has been altered in a way that does not occur naturally by mating and/or natural 

recombination. 

Good Cell Culture Practice (GCCP): Guidelines developed in 2005 to define minimum 

standards in cell and tissue culture work. This GCCP guidance lists a set of six principles 

intended to support best practice in all aspects of the use of cells and tissues in vitro, and 

to complement, but not to replace, any existing guidance, guidelines or regulations.  

Good Laboratory Practice (GLP): A quality system concerned with the organisational 

process and the conditions under which non-clinical health and environmental safety 

studies are planned, performed, monitored, recorded, archived and reported. GLP in this 

document refers to the OECD Principles of GLP (OECD, 1998a) unless otherwise stated. 

Hazard: An intrinsic feature of a stressor (e.g., chemical or physical in nature) to cause 

harm or adverse effects to human health and to the environment. It is a qualitative (for 

example in the case of classifications) or quantitative expression of the adverse effects 

elicited by a test item under defined conditions of exposure.  

High Performance Liquid Chromatography (HPLC): High performance liquid 

chromatography (or high-pressure liquid chromatography) is a chromatographic technique 

that can separate a mixture of compounds when in solution and is used in biochemistry and 

analytical chemistry to identify, quantify and purify the individual components of the 

mixture. 

High-Efficiency Particulate Air (HEPA): A type of air filter, also sometimes called high-

efficiency particulate arrestance, with a minimum efficiency rating of 99.97% for the 

removal of 0.3 μm diameter or larger particulate matter1.  

High-Throughput Screening (HTS): A scientific approach relevant to chemistry and 

biology in which a very large number (e.g., tens of thousands per day) of experimental 

samples are subjected to testing under given conditions in a prescribed procedure.  

In silico: The technique of performing experiments via computer simulations. Examples 

are Structure-Activity Relationships (SAR) and Quantitative Structure-Activity 

Relationships (QSAR). 

In vitro : The technique of performing a given experiment in a test tube, or, more generally, 

in a controlled environment outside of a living organism.  

In Vitro to In Vivo Extrapolation (IVIVE): The qualitative or quantitative transposition 

of experimental results or observations made in vitro to predict phenomena in vivo, i.e. in 

whole organisms. 

In vivo : Experimentation using a whole, living organism as opposed to a partial or dead 

organism, or an in vitro controlled environment. Animal testing and clinical trials are two 

forms of in vivo research. 

Inhibitor or spiked up control: Mix of test item and positive control to assess any effect 

of inhibition of the test item on the test system endpoint measurements.  

Installation Qualification (IQ): The documented verification that the facilities, systems 

and equipment, as installed or modified, comply with the approved design and the 
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manufacturer’s recommendations. This definition is applicable for complex 

instrumentation (computerised systems). 

Integrated Approaches to Testing and Assessment (IATA): IATA are pragmatic, 

science-based approaches for chemical hazard characterisation that rely on an integrated 

analysis of existing information coupled with the generation of new information using 

testing strategies. 

Integrated Testing Strategies (ITS): ITS provide guidance on how various types of 

available data (including those obtained from in vitro testing methods or assays) should be 

evaluated, and addresses additional aspects on some elements such as the use of other 

toxicity data or weight of evidence analysis of existing and relevant data. 

Intellectual Property Rights (IPR): The rights given to persons over the creations of their 

minds. They usually give the creator an exclusive right over the use of his/her creation for 

a certain period of time (WTO)2. 

Interagency Coordinating Committee on the Validation of Alternative Methods 

(ICCVAM): ICCVAM is a permanent committee of the NIEHS under the National 

Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological 

Methods (NICEATM). ICCVAM is composed of representatives from 16 U.S. Federal 

regulatory and research agencies that require, use, generate, or disseminate toxicological 

and safety testing information. 

https://ntp.niehs.nih.gov/pubhealth/evalatm/iccvam/index.html 

International Cell Line Authentication Committee (ICLAC): ICLAC is a voluntary, 

independent scientific committee that aims to make cell line misidentification more visible 

and promote authentication testing to combat this problem. http://iclac.org/ 

International Council for Harmonisation (ICH): ICH's mission is to achieve greater 

harmonisation worldwide to ensure that safe, effective, and high quality medicines are 

developed and registered in the most resource-efficient manner. The ICH brings together 

the receiving authorities and pharmaceutical industry to discuss scientific and technical 

aspects of drug registration. Harmonisation is achieved through the development of ICH 

Guidelines via a process of scientific consensus with regulatory and industry experts 

working side-by-side. Key to the success of this process is the commitment of the ICH 

regulators to implement the final Guidelines. http://www.ich.org/home.html 

International Organization for Standardization (ISO): ISO is an independent, non-

governmental international organisation that brings together experts to share knowledge 

and develop voluntary, consensus-based, market relevant International Standards that 

support innovation and provide solutions to global challenges. https://www.iso.org/ 

International Uniform ChemicaL Information Database (IUCLID): A software 

application designed to capture, store, maintain and exchange data on intrinsic and hazard 

properties of chemicals (substances and mixtures). The freely downloadable tool assists 

chemical companies globally to fulfil their obligation to submit data to the EU Chemicals 

Agency (ECHA) under the Registration, Evaluation, Authorisation and Restriction of 

Chemicals (REACH) Regulation (Regulation (EC) No 1907/2006). 

In vitro method developer: The person or entity who develops an in vitro method destined 

for regulatory use in human or environmental safety assessment. 

ISO 9000: The ISO 9000 family of quality management standards is designed to help 

organisations ensure that they meet the needs of customers and other stakeholders while 

https://ntp.niehs.nih.gov/pubhealth/evalatm/iccvam/index.html
http://iclac.org/
http://www.ich.org/home.html
https://www.iso.org/
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meeting statutory and regulatory requirements to a product or program. ISO 9000 deals 

with the fundamentals of quality management systems. 

Japanese Center for the Validation of Alternative Methods (JaCVAM): Promotes the 

3Rs in animal experiments for the evaluation of chemical substance safety in Japan and 

establishes guidelines for new alternative experimental methods through international 

collaboration. http://www.jacvam.jp/en/ 

Korean Centre for the Validation of Alternative Methods (KoCVAM): KoCVAM was 

established in 2009 as part of the National Institute of Food and Drug Safety Evaluation 

(NIFDS) under the Korean Food & Drug Administration (KFDA). In March 2013, the 

KFDA was restructured and renamed as the Ministry of Food and Drug Safety (MFDS). 

http://www.nifds.go.kr/en/inter/kocvam.jsp 

Lactate DeHydrogenase (LDH): An enzyme that helps the process of turning sugar into 

energy for cells to use. LDH is present in many kinds of organs and tissues throughout the 

body, including the liver, heart, pancreas, kidneys, skeletal muscles, brain, and blood cells. 

An LDH assay is a means of measuring either the number of cells via total cytoplasmic 

LDH or membrane integrity as a function of the amount of cytoplasmic LDH released into 

the medium. 

Limit Of Detection (LOD): The LOD is the lowest quantity of a substance that can be 

distinguished from the absence of that substance (a blank value) within a stated confidence 

limit (generally 1%).  

Limits Of Quantification (LOQ): The Lower Limit Of Quantification (LLOQ) and Upper 

Limit Of Quantification (ULOQ) are the lowest and highest quantity of a substance that 

can be quantitatively determined with a stated acceptable precision and accuracy, under 

stated experimental conditions.  

Lipophilicity: The ability of a chemical (substance and mixture) to dissolve in non-polar 

environments such as oils, lipid membranes, and non-polar solvents such as hexane or 

toluene. 

Mass Spectrometry (MS): An analytical technique that measures the mass-to-charge ratio 

of charged particles. It is used for determining masses of particles, for determining the 

elemental composition of a sample or molecule, and for elucidating the chemical structures 

of molecules such as peptides and other chemical compounds.  

Medical device: An article, instrument, apparatus or machine that is used in the prevention, 

diagnosis or treatment of illness or disease, or for detecting, measuring, restoring, 

correcting or modifying the structure or function of the body for some health purpose. 

Typically, the purpose of a medical device is not achieved by pharmacological, 

immunological or metabolic means (WHO3). 

Metadata: Metadata are data that describe the attributes of other data, and provide context 

and meaning. Typically, these are data that describe the structure, data elements, inter-

relationships and other characteristics of data. They also permit data to be attributable to 

an individual. 

Method endpoint: Quantitative or quantitative measurable characteristics that serve as 

indicators of a putatively pathologic process or related biochemical or molecular events, 

e.g., measured absorbance in a cytotoxicity assay or a skin irritation in vitro method. 

http://www.jacvam.jp/en/
http://www.nifds.go.kr/en/inter/kocvam.jsp
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Me-too test method: A colloquial expression for a test method that is structurally and 

functionally similar to a validated and accepted reference test method. Such a test method 

would be a candidate for catch-up validation (OECD, 2005). 

Microorganism: Any microbiological entity, cellular or non-cellular, capable of 

replication or of transferring genetic material, including viruses, viroids, animal and plant 

cells in culture. 

Minimal Essential Medium (MEM): A synthetic cell culture media for in vitro cell and 

tissue culture work, developed by Harry Eagle, one of the most widely used synthetic cell 

culture media. 

Minimum Significant Ratio (MSR): Parameter that can be used to quantify assay 

reproducibility and resolution (the smallest ratio between two compound potencies which 

can be detected in the in vitro method).  

Ministry of Agriculture, Forestry and Fisheries (MAFF): Japanese Ministry related to 

agricultural, forestry and fisheries products, covering from production to consumption and 

also to rural development and promotion of the welfare of rural inhabitants with a view to 

achieving a stable supply of food, sound development of the agriculture, forestry and 

fisheries industries and upgrading of the welfare of rural inhabitants. 

http://www.maff.go.jp/e/ 

Ministry of Health, Labour and Welfare (MHLW): Japanese Ministry responsible for 

the approval and administration of drugs, medical devices and cosmetics in Japan. 

http://www.mhlw.go.jp/english/ 

Mixture: A combination of two or more chemicals (liquid or solid) that do not react with 

each other.  

Molecular Initiating Event (MIE): The initial interaction between a molecule and a 

biomolecule or biosystem that can be causally linked to an outcome via a pathway. 

Multi-constituent substance: A substance, defined by its quantitative composition, in 

which more than one main constituent is present in a concentration ≥ 10% (w/w) and < 

80% (w/w). A multi-constituent substance is the result of a manufacturing process. The 

difference between mixture and multi-constituent substance is that a mixture is obtained by 

blending of two or more substances without chemical reaction. A multi-constituent 

substance is the result of a chemical reaction. 

 Mutual Acceptance of Data (MAD): The OECD MAD is a multilateral agreement which 

states that test data generated in any member country in accordance with OECD Test 

Guidelines and GLP shall be accepted in other member countries for assessment purposes 

and other uses relating to the protection of human health and the environment. The 

application of MAD avoids unnecessary and costly duplication of testing as well as non-

tariff barriers to trade. In addition, it reduces the number of laboratory animals used for in 

vivo testing.  

Nanomaterial: A natural, incidental or manufactured material containing particles, in an 

unbound state or as an aggregate or as an agglomerate and where, for 50 % or more of the 

particles in the number size distribution, one or more external dimensions is in the size 

range 1 nm - 100 nm4. 

Negative control: Separate part of a test system treated with an item for which it is known 

that the test system should not respond; the negative control provides evidence that the test 

system is not responsive under the actual conditions of the assay. 

http://www.maff.go.jp/e/
http://www.mhlw.go.jp/english/
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Nephelometry: A technique for determining the amount of turbidity in a solution based 

upon the measurement of scattering of light. 

OECD Harmonised Templates (OHTs): Standard data formats for reporting information 

used for the risk assessment of chemicals, mainly studies done on chemicals to determine 

their properties or effects on human health and the environment, but also for storing data 

on use and exposure. 

OECD Test Guidelines (TG): OECD Test Guidelines are harmonised test methods 

included in the OECD Council Decision on Mutual Acceptance of Data. This means that 

"data generated in the testing of chemicals in an OECD Member country (or some non-

member economies) in accordance with OECD Test Guidelines and OECD principles of 

Good Laboratory Practice shall be accepted in other Member countries (or non-member 

economies) for purposes of assessment and other uses relating to the protection of man and 

the environment". 

Official Medicines Control Laboratories (OMCLs): European laboratory network 

supporting receiving authorities (including the issuing of guidelines) in the area of quality 

control of marketed medicinal products for human and veterinary use. 

https://www.edqm.eu/en/news/omcl-network 

Omics: A general term for a broad discipline of science and engineering for analysing the 

interactions of biological information objects in various omes (these include genome, 

transcriptome, proteome, metabolome, expressome, and interactome). 

 Some examples of 'Omics' technologies: 

 - genomics  

 - proteomics  

 - metabolomics  

 - transcriptomics 

Operational Qualification (OQ): Documented verification that all aspects of the facility, 

systems and equipment which can affect product quality; performs as intended throughout 

all anticipated operating ranges. This definition is applicable for complex instrumentation 

(computerised systems). 

Particulates/Particulate Matter (PM): Tiny subdivisions of solid matter suspended in a 

gas or liquid (also known as particulate matter, fine particles and soot). 

Performance Based Test Guideline (PBTG): A test guideline that contains one or more 

in vitro methods that are mechanistically and functionally similar. A PBTG defines the 

important components of the in vitro method and describes in detail characteristics and 

performance standards that a new in vitro method should meet in order to be considered as 

an additional method. 

Performance Qualification (PQ): The documented verification that the facilities, systems 

and equipment, as connected together, can perform effectively and reproducibly, based on 

the approved process method and product specification. This definition is applicable for 

complex instrumentation (computerised systems). 

Performance Standards (PS): The purpose of performance standards is to provide the 

basis by which new or modified in vitro methods, both proprietary (i.e. copyright, 

trademarked, registered) and non-proprietary, can be deemed to be structurally and 

https://www.edqm.eu/en/news/omcl-network
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mechanistically similar to a validated reference method and demonstrate to have sufficient 

reliability and relevance for specific purposes (i.e. in accordance with the principles to 

OECD GD 34). 

Physiologically-Based ToxicoKinetic (PBTK5) models: Physiologically based 

toxicokinetic, or alternatively referred to as physiologically based pharmacokinetic or 

biokinetic models, are quantitative descriptions of absorption, distribution, metabolism, 

and excretion (ADME, possibly including toxicity as ADMET) of synthetic or natural 

chemical substances in humans and other animal species. PBTK models are increasingly 

being used as an effective tool for designing toxicology experiments and for conducting 

extrapolations essential for risk assessments (e.g., in pharmaceutical research and drug 

development, and in health risk assessment for cosmetics or general chemicals).  

Polymerase Chain Reaction (PCR): A molecular biology technique used to make 

multiple copies of a segment of DNA. PCR is very precise and can be used to amplify, or 

copy, a specific DNA target from a mixture of DNA molecules6. It is based on the natural 

process of DNA replication. 

Population Doubling Level (PDL): Refers to the total number of times the cells in the 

population have doubled since their primary isolation in vitro, and are usually an estimate 

rounded off to the nearest whole number. 

Positive control: Separate part of the test system treated with an item for which it is known 

that the test system should respond. The positive control provides evidence that the test 

system is responsive under the actual conditions of the assay. The positive control is 

endpoint specific to the test system. 

Prediction model: The method by which the in vitro endpoint value(s) is used to predict 

the in vivo equivalent activity (i.e., degree of toxicity).  

Proficiency chemicals (substances): A set of chemicals recommended within OECD Test 

Guidelines to be used by laboratories to demonstrate their technical proficiency prior to the 

routine use of a test method falling within the adopted OECD test guideline. These 

chemicals represent either a subset of the reference chemicals included in the Performance 

Standards relating to the OECD TG, or chemicals used in the validation studies of the test 

method falling within the OECD TG. Selection criteria for these test chemicals include, to 

the extent possible, chemicals that: i) represent the range of responses to be predicted, ii) 

have high quality reference data available; iii) cover the method’s dynamic range of 

responses; iv) were correctly predicted by the test method during its validation study; v) 

cover a wide and representative range of relevant physical states, chemical classes, organic 

functional groups and structures falling within the applicability domain of the in vitro 

method; vi) are commercially available, and vii) are not associated with prohibitive 

acquisition and/or disposal costs. 

Provenance: Describes the origin and culture history of a cell line, including its transfers 

among laboratories and repositories, its manipulation (physicochemical or genetic), tests 

for and the detection and elimination of contamination by other cell lines and/or 

contamination caused by bacteria, yeast or fungi, mycoplasma, genotypic and phenotypic 

characteristics, and verification of its identity. 

 Quality Assurance (QA): All the planned and systematic actions by which adherence to 

laboratory testing standards, requirements, and record keeping procedures, and the 

accuracy of data transfer, are assessed by individuals independent of those performing the 

testing. 
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Quality assurance programme: A defined system, including personnel, which is 

independent of study conduct and is designed to assure test facility management of 

compliance with the Principles of Good Laboratory Practice. (OECD, 1998a). 

Quality Control (QC) : Operational techniques and activities that are used to fulfil given 

requirements for quality. 

Quality Management System (QMS): Can be expressed as the organisational structure, 

procedures, processes and resources needed to implement quality management. GLP 

specifically refers to a quality system of management controls for test facilities and 

organisations to try to ensure the uniformity, consistency, reliability, reproducibility, 

quality, and integrity of test item non-clinical safety tests. Of all QMS regimes, the ISO 

9000 family of standards is probably the most widely implemented worldwide. 

Reagent: A substance or mixture for use in cell culture media, chemical analysis or other 

reactions. 

Reference item: An article used to provide a basis for comparison with the test item.  

Relevance: The term "Relevance" describes whether a procedure is meaningful and useful 

for a particular purpose.  

Reliability: The term "Reliability" describes whether a procedure can be performed 

reproducibly within and between laboratories and over time.  

Replace, Reduce, Refine (3Rs): A term describing current internationally accepted 

strategies for minimising use and suffering of laboratory animals used in experimental 

research. The optimal solution is to Replace the test method requiring animal experiments 

with one or several in vitro methods; if this is not possible at least it might be possible to 

modify the methods in order to Reduce the number of animals being used in each study 

without compromising data quality; if this is also not possible it might at least be possible 

to Refine the test method so that experiments are conducted in a way minimising stress and 

other impact on the animals. 

Robustness: The insensitivity of test results to departures from the specified test conditions 

when conducted in different laboratories or over a range of conditions under which the test 

method might normally be used. If a test is not robust, it will be difficult to use in a 

reproducible manner within and between laboratories. 

Saturation concentration: The maximum dissolved concentration of a test chemical that 

can be achieved under the test conditions. 

 Sensitivity: A measure of in vitro method performance that describes the proportion of all 

evaluated test items that are classified as positive for a particular toxicological endpoint, 

which are predicted as positive by the actual in vitro method. The terms "sensitivity" may 

also refer to in vivo tests when e.g., compared to human data. 

Service Level Agreement (SLA): A contract between a service provider (either internal 

or external) and the end user that defines the level of service expected from the service 

provider. 

Short Tandem Repeat (STR): Short sequences of DNA, usually of length 2-6 base pairs 

and directly adjacent to each other that are repeated numerous times along a given loci. 

They are also known as microsatellites. STRs are used to compare specific loci on DNA 

from two or more samples. 
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Signal Windows (SW): A measure of separation between maximum and minimum 

controls in an assay that accounts for the amount of variability in the assay (Sittampalam 

et al., 2017). 

Single Nucleotide Polymorphism analysis (aSNP): Single nucleotide polymorphism or 

SNP (pronounced snip) analysis is a technique to detect a DNA sequence variation 

occurring when a single nucleotide - A, T, C, or G - in the genome (or other shared 

sequence) differs between members of a species (or between paired chromosomes in an 

individual). For example, two sequenced DNA fragments from different individuals, 

AAGCCTA to AAGCTTA, contain a difference in a single nucleotide. 

Solid Phase MicroExtraction (SPME): A technique for separating mixtures of 

compounds without the use of solvents. SPME uses a fibre coated with a polymer or sorbent 

extracting phase that extracts chemical compounds from liquid or gas phases. 

Solubility limit in water: The maximum attainable concentration in water at 

thermodynamic equilibrium between the aqueous pure phase and the solid (or liquid or 

gaseous) pure phase.  

Specificity: A measure of in vitro method performance that describes the proportion of all 

evaluated test items that are classified as negative for a particular toxicological endpoint, 

which are predicted as negative by the actual in vitro method. The terms "specificity" may 

also refer to in vivo tests when e.g., compared to human data. 

Sponsor: Means an entity which commissions, supports and/or submits a non-clinical 

health or environmental safety study. 

Standard Deviation (SD): The expected squared deviation from the mean. 

Standard Operating Procedure (SOP): A documented procedure which describes how 

to perform testing methods or assays or activities normally not specified in detail in study 

plans or test guidelines. 

Standard Project Submission Form (SPSF): OECD standard form which specifies the 

information generally required to submit a proposal for new or updated Test Guidelines or 

related documents to the Working Group of the National Coordinators of the Test 

Guidelines Programme (WNT)7, including the project description and the actions planned 

toward the development of the Test Guideline, the project milestones, and deliverables.  

Structure-Activity Relationships and Quantitative Structure-Activity Relationships 

(SAR/QSAR): Structure-activity relationships and quantitative structure-activity 

relationships based on the chemical structure of a compound, collectively referred to as 

(Q)SARs, are simplified mathematical representations of complex chemical-biological 

interactions that can be used to predict the physicochemical and biological properties of 

molecules.  

Study plan: A document which defines the objectives and experimental design for the 

conduct of the study, including amendments (i.e., an intended change to the study plan after 

the study initiation date). 

Suspension: A stable dispersion of solid particles in a liquid. 

Test item: An article that is the subject of a study (e.g., chemical, substance, nanomaterial, 

medical device, biologicals etc.). Test chemical may be used interchangeably for chemical 

based test items. 
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Test system: Any biological, chemical or physical system or a combination thereof used 

in a study. In vitro test systems are mainly biological systems (e.g., cells or tissues), 

although some of the more recent developments in alternatives to conventional in vivo 

testing (e.g., gene arrays for toxicogenomics) may also exhibit some attributes of physical-

chemical test systems. Test kits, including proprietary test kits, should also be considered 

as test systems. 

Testing method: A testing method, also known as assay, is a process or procedure used to 

obtain information on the characteristic of a substance or agent. Specific testing methods 

generate information regarding the ability of a substance or agent to produce a specific 

biological effect under specified conditions.  

Toxicological endpoint: A direct marker of progression to an adverse outcome - e.g., 

morphological or physiological changes, functional impairments, disease symptoms or 

death - used to describe an adverse health effect (or a probability of that adverse effect) 

resulting from exposure to a test item. The test system response to an exposure of a test 

item may be measured by a series of endpoints. The most sensitive endpoint (critical 

endpoint) is the one that occurs at the lowest exposure level and associated with an adverse 

response (committed step). 

Training set: A set of test items used to develop the prediction model for an assay. The 

training set items should have strong reference data (i.e., values from a recognised 

regulatory assay and derived from multiple runs of the reference tests) against which the in 

vitro assay endpoint values can be compared.  

Untreated control: Test system that receives no treatment (e.g., no test chemical or 

solvent) but is processed concurrently and in the same way as the test system receiving the 

test item. 

US Department of Agriculture (USDA): USDA is the U.S. federal executive department 

responsible for developing and executing federal laws related to farming, agriculture, 

forestry, and food. It aims to meet the needs of farmers and ranchers, promote agricultural 

trade and production, work to assure food safety, protect natural resources, foster rural 

communities and end hunger in the United States and internationally. 

https://www.usda.gov/ 

US Environmental Protection Agency (EPA): The EPA is an agency of the Federal 

government of the United States which was created for the purpose of protecting human 

health and the environment. https://www.epa.gov/ 
 

US Food and Drug Administration (FDA): The FDA is a regulatory and research agency 

within the US Department of Health and Human Services that is responsible for "protecting 

the public health by assuring the safety, efficacy and security of human and veterinary 

drugs, biological products [for humans], medical devices, the nation’s food supply 

[including dietary supplements], cosmetics, tobacco products and products that emit 

radiation". https://www.fda.gov/ 

Validation: The process by which the reliability and relevance of a procedure are 

established for a specific purpose (OECD, 2005).  

Validation set: A set of selected chemicals used to assess the predictive capacity of an in 

vitro method based on the performance of the endpoint values by the reference in vitro 

method results. Testing of the validation set is a principal part of in vitro method validation. 

https://www.usda.gov/
https://www.epa.gov/
https://www.fda.gov/
https://www.fda.gov/
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Vehicle/solvent control: Separate part of a test system to which the vehicle/solvent for the 

test item is added without the test item; the vehicle/solvent control provides evidence for a 

lack of influence of the chosen vehicle/solvent on the test system under the actual 

conditions of the in vitro method. 

Veterinary International Conference on Harmonization (VICH): VICH is a trilateral 

(EU-Japan-USA) programme aimed at harmonising technical requirements for veterinary 

product registration. Its full title is the International Cooperation on Harmonisation of 

Technical Requirements for Registration of Veterinary Medicinal Products. VICH was 

officially launched in April 1996. http://www.vichsec.org/ 

Within-laboratory assessment: Phase (of method validation), also often referred to as 

within laboratory (or intra) laboratory validation, in which one or more operators from the 

same laboratory perform (or run) the in vitro method independently and at different times 

to establish whether or not an in vitro method meets established criteria e.g., to assess 

within-laboratory reproducibility (WLR). 

World Health Organisation (WHO): The WHO was established in 1948 as a specialised 

agency of the United Nations. WHO is made up of 193 Member States, most of which are 

also UN Member States. WHO’s mission is "the attainment by all peoples of the highest 

possible level of health". http://www.who.int/ 
Xenobiotic: A chemical foreign to the biological system, structurally distinct from 

endogenous compounds present within the biological system. A xenobiotic may also be 

directly pharmacologically, endocrinologically, or toxicologically active, or undergo 

metabolism in target organisms such as to become biologically active or inactive. 

Z-factor: A measure of the separation between solvent control and test item signal which 

takes into account the dynamic range of the in vitro method and the data variation 

associated with the signal and control measurements. It is suitable for in vitro method 

quality assessment. 

Notes 

1. See: https://www3.epa.gov/ttncatc1/dir1/ff-hepa.pdf 

2. See: https://www.wto.org/english/tratop_e/trips_e/intel1_e.htm 

3. See: http://www.who.int/medical_devices/definitions/en/ 

4. See: http://ec.europa.eu/environment/chemicals/nanotech/faq/definition_en.htm 

5. PBTK models are regarded as being synonymous to PBPK (physiologically-based pharmacokinetic), PBBK 

(physiologically-based biokinetic) and PBK (physiologically-based kinetic) models (Bessems et al., 2014). 

6. See: https://www.nature.com/scitable/definition/polymerase-chain-reaction-pcr-110 

7. See: http://www.oecd.org/env/ehs/testing/testguidelinesprogrammefaqs.htm 

 

 

http://www.vichsec.org/
http://www.who.int/
https://www3.epa.gov/ttncatc1/dir1/ff-hepa.pdf
https://www.wto.org/english/tratop_e/trips_e/intel1_e.htm
http://www.who.int/medical_devices/definitions/en/
http://ec.europa.eu/environment/chemicals/nanotech/faq/definition_en.htm
https://www.nature.com/scitable/definition/polymerase-chain-reaction-pcr-110
http://www.oecd.org/env/ehs/testing/testguidelinesprogrammefaqs.htm
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1.  Roles and responsibilities 

Key message: The in vitro method life cycle from development to their use for safety 

assessment purposes has a variety of key actors and the guidance identifies clearly their 

responsibilities, both individually and collectively. 

Key content: Describes all target groups involved in the process e.g., in vitro method 

developers, test system (cells, tissues) providers, validation bodies, inter-governmental 

organisations for cooperation, suppliers of equipment, materials and reagents, in vitro 

method users (e.g., testing laboratories, large industries and small to medium enterprises), 

sponsors, receiving authorities and GLP monitoring authorities.  

Guidance for improved practice: Besides the elements necessary for good scientific work 

in discovery, additional requirements, such as documentation, ownership, identity and 

genetic make-up, related to the in vitro method and the test system, are key for their in vitro 

method acceptance at regulatory level. 

Recommendations are given for several of the target groups on how to put into practice 

their responsibilities for facilitating the development and implementation of in vitro 

methods for regulatory use. 
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In vitro methods are often developed without the primary aim of being used for regulatory 

purposes, but are rather focused on the discovery of disease pathways or investigation of 

mechanisms of action induced by external factors causing cell disturbance. These methods 

however, can form the basis for future in vitro methods used either for safety assessment 

or for toxicity screening. 

Many of the following organisations (e.g. validation bodies, receiving authorities) should 

not be considered as single entities but consist of a network of advisory (e.g. scientific, 

technical, ethical) bodies which feeds into the processes and roles detailed below. 

1.1. In vitro method developers  

In vitro method developer(s) refers to the person or entity who develops or has developed 

an in vitro method destined for regulatory use in human safety assessment. 

Researchers aiming to develop in vitro methods suitable for regulatory testing purposes 

must be aware that beyond the definition, description and within-laboratory repeatability 

and reproducibility of the in vitro method, receiving authorities have additional quality 

requirements for test acceptance (OECD, 2005). The in vitro method developer should keep 

in mind that the quality of historical data and documentation regarding the in vitro method 

will have a significant impact on the regulatory acceptance process. 

Briefly, the in vitro method developer is responsible for providing a clearly written and 

well documented in vitro method description, and related Standard Operating Procedure(s) 

(SOP(s)), taking into consideration all aspects described in GIVIMP.  

The developer's knowledge and understanding of the in vitro method is the basis for 

establishing an approach to control the in vitro method and to set for instance adequate 

acceptance criteria for the results obtained when running the in vitro method. Each 

developer should judge whether he or she has gained sufficient understanding of the in vitro 

method to provide a high degree of assurance to successfully propose the in vitro method 

for regulatory applications.  

In vitro method developers should take into account the Intellectual Property (IP) 

guidelines and good licensing practices regarding test systems as set out on the OECD 

website1 2. The Guidelines for the Licensing of Genetic Inventions3 were adopted by OECD 

member countries in 2006. Although the Guidelines describe the principles and best 

practices for the licensing of genetic inventions used in human health care, the principles 

can generally be promoted in other areas in the field of regulatory testing of chemicals for 

the protection of human health and the environment. Currently an OECD guidance on best 

practices for licensing of protected elements in OECD test guidelines is in development. 

New test guidelines proposals should provide information on Intellectual Property Rights 

(IPR) aspects, as transparently as possible. In particular, the following information is 

expected to be provided: "Describe if the in vitro method includes components, equipment 

or other scientific procedures that are covered (or pending) by IPR (e.g., patents, patent 

applications, industrial designs and trademarks) and/or intended to remain confidential. 

Information should be provided on the overall availability of the IPR-protected components 

including whether they are commercially available or require a Material Transfer 

Agreement or other licensing agreements. In addition, the possibility of providing a generic 

description of the IPR-covered component/test system as well as any other element 

intended to remain confidential should be disclosed and whether Performance Standards 

have been developed for the in vitro method."4 
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The development of Performance Standards5 was agreed as the solution to overcome 

concerns regarding market monopoly (e.g. where a commercial provider could take a 

disproportionate financial advantage due to the inclusion of proprietary elements in test 

guidelines). The development of Performance Standards will also enable the development 

of similar test methods and facilitate their validation. 

As the use of mammalian, including human, cells and tissues is critical for the development 

and implementation of in vitro methods for regulatory use in human safety assessment, 

already in the early stages care has to be taken regarding their ownership, their identity and 

genetic make-up and who can control their fate. A number of treaties, laws, and regulations 

help to guide the ethical collection of human-derived specimens (Allen et al., 2010). 

Reference data to assess the relevance of in vitro methods are typically from surrogate 

animal studies (“in vivo animal data”), but can also be derived from other sources. This is 

especially important for areas where the mechanism of action is not preserved across 

species, e.g. metabolism, CYP induction (Sinz et al., 2008), and where the availability of 

human reference data for the mechanism studied is essential. Human data can be obtained 

from epidemiological, clinical or other resources. In the case of prospective generation of 

human reference data, approval will need to be sought from an independent committee 

subject to national laws6.  

When in vitro method developers conclude their in vitro method is sufficiently developed, 

they can then proceed to an in-house performance assessment (see Section 8.3). When such 

internal assessment is successful, they can submit the in vitro method to a validation body 

for the formal validation of the method, or, can organise the validation by themselves. The 

in vitro method developers should be able to prove that the in vitro method they offer to 

the validation body is robust, reliable, relevant, and supported by high quality data as 

described in the present guidance. 

In order to have the in vitro method considered for regulatory acceptance, the in vitro 

method developer needs to contact the appropriate national coordinator7 to prepare a 

Standard Project Submission Form (SPSF) for a new Test Guideline, or in the case of ‘me-

too’ in vitro methods for addition to the relevant Performance Based Test Guideline 

(PBTG) (OECD, 2016a). Project proposals for new Test Guidelines need the active support 

of receiving authorities in at least one member country, and have to meet a regulatory need 

in member countries. 

1.2. Test system providers  

In vitro test systems are mainly biological systems, quite often consisting of tissues or cell 

lines. Test systems can be developed in-house (i.e. by the in vitro method developer), 

acquired from other laboratories or purchased from a cell culture bank, either academic or 

commercial. The OECD consensus document, Compliance of Laboratory Suppliers with 

GLP Principles, recommends that test system providers should adhere to a formal quality 

system, such as International Standard ISO 9001 (OECD, 2000a). 

The responsibility for the quality and documentation of the test system rests entirely with 

the test facility (Section 5.2), however, the role of the supplier is crucial in aiding the facility 

meet these quality requirements, e.g. test systems characterisation requirements can often 

be directly fulfilled by information from the supplier (OECD, 2000a). Accredited/certified 

providers generally provide extensive documentation on the origins and characterisation of 

the test system and may also offer advice/services, such as quality assurance guidance, cell 
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culture maintenance, and safety practices for use and disposal of the test system, including 

transport and containment8 (OECD, 2004a;  Coecke et al., 2005). 

It is difficult, if not impossible, to identify cell lines from different origins and ensure that 

they are not cross-contaminated, misidentified or mixed-up (The European Collection of 

Authenticated Cell Cultures ECACC Handbook – Fundamental Techniques for ECACC 

Cell Lines8), based solely on morphology and/or culture characteristics (Section 5.6). 

Infection or contamination of a cell line with an adventitious virus or mycoplasma may 

significantly change the characteristics of the cells but again such contamination may not 

be visibly evident. The test system provider should therefore provide documentation the 

cell line's authenticity including verification of its identity and proof to be free of cross-

contamination by other cell lines (Section 5.6) and/or contamination caused by bacteria, 

yeast or fungi, mycoplasma (Section 5.7). Additional information on the origin and culture 

history of the cell line, ideally including its transfer among laboratories and repositories, 

its manipulation (physicochemical or genetic), and details on the types of tests carried out 

for the detection and (if applicable) elimination of contamination should be made available, 

so as to provide complete tracking of the cell line provenance. In some cases, e.g., cell lines 

established many years ago may lack some aspects of their provenance and their origin may 

be unknown. It is therefore recommended to confirm that the cells in current use are 

assessed against a previously authenticated stock (where available), either in a cell bank or 

in the laboratory of the originator.  

Test systems sourced from recognised cell culture banks (Table 1) are unlikely to be 

contaminated with microorganisms, unless stated otherwise, and generally provide 

adequate documentation, usually in the form of a Certificate of Analysis, including a Short 

Tandem Repeat (STR) profile. 

Table 1: Cell culture collections (banks) 

Cell culture collections Country Web site 

American Type Culture Collection (ATCC) USA http://www.atcc.org 

CellBank Australia Australia www.cellbankaustralia.co
m 

Coriell Cell Repository USA http://locus.umdnj.edu/ccr 

Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) Germany http://www.dsmz.de 

European Collection of Animal Cell Cultures (ECACC) UK http://www.camr.org.uk 

Japanese Collection of Research Bioresources (JCRB) Japan http://cellbank.nihs.go.jp 

RIKEN Gene Bank Japan http://www.rtc.riken.go.jp 

UK Stem Cell Bank (UKSCB) UK http://www.nibsc.org/ukste
mcellbank 

The test system provider must provide all relevant safety information, in compliance with 

national and international regulations, for the transport, use and disposal, including 

containment in the case of an accident. Where the in vitro method developer is also the test 

system provider or where the test system has been acquired from other laboratories, the in 

vitro method developer must ensure the availability of the test system both in the short and 

long term and as such take on all responsibilities associated with a test system provider 

regarding documentation and quality control. 

The Guidance on Good Cell Culture Practice: A Report of the Second ECVAM Task Force 

on Good Cell Culture Practice (GCCP) (Coecke et al., 2005) provides a minimal set of 

requirements for documentation. However the documentation requirements listed in Table 

2 may not be feasible in all cases when working with cells or tissues of animal or human 

http://www.atcc.org/
http://www.cellbankaustralia.com/
http://www.cellbankaustralia.com/
http://locus.umdnj.edu/ccr
http://www.dsmz.de/
http://www.camr.org.uk/
http://cellbank.nihs.go.jp/
http://www.rtc.riken.go.jp/
http://www.nibsc.org/ukstemcellbank
http://www.nibsc.org/ukstemcellbank
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origin, and in particular when animal-derived tissues are obtained from abattoir operations9. 

The OECD GLP document No 14 (The Application of the Principles of GLP to in vitro 

Studies) states that some characteristics of the test systems can be fulfilled with assistance 

from the supplier, however the performance when evaluated with appropriate reference 

items, including positive, negative, and untreated and/or vehicle controls, where necessary, 

is the responsibility of the relevant study director (OECD, 2004a). 

Table 2: Examples of data requirements to be documented concerning the origins of cells 

and tissues  

 Isolated organs and 
tissues of animal origin 

Primary cultures of animal 
origin 

 

All materials of human 
origin  

Cell lines 

Ethical and safety issues + + + Applicable, if 
human or 
involving 

recombinant 
DNA or 

pathogens 

Species/strain + + + + 

Source + + + + 

Sex + + + + 

Age + + + + 

Number of donors + + If applicable na 

Health status + + + + 

Any special pre-treatment + + + + 

Organ/tissue of origin + + + + 

Cell type(s) isolated + + + + 

Isolation technique + + + + 

Date of isolation + + + + 

Operator + + + + 

Supplier + + + + 

Informed consent na na + If human, may 
be applicable 

Material transfer 
agreement 

na na + + 

Medical history of donor na na + (if available) If human, may 
be applicable 
(if available) 

Pathogen testing If applicable a If applicable a +a +a 

Shipping conditions + + + + 

State of material on arrival + + + + 

Biosafety classification + + + + 

Cell line identification and 
authentication 

na na na + 

Mycoplasma testing na na b na b + 

Note: 

1. Screening tests for animal colonies or donors of cells and tissue may be appropriate. 

2. May be important if material is preserved for longer term use (e.g. as feeder layers for other cultures). 

na = not applicable 

Source: Coecke et al., 2005 
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1.3. Validation bodies 

The role of national and international organisations, such as OECD related working groups, 

EURL ECVAM, ICCVAM, JaCVAM, Health Canada, KoCVAM, etc., is to promote and 

facilitate in vitro method validation for regulatory acceptance to replace, reduce or refine 

(3Rs) in vivo testing. The validation body's responsibility is to contribute to both an 

effective validation process and to ensure the quality of the validated in vitro method.  

The basic principle of validation is to assess that an in vitro method is fit for its intended 

use. To this end, the validation process generally consists of the generation, collection and 

evaluation of data to establish scientific evidence that the in vitro method is capable of 

consistently producing data that is reliable (reproducible) and relevant for the intended 

purpose. For further information regarding validation concepts, challenges, processes and 

useful tools see Chapter 04 in Validation of Alternative Methods for Toxicity Testing 

(Griesinger et al., 2016). 

While details can differ between validation bodies, the overall goal of the process of 

validation is to improve the international acceptance of test methods. To this end, the 

OECD has drafted a guidance document on the Validation and International Acceptance of 

New or Updated Test Methods for Hazard Assessment No. 34 (OECD, 2005). The 

document promotes a "modular approach to validation", where the information needed to 

support the validity of a test method is organised into modules (Hartung et al., 2004). 

Several practical aspects need to be considered in the design and validation of in vitro 

methods (Coecke et al. 2016), if the ultimate aim is to generate a dataset that can support 

the development of an international test guideline. OECD GD 34 provides information on 

the following aspects: 

 test definition (including purpose, need and scientific basis); 

 within-laboratory repeatability and reproducibility; 

 between-laboratory transferability; 

 between-laboratory reproducibility; 

 predictive capacity (accuracy); 

 applicability domain; and, 

 performance standards. 

Although validation is an important step, not all modules/aspects of validation are 

indispensable for regulatory acceptance. It is important to emphasise that only robust 

methods can be accepted, i.e. reproducibility and transferability have to be demonstrated, 

thus validation is not entirely indispensable. After successfully demonstrating the validity 

of an in vitro method to a validation body, the method can be presented to the OECD for 

regulatory acceptance, depending on the Member State, e.g. in the US, it must be posted in 

the Federal Register for comment and then FDA and EPA need to separately evaluate 

comments and follow up by posting final guidance in the federal register. Once in vitro 

methods are consolidated within an OECD test guideline (TG), data produced by using 

those methods are mutually accepted by all OECD Members and MAD-adhering Country 

Authorities, unless specific national regulatory requirements are not met. 



40 │ ENV/JM/MONO(2018)19 
 

GUIDANCE DOCUMENT ON GOOD IN VITRO METHOD PRACTICES (GIVIMP) 
Unclassified 

1.4. Inter-governmental organisation for cooperation 

A framework for cooperation between inter-governmental organisation was established in 

the critical areas of validation studies, independent peer review, and development of 

harmonised recommendations to ensure that alternative methods/strategies are more readily 

accepted worldwide.  

The International Cooperation on Alternative Test Methods (ICATM)10,11,12 was formally 

established in 2009 through a collaboration involving EU, US, ,Japan and Canada. 

Representatives now include, EU (EURL ECVAM), the US (NICEATM/ICCVAM), Japan 

(JaCVAM), Canada (Health Canada), and Korea (KoCVAM). Although not yet formally 

partners, the Brazilian Center for the Validation of Alternative Methods (BraCVAM) and 

China also actively participate. 

ICATM partners are working together to promote enhanced international cooperation and 

coordination on the scientific development, validation and regulatory use of alternative 

approaches. 

1.5. Suppliers of equipment, materials and reagents  

While the responsibility for the quality and fitness for use of equipment and materials rests 

entirely with the management of the test facility, it is in the suppliers' interests to meet these 

requirements where possible. Suppliers are recommended to comply with formal national 

or international standards or to be accredited within various national schemes, where 

appropriate (OECD, 2000a). Selection of suppliers should follow a formal documented 

process and should be reviewed regularly to ensure that equipment, materials and reagents 

meet the facility's requirements. 

When performing established in vitro testing methods, the test results can only be accepted 

if the equipment, materials and reagents used are of proven quality as established by formal 

testing or evaluation procedures. 

Equipment suppliers should provide all information necessary to operate and maintain the 

equipment, including equipment and software manuals and quality and safety conformation 

certificates and warranties. For complex equipment it is recommended that the 

manufacturer install the equipment and provide the necessary documentation to confirm 

the correct functioning of the equipment according to the manufacturer's specifications 

(Section 4.1).  

Characteristics of the supplied materials and reagents should be appropriately documented 

in adequate quality documents such as a certificate of analysis, batch release certificate or 

similar.  

1.6. In vitro method users  

In vitro method user(s) herein refers to the person(s) or entity that uses the finalised in vitro 

method. As the final goal of these in vitro methods is to be included in a regulatory 

framework, the majority of these users will be GLP compliant test facilities. GLP test 

facilities’ responsibilities are described in the OECD Principles of GLP13 or equivalent 

GLP principles as defined in national legislation.  
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In vitro method users should document their competency to perform a test in compliance 

with a specific OECD TG, e.g., by running the proficiency chemicals (Section 8.4) or 

checking the performance of the method (Chapter 8).  

Non-GLP in vitro method users can also profit from the use of the GIVIMP guidance. In 

these cases no regulations exist and no responsibilities are defined, however it is highly 

recommended to apply all necessary good scientific, technical and quality practices that 

this guidance describes so as to reduce the uncertainties in the results produced by the in 

vitro method. Appropriate accreditation, e.g., ISO/IEC 1702514, may be requested or 

recommended in some cases.  

The responsibility for the quality, integrity and compliance (where applicable) of all data 

generated and reported rests entirely with the in vitro method user(s), who must also verify 

and assure that the quality of all products and materials used in the generation of said data 

meets the required specifications as described in the in vitro method and/or other regulatory 

guidelines. To be able to prove this, in vitro method users will need to work with preferred 

or approved suppliers who are selected on predefined criteria (e.g., ISO certification, 

controlled transport, technical support, assured delivery, batch selection, etc.).  

1.7. Sponsor 

Studies are often initiated by a sponsor who is responsible for ensuring that a study is 

conducted according to certain requirements e.g., GLP (OECD, 1998b).   

The sponsor should actively verify that the study is conducted in accordance with all 

Principles of GLP. The sponsor should verify that the involved test facility including, if 

applicable, any test sites are able to conduct the study in accordance with the GLP 

Principles. For example, the sponsor could monitor the involved test facility and, if 

applicable, any other test site also involved in the study, prior to and during the conduct of 

the study. In addition, the sponsor might also check the compliance status of a test facility 

as determined by the national GLP compliance monitoring authority.  

The sponsor should be aware, however, that only the study director remains ultimately 

responsible for the scientific validity and the GLP compliance of the study.  

The sponsor should also ensure the integrity of each unaltered study report submitted to 

receiving authorities.  

 The sponsor may be responsible for providing the test item. To ensure that there is 

no mix-up of test items the sponsor should, in cooperation with the test facility, 

define a mechanism to allow verification of the identity of the test item for each 

study.  

 Often the sponsor is responsible for characterisation of the test item. In that case, 

the study director should ensure that this is explicitly mentioned in the study report.  

 Where the sponsor is responsible for the characterisation of the test item, the 

sponsor is expected to disclose all information regarding the characterisation of the 

test item to the study director, and should be explicitly stated in both the study plan 

and the final report. 

 The sponsor should inform the test facility about any potential risks of the test item 

to human health and environment as well as any necessary protective measures and 

disposal procedures.  
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 In some countries the sponsor should formally approve the study plan by dated 

signature.  

 The name and full address of the sponsor should be mentioned in the study plan 

and study report. 

 Where the study materials including study plan, raw data, specimens and samples 

of test and reference items and final reports are transferred to the sponsor, the 

sponsor assumes the responsible for ensuring that all materials are archived in 

accordance with the GLP Principles.   

On the basis of the outcome of the studies the sponsor may decide to submit a test item for 

registration to the receiving authorities.  

1.8. GLP monitoring authorities 

GLP Monitoring Authorities (MAs) are established by the governments of OECD Member 

States and MAD-adherent countries. Some countries have only one MA, while others have 

more than one e.g., in Japan there are eight MAs while in the US there are two MAs, the 

US Environmental Protection Agency (EPA) and the US Food and Drug Administration 

(FDA). The OECD maintains a list of links to national web sites on GLP, including 

information on MAs15. 

For studies conducted for regulatory purposes, the responsibility for evaluating the results 

of the study lies with the regulatory reviewer at the receiving authority. However, this 

evaluation can only be effective if the study data can be relied upon. GLP ensures that the 

quality and integrity of the data can be demonstrated and the conduct of the study 

reconstructed.  

The OECD expects member countries to establish national MAs, a body or bodies 

responsible for monitoring the GLP compliance of test facilities within their territories and 

according to national legal and administrative policies. In the European Union (EU), 

facilities included in the GLP monitoring programme of the GLP Monitoring Authority are 

inspected on a regular basis, approximately every two to three years. Routine monitoring 

inspections also include study audits. In addition, MAs can be requested by a receiving 

authority to conduct specific study audits as a result of concerns raised following the review 

of a regulatory submission. The MA has ultimate responsibility for determining the GLP 

compliance status of test facilities and/or GLP studies. The MA also has responsibility for 

taking any action based on the results of test facility inspections or study audits which are 

deemed necessary. 

The respective national compliance MAs are also responsible for the exchange of 

information on the compliance of test facilities inspected, and should provide relevant 

information concerning their procedures for monitoring compliance. They have the 

responsibility to facilitate the MAD (Section 9.2) multilateral agreement, which states that 

test data generated in OECD countries and full adherent countries – (Argentina16, Brazil, 

India, Malaysia, South Africa and Singapore)17 in accordance with OECD Test Guidelines 

and the OECD Principles of GLP shall be accepted in other member countries by regulatory 

bodies for assessment purposes and other uses relating to the protection of human health 

and the environment18. 
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1.9. Receiving authorities 

Receiving authorities receive non-clinical safety data as part of regulatory submissions and 

they must ensure that the legal requirements are met. Receiving authorities include the 

European Chemicals Agency (ECHA), European Medicines Agency (EMA), European 

Food Safety Authority (EFSA), as well as various national agencies that are responsible for 

assessing safety data such as, for example, the US EPA, FDA and Department of 

Agriculture (USDA) and in Japan the Ministry of Health, Labour and Welfare (MHLW) 

and the Ministry of Agriculture, Forestry and Fisheries (MAFF). 

The responsibility of the receiving authorities is to check that test data are obtained 

according to available OECD TGs (where applicable) and guidance documents and that 

they use the data accordingly in their evaluations and according to the regulatory 

framework. With regard to GLP studies, the receiving authorities verify whether the 

reported study was conducted in compliance with GLP (Section 1.8). The level of GLP 

compliance verification depends on the particular receiving authority and the specific legal 

framework. Receiving authorities may request a study audit if a concern about the GLP 

compliance status of the study is identified or in case the responsible test facility has not 

been inspected by the responsible national GLP monitoring authority. Receiving authorities 

may additionally indicate to in vitro method developers where they see a need for new or 

better methods, and to validation bodies which methods deserve priority in the validation. 

In vitro methods are becoming more and more accepted for regulatory use and some 

regulation requiring toxicological data, allow or even encourage the use of alternative 

methods. Multiple legislational frameworks, e.g., US Federal agencies (Schechtman, 2002) 

and EU Directive 2010/63/EU19, in various regions of the world have statements that 

include reference to the "3Rs" or that express support for the replacement, reduction, and 

refinements of animals use where feasible. 

The U.S. EPA's Office of Pesticide Programs (OPP) is developing and evaluating 

alternative approaches to replace or amend more traditional methods of toxicity testing and 

uses so-called Integrated Approaches to Testing and Assessment (IATA) (see Strategic 

Vision for Adopting 21st Century Science Methodologies20), with the immediate goal to 

significantly reduce the use of animals in acute effects testing. 

As a result of these developments European and national regulatory bodies tend to 

increasingly accept data generated by alternative methods, especially from validated in 

vitro methods. Data generated using non-validated in vitro methods may be accepted as 

supportive information or when mechanistic data are required. Although the applicability 

of in vitro methods to meet regulatory needs may be different in individual OECD member 

countries, many countries have adopted the principles of Replace, Reduce and Refine (3Rs) 

and are proactively supporting the use and implementation of alternative methods21. 

EMA expresses in a number of documents their vision and action plans towards the 

implementation of the 3Rs principles (EMA, 2014). Besides established formal validation 

processes by recognised institutions such as the Centres for the Validation of Alternative 

Methods (CVAMs) and The European Directorate for the Quality of Medicines & 

HealthCare (EDQM), multiple and flexible approaches are considered acceptable to 

demonstrate scientific validity of new testing approaches and their fitness for regulatory 

use, either as pivotal, supportive or as exploratory mechanistic studies (EMA, 2016).  
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Notes

1. See: http://www.oecd.org/chemicalsafety/testing/intellectual-property-in-oecd-test-

guidelines.htm 

2. See: http://www.oecd.org/sti/sci-tech/intellectualpropertyinbiotechnologyandthelifesciences.htm 

3. See: http://www.oecd.org/science/biotech/36198812.pdf 

4. See: http://www.oecd.org/chemicalsafety/testing/intellectual-property-in-oecd-test-

guidelines.htm 

5. See: http://www.oecd.org/chemicalsafety/testing/performance-standards.htm 

6. See: 

https://www.moh.gov.sg/content/dam/moh_web/Publications/Guidelines/Human%20Biomedical

%20Research/2007/IRB%20Operational%20Guidelines_14-12-07_formatted.pdf 

7. See: https://www.oecd.org/chemicalsafety/testing/national-coordinators-test-guidelines-

programme.htm 

8.  See: http://www.sigmaaldrich.com/life-science/cell-culture/learning-center/ecacc-handbook.html 

9. Justification should be provided when documentation requirements listed in Table 2 are not 

followed 

10. See:https://ntp.niehs.nih.gov/pubhealth/evalatm/iccvam/international-partnerships/index.html 

11.        See: https://ec.europa.eu/jrc/en/eurl/ecvam/alternative-methods-toxicity-testing/advisory-

bodies/icatm 

 

12.  See:  http://www.jacvam.jp/en_effort/icatm.html 

13.  See: 

http://www.oecd.org/chemicalsafety/testing/oecdseriesonprinciplesofgoodlaboratorypract

iceglpandcompliancemonitoring.htm 

14.  See: https://www.iso.org/standard/66912.html 

15:  See:  

http://www.oecd.org/chemicalsafety/testing/linkstonationalwebsitesongoodlaboratorypractice.ht

m 
16.  See: Full adherence for Argentina only applies to industrial chemicals, pesticides and 

biocides 

17.  See: http://www.oecd.org/env/ehs/non-

memberadherentstotheoecdsystemformutualacceptanceofchemicalsafetydata.htm 

18. See: http://www.oecd.org/env/ehs/mutualacceptanceofdatamad.htm 

19.  See: http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:EN:PDF 

20.  See:  https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/strategic-

vision-adopting-21st-century-science 

21.  See:  https://echa.europa.eu/support/registration/how-to-avoid-unnecessary-testing-on-

animals/in-vitro-methods 
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2.  Quality considerations 

 

Key message: To realise fully the potential of in vitro methods and allowing them to become 

a key tool for a new way of doing toxicology, they need to be developed and applied in a 

way that scientific integrity and quality is assured. 

Key content: Discusses quality assurance versus quality control, quality risk-based 

assessment and quality control requirements for development and implementation of in 

vitro methods, the types of documentation needed and quality considerations regarding the 

integrity of the data.  

Guidance for improved practice: Control charts can be used as a powerful and simple 

statistical tool to help routinely monitor the quality of any quantitative process and to 

determine if the process is in a state of control.  

Recommendations for basic quality risk assessment questions and applicability of 

integrity checks on cell and tissue cultures are described. 
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The life cycle of an in vitro method usually progresses from method development to 

validation to routine use. In vitro method development may benefit from many quality 

considerations addressed in the GIVIMP guidance document, e.g., recommendations 

concerning the test system, maintenance and calibration of equipment, qualification of 

computerised systems and training requirements. In vitro method developers, who do not 

work in a formal quality system, may also benefit from certain Quality Assurance (QA) 

requirements such as consistent documentation, an internal QA program and change control 

policies (OECD, 2016b). In summary, it is recommended that method validation be 

performed in a formal quality environment, while routine use of in vitro methods for safety 

testing should always be performed in a formal quality system environment, often meeting 

the requirements of GLP or similar quality systems.  

The International Organization for Standardization (ISO) publishes many standards of 

which ISO/IEC 17025 is the main standard used by testing and calibration laboratories. 

ISO/IEC 17025 (General requirements for the competence of testing and calibration 

laboratories), originated in the laboratory accreditation community who prepared a 

mutually agreed set of criteria that a laboratory should fulfil in order to demonstrate its 

technical competence. ISO/IEC 17025 is an international standard that laboratories can 

choose to apply (i.e. voluntary). Increasingly governments are specifying international 

standards, such as ISO/IEC 17025, as a tool to meet their regulatory and trade objectives 

across a wide range of fields (OECD, 2016c).  

The principles of GLP on the other hand are written into law in many countries as a 

regulatory control mechanism, often as a legal requirement that non-clinical health and 

environmental safety studies intended for regulatory submission be conducted under GLP. 

The OECD GLP Principles have gained wide acceptance, also in non-OECD countries. In 

2004 the OECD published an Advisory Document on The Application of the Principles of 

GLP to in vitro Studies, so as to provide guidance specifically of relevance to the 

application and interpretation of the OECD Principles of GLP to in vitro studies. 

Even though there is overlap in many areas between GLP and ISO/IEC 17025 (e.g., 

training, management of equipment, etc.) each serve, as a result of their evolution and 

history, very different purposes. The OECD Principles of GLP are specifically designed to 

be applied to individual studies and to accommodate the complexity and variability of non-

clinical health and environmental safety studies, while ISO/IEC 17025 was originally 

intended for testing according to established or specifically developed methodology. 

However, laboratory accreditation such as ISO/IEC 17025 can be applied to non-clinical 

testing, and is increasingly being used by governments to meet regulatory and trade 

objectives. 

2.1. Quality assurance (QA) and quality control (QC) 

The definition and roles of both QA and QC will depend for a large part on what quality 

management system is being followed; however most systems have a defined Quality 

Assurance Unit (QAU) that acts in an independent role. For the sake of simplification QA 

may be described as a proactive process for managing quality, while QC may be thought 

of as a reactive process for recognising quality problems and correcting them. The quality 

management system should be under ongoing review to ensure current best practices are 

implemented and to provide continuous improvements in the quality system, even if not 

formally required for GLP.  
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GLP has no explicit requirement to undertake QC activities, and QC is not defined or 

included in the GLP Principles or any of OECD GLP consensus or advisory documents. 

The OECD GLP Principles refer to a Quality Assurance Programme as a defined system, 

carried out by individual(s) designated and directly responsible to management who must 

not be involved in the conduct of the study, that is designed to assure that studies performed 

are in compliance with the principles of GLP.  

Most GLP facilities do include QC activities within their quality system. QC activities are 

most effective when built into a procedure, e.g., calibration or checking of an instruments 

performance prior to use in order to identify and correct errors at the earliest opportunity 

prior to acquisition of study data.  

2.2. Quality risk assessment 

Risk management includes elements such as risk identification, assessment, mitigation, 

elimination and communication and may be applied to many laboratory processes, such as 

setting the calibration interval for specific equipment (e.g., some equipment may require 

less frequent calibration that others based on the probability of failure, the ease of detection 

and the severity of the consequences of the failure). Quality risk assessment may also be 

used for the assessment and evaluation of suppliers or to ensure that the test systems 

(Section 2.4), reagents and materials (Section 2.5) etc. are fit for purpose. 

In a risk assessment the following basic questions should be addressed: 

 What might go wrong? 

 What is the nature of possible risks? 

 What is the probability of their occurrence and how easy is it to detect them? 

 What are the consequences (the severity)? 

For an effective quality risk assessment the probability that the event will occur and the 

severity of the event must be addressed. Other parameters, such as assessing the ease of 

detection and the frequency of occurrence, may also be included to provide a more fine-

tuned approach. The probability can be based on historical data and/or on the users' 

experience or it may also remain unknown. The severity of the event is addressed by listing 

the possible consequences of the event in the case it actually occurs. The ease of detection 

is a more difficult concept and is usually based on experience and thorough knowledge of 

the process while the frequency of occurrence may be based on historical data or also 

remains unknown. 

The output of a risk assessment is either a quantitative estimate of risk (numeric probability) 

or a qualitative description of a range of risk (e.g., high/medium/low). The use of historical 

data is important when evaluating the probability that the event will occur. Therefore, in 

order to use updated information, the risk must be reassessed periodically. 

Based on the outcome of the analysis and the criticality of the level of risk, specific risk 

controls, such as increased quality controls or QA inspections, should be put in place. The 

purpose of these quality risk controls is to reduce the risk to an acceptable level, and should 

be proportional to the significance of the risk.  
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2.3. Quality control charts 

Control charts may be used in certain QC activities, and are a powerful and simple 

statistical tool used to routinely monitor the quality of any quantitative process to determine 

if the process is in a state of control. Control charts are typically used for time-series data, 

e.g. Figure 1, but they may also be used for monitoring discrete data sets such as batch to 

batch variability or operator performance.  

 

Figure 1: QC trend chart for pipette checking 

 

Run or trend charts (Figure 1) are the most commonly used and easily understood charts. 

Individual results, e.g., for a reference item or for pipette checking, are plotted using a 

scatter plot graph versus the time order when the data were produced. The data points are 

linked by lines to help visualise the trend or changes in the trend. Trend charts are ideal for 

visually checking the historical performance of a process. Additional information may be 

placed on the trend charts to aid decision making, such as the true or expected value and 

specification limits or the average and control limits may be calculated based on historical 

data.  

When using historical data, which gives a true representation of the performance of the 

process, it is important that the data used is representative of the current process and is 

based on an adequate sample size, i.e. the smaller the set of historical data used to calculate 

the average and limits the less representative these are of the overall process. The average 

(often used as a running average) is plotted with limits set at ± 2 Standard Deviations (SDs) 

for Upper and Lower Warning Limits (UWL and LWL) and ± 3 SD for Upper and Lower 

Control Limits (UCL and LCL). For normally distributed data based on a representative 

data set, the warning limits contain approximately 95% of the data points while 99.7% of 
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the data are contained within the control limits, i.e. the 68–95–99.7 rule. The limits are 

irrespective of the process specifications or requirements. 

Control or Shewhart charts use subgroups of the individual data to smooth out effects of 

individual data points and as such make it easier to identify trends or changes in the process. 

The most common types are the X-chart (average), the R-chart (range) and the s-chart 

(standard deviation). Subgrouping of the data, e.g., into sets of 5, allow the calculation of 

the standard deviation and/or range providing more information and finer control of the 

process. The subgroup average is usually set as the central line and the limits are calculated 

based on 3 SDs. 

Control charts are mainly used to identify when a process is out of control or about to go 

out of control. When the process is out of control, data points fall outside the control limits, 

or when the process is about to go out of control, i.e. when a trend (e.g., two consecutive 

points outside the warning limits but still within the control limits) it usually means a new 

source of variation has been introduced into the process.  

This variation may be due to systematic error which is usually seen as a change in the mean 

of the control values. Systematic error may be due to an abrupt change in the process (out 

of control), often caused by a sudden failure (e.g., apparatus), due to operator error (e.g., 

pipetting error) or some other once-off event. Systematic error may also be due to a gradual 

change which does not cause the process to go out of control, i.e. a trend change. Trend 

changes are usually harder to identify and indicate a gradual loss of reliability. The warning 

limits are used to detect the gradual change in the average and should also include some 

decision criteria on how to handle this change. The decision criteria will depend on the 

criticality of the process. 

Random errors are those which are caused by random and unpredictable variation in a 

process and may be seen as acceptable (with the normal variation of process) or 

unacceptable errors, i.e. those that fall outside the control limits. 

2.4. Quality control of test systems 

It is important that certain key go/no-go points are established during the preparation and 

use of the test system for an in vitro method. Key quality attributes (e.g., genetic/phenotypic 

stability, identity and absence of contamination), based on the suppliers’ documentation 

and the facility's needs, and should be documented, with acceptance criteria, preferably in 

SOP(s). A QC plan to periodically confirm these attributes on a regular basis should be put 

in place. In practice it may not be always feasible to assess all "essential characteristics". 

The in vitro method should therefore include relevant and reliable positive and negative 

controls, including acceptance criteria, which will be used to establish an historic database 

of the test system essential functional characteristics. Lack of cell proper authentication, 

provenance, and characterisation could be grounds for a member country not accepting data 

that are not adequately documented 

Proprietary in vitro methods and the related in vitro systems may be relatively expensive; 

therefore their availability for QC testing may be limited by practical considerations, such 

as cost. In light of these considerations, the user may sometimes be dependent on the 

supplier to provide as complete as possible documentation regarding the test system, 

including cell or tissue characterisation and functional performance. The supplier should 

be expected to provide adequate documentation of quality control testing of each batch 

manufactured.  
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The suppliers' documentation should detail appropriate test system integrity checks of the 

Original Source (Table 3), ideally with evidence of test results provided by the supplier or 

a qualified service provider (Section 5.2). These checks should also be performed on the 

cells arriving in the laboratory as soon as samples can be obtained (Early Stocks). Ideally 

Cell Banks (both master and working) should be established (Coecke et al., 2005) but 

testing may be focused on the master stock with more routine checks applied to working 

cell banks e.g., mycoplasma and viability (Table 3). In addition, the user should carry out 

quality control checks in the test facility on a regular basis (Routine Culture testing) 

appropriate to the test system so that the in vitro method performs as expected after 

transport and handling of the test system.  

Table 3: Applicability of integrity checks on cell cultures 

Attributes Original Source Early Stocks Cell Banks Routine Cultures 

Morphology         

Viability        a 

Identity        

Doubling time b         

Mycoplasma         

Viruses  (donor only)   (master bank 
only) 

 

Bacteria and Fungi      c 

Function/phenotype       d 

Genetic stability      e 

Absence of 
reprogramming 
vectors (iPSC f 
lines) 

      

Notes: 
a Viability testing at passage will also be helpful to ensure consistent seeding of fresh cultures and assays for more reliable 
maintenance of stock cultures and reproducibility of cell-based in vitro methods. For this, the assays described under Section 
6.10.1 can be applied. 
b For diploid cultures subcultured at a 1:2 ratio, passage number is roughly equal to the number of population doublings (or 
population doubling level) since the culture was started.  
c To avoid development of low grade contamination, sterility testing may be desirable for long term cultures. These may also be 
sustained as separate replicate sets of flasks to provide backup cultures in case of contamination.   
d Assessed by the correct performance of reference/control items.  
e A risk/benefit analysis should determine if genetic stability analysis is required e.g. pluripotent stem cells. 
f Induced Pluripotent Stem Cells (also known as iPS cells or iPSCs) are a type of pluripotent stem cell that can be generated 
directly from adult cells. The iPSC technology is based on the introduction of specific genes encoding transcription factors that can 
convert adult cells into pluripotent stem cells. 

Where primary cell cultures and tissues are used, variation in properties between individual 

donors must be considered, and each new batch should be qualified or controlled for key 

functionality (Meza-Zepeda et al., 2008). Special care should be taken to note any unusual 

observations in case of contamination or viral cytopathic effects or transformation, and all 
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primary cell cultures should ideally be cryopreserved and screened for mycoplasma. 

Human and animal tissues and primary cells used for testing will also need to be 

appropriately documented. As part of QC for tissues, their differentiated state should also 

be documented, which may require a range of assays including for instance morphology, 

histochemistry, cell markers, specific tissue function and cell-cell/matrix interactions 

(Stacey and Hartung, 2006). For primary cells prepared from tissues stored as banks of 

cryopreserved vials of cells, similar QC approaches can be used as adopted for banks of 

continuous cell lines (Section 5.5).  

Moreover, records recommended by Good Cell Culture Practice (GCCP) or other relevant 

guidance documents (e.g., ISO standards, GLP) should be kept. Guidance on cell and tissue 

culture work is available for either general (Coecke et al., 2005) or specific applications 

(Andrews et al., 2015; Geraghty et al., 2014; ISCBI, 2009; Pamies et al., 2016). 

2.5. Quality control of consumables and reagents 

All consumables and reagents should be evaluated to be fit for the intended purpose(s). 

Consumables such as flasks, cryovials, culture dishes, culture slides, tubes, cell scrapers, 

etc. in general will not require any in-house QC, however it is good practice to maintain 

any relevant documentation provided by the supplier, such as proof of sterility, date of 

arrival, expiry dates and batch numbers, as the suitability and acceptability of materials 

may be questioned by the GLP Monitoring Authorities.  

Test facilities can perform quality control checks of consumables, but the process how to 

do this is not always evident. Some test facilities have established procedures whereby a 

percentage of consumables from each batch/lot number are evaluated prior to use in in vitro 

work (e.g., for sterility testing). While this approach will not prevent contamination, it can 

provide data which can be useful for future evaluation of contamination. Ideally, sterile 

consumables with appropriate certificates should be used where possible. Alternatively, 

some consumables can be treated with ultraviolet (UV) light, gamma irradiation and/or 

autoclaved. Viral infection via such biological material as Foetal Calf Serum (FCS) 

(Section 4.3.1) can be avoided e.g., by gamma ray radiation of FCS (House et al., 1990; 

Nuttall et al., 1977). These preventive measures may be useful in limiting contamination. 

Other consumables, such as centrifugal filter units and filtered pipette tips, cannot be pre-

treated. In the case where no commercial sterile centrifugal filter units and/or filtered 

pipette tips are available, establishing a method for detecting contamination from these 

items is very important. 

Certain materials which are critical to the performance of a method may be subject to 

significant variation, such as growth promoting reagents, hormones and conventional 

serum products (functional tests including acceptance criteria need to be defined). These 

critical reagents should be reliably available and sourced from a reputable supplier (where 

possible alternative sources should be identified), and should either be accompanied with 

the supplier's Certificate of Analysis (CoA), or appropriate quality controls should be 

applied in-house (Good Cell Culture Practice (GCCP) and Good Cell Culture Practice for 

stem cells and stem-cell-derived models). These controls may include growth or functional 

characterisation and should be performed by qualified personnel according to documented 

procedures or formal SOPs.  

For some critical reagents it may be necessary to test for batch to batch variability so as to 

reduce the introduction of unknown variables, which may interfere with assay or overall in 

vitro method performance. For this purpose a batch is tested first and when approved, a 
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large quantity of the batch can be acquired to reduce variability during the performance of 

a certain number of assays. Successive batches may be tested in-house and the new batches 

compared against historical data (e.g., growth rates). 

For established reagents, the in vitro method uses the acceptance criteria of negative 

controls to identify eventual issues related to a new batch of reagents. Similar reagents 

obtained from different suppliers may each have specific and not necessarily the same 

acceptance criteria. Acceptance criteria should be established for reagents depending on 

the degree of risk they represent to the final results. This risk can be assessed by: 

1) Considering the potential impact of the perceived risk to prioritise certain reagents. 

2) Formally evaluating the Quality Management System (QMS) of the supplier and 

establishing suitable Agreements (e.g., Service Level Agreements (SLA)) with the 

provider ensuring quality, availability and shipment of the reagent. Acceptance of 

individual batches of reagents can be addressed by review of key elements of the 

certificate of analysis, compliance with specific conditions of the agreement 

provided by the manufacturer/supplier or a combination of these and supplementary 

evaluation which may include pre-use testing to assure that individual batches are 

fit for purpose. 

3) Assessing consistency of batch/lot qualification tests on critical reagents.  

2.6. Staff training and development  

Training is an integral part of all quality assurance systems, and must be formally planned 

and documented. For example GLP requires the maintenance of records of qualifications, 

training, experience and job descriptions of personnel (OECD, 1998a). Training should be 

formal, approved (certified), documented to a standard format and typically described in a 

SOP (WHO, 2009). Training should be proactive, enabling staff to acquire the skills and 

knowledge that, with experience, makes them competent in the cell and tissue culture 

aspects of their work or enables them to elicit an appropriate reactive response where 

necessary. New objectives and new activities or procedures (e.g., SOPs) will always 

involve some training, and therefore requires new certification of the involved personnel. 

GLP attaches considerable importance to the qualifications of staff, and to both internal 

and external training given to personnel, in order to maintain levels of excellence and 

ensure the procedures are performed consistently by all personnel. 

A list of core training for in vitro cell culture laboratory staff is detailed in the GCCP 

(Coecke et al., 2005). Special aspects of training are also referred to in other sections of 

this document where relevant. 

Documented training plans are useful to define procedures in which staff should be trained 

before they are considered competent. Regular review by line managers of staff 

performance is a useful tool for considering ongoing training needs. These may include 

regulatory requirements (e.g., GLP training), specific in vitro methods and their associated 

proficiency chemicals, use and storage of documentation, as well as general training in best 

practice such as indicated in GCCP (Coecke et al., 2005). When new staff is recruited to 

work in the laboratory, it is important to guide the staff and review and document any 

training requirements before assignment to carry out any tasks. It may be helpful to 

demonstrate competence by documenting individual elements of training followed, 

including competence to perform the procedure(s) independently.   

It is good practice to record all training in individual training files, including training 

records and periodic competency reviews. Supplementary training and education should 
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also be documented to demonstrate maintenance of ongoing professional development to 

provide assurance that current best practices are maintained.  

2.7. Types of documentation 

The importance of documentation cannot be over stressed as it is the only way to 

demonstrate the work performed, i.e. if it is not documented it did not happen. It should 

enable reconstruction of a study/experiment and is also essential for the interpretation of 

the results. 

Documentation in a quality system typically involves documents and records at several 

levels. The main document is a high-level, accurate description of the types of work 

performed by the organisation or group, key policies and standards adopted for delivering 

the work and the structure of the quality system. In some systems, this may be called a 

"quality manual". Another level may include overviews of procedures referring to the 

various specific testing methods involved at the next level. Finally, supporting the SOPs, 

there will be formal record sheets for test and control data and templates for reporting 

results. An overview of descriptive and prescriptive documents is provided in the World 

Health Organisation (WHO) handbook on quality practices in Biomedical Research (WHO, 

2013).  

The WHO divides documentation into two broad classes: 

 Prescriptive documents that give instructions as to what is to happen during the 

course of a study, such as SOPs and Study Plans. 

 Descriptive records that describe what actually happened during the course of the 

study, such as records of raw and derived data, study reports. 

Many quality systems require document management to assure that all documents are 

developed and approved in a formal process, that versions are accurately dated, authored 

and approved with specific version numbers to avoid inadvertent use of obsolete 

documents.  

Each institution should implement rules regarding the recording and retention of data. 

Record keeping, whether by hand or making entries to electronic systems, should meet 

certain fundamental elements of data integrity (Section 10.1).  

2.8. Quality considerations regarding electronic data integrity 

The integrity of electronic data, and how to assess it, should be described in the quality 

system. Some of the common issues that repeatedly come up in US Food and Drug 

Administration (FDA) warning letters are: 

 Common passwords. Sharing of passwords, or use of common passwords, does 

not allow the true identification of the operator, i.e. it is not attributable. 

 User privileges. The software application is not adequately configured so as to 

define or segregate user levels and users may have access to inappropriate 

privileges such as modification of methods and integration or even deletion of data. 

 Computer system control. Access to the operating system is not adequately 

implemented and users may modify system configurations (e.g., system clock) or 

allow unauthorised access to modify or delete electronic files; the file, therefore, 

may not be original, accurate, or complete. 
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 Processing methods. Integration parameters are not controlled and there is no 

procedure to define integration leading to concerns over re-integration of 

chromatograms at a later time. 

 Audit trails. In this case, the laboratory has turned off the audit-trail functionality 

within the system. It is, therefore, not clear who has modified a file or why. 

See Section 10.1 for a more in-depth discussion on data integrity. 
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Chapter 3.  Facilities 

Key message: In vitro cell and tissue culture facilities should be fit for purpose and a 

detailed understanding of the work flow for the in vitro method related processes is 

essential. The separation of specific laboratory functions and elements that can adversely 

impact in vitro method work need to be understood. 

Key content: Elaborates safety, safety risk assessment and management including 

descriptions of Risk Groups and Biosafety Level requirements, proper facility design to 

ensure integrity of the cell and tissue cultures, the in vitro method itself and the resulting 

data.  

Guidance for improved practice: This chapter describes guidance on level of separation 

to avoid cross-contamination and quarantine measures for new test systems. A flow 

diagram indicating movement of staff, materials and reagents, test systems and test and 

reference items, and waste collections shows what processes need to be separated. 

Recommendations for classification of infective microorganisms, laminar flow biological 

safety cabinets and biosafety levels, are given. 
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Facilities must be fit and suitable for the purpose of the work; that is, size, construction, 

and location should be appropriate, and the building should allow for the separation of 

activities. 

Higher containment levels may be required depending on the biosafety risk level (Section 

3.2.2) of the biological agents handled. If in vitro work is to be performed with test systems 

belonging to Risk Group III or IV (Section 3.2.1), which can cause severe human disease 

and may be a serious hazard to employees or spread to the community, then separated 

facilities, appropriate Biosafety Levels (BSLs) such as air filtration and negative pressure 

differences, will need to be maintained (Section 3.2.2). Risk Groups III and IV are more 

complex in complying with specific facility requirements and personnel skills. Therefore 

if possible, in vitro methods for regulatory use in human safety assessment should be 

developed to require mainly BSL 2 or less.  

3.1. Facility design 

When designing a new facility or modifying an existing facility, a safety risk assessment 

should be performed (Section 3.2), as safety should be included in the design phase. This 

is more critical for BSL 3 or 4 facilities (Section 3.2.2). It is important to understand the 

workflow for the intended processes and those aspects which could impact adversely on 

others, so that the facility design will facilitate smooth and safe laboratory procedures, 

storage and waste disposal. 

Facilities should be designed or adapted to minimise the risk of errors (e.g. mix-ups) and 

to avoid (cross-)contamination which may adversely affect the quality of the work 

performed. Services (e.g., gas, electricity, liquid nitrogen) should ideally be accessible for 

routine maintenance to minimise interference in laboratory work. All the necessary permits 

should be in place before any activities are initiated. Finally, there should be dedicated 

areas for data storage and archiving. An Uninterruptible Power Supply (UPS) should also 

be available for all critical equipment, including reagent/sample storage1 (especially critical 

for low-boiling point reagents) to ensure preservation in case of loss of power. 

The types of laboratory functions, along with the flow of work and materials, outlined in 

Figure 2 are among those to be taken into consideration for separation (physical or 

process/training), that someone establishing or running a facility should be aware of. It may 

not be possible or acceptable to separate all functions. Other functions, specific to the type 

of work performed, may also need to be taken into consideration. It is wise to avoid physical 

contact between materials transfers and waste removal so that there is very low risk of 

contamination from waste affecting reagents, cultures and test materials. 
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Figure 2: Flow of staff and materials to show separation of processes  

Note: It is recommended that each area have their own dedicated storage facilities so as to avoid mixing up test 

items and/or reagents. 

As contaminated working surfaces can lead to microbial contamination or cross-

contamination between test systems and pose a risk to the in vitro method quality, working 

surfaces should be easy to clean, resistant to acids, alkalis, solvents and disinfectants. There 

should be appropriate documented procedures for disinfection of work surfaces, safety 

cabinets and equipment. 

Physical separation of pre and post Polymerase Chain Reaction (PCR) assay stages should 

be maintained to minimise contamination and cross-contamination (Section 3.3). Between 

these two areas the work flow should be unidirectional. Equipment, consumables and 

laboratory coats should each have a dedicated area. It is recommended that facilities 

performing PCR methods should be organised in four discrete areas2. Requirements may 

vary with assay format e.g., real time PCR does not require post-PCR analysis3.  

1. Reagent preparation clean area - air pressure should be positive 

2. Nucleic acid extraction area - air pressure should be positive. If chemicals are 

stored in this area appropriate facilities and storage requirements should be in place. 

3. Amplification area - PCR machines are housed in the Amplification room. It may 

contain an area/cabinet with air pressure slightly positive for the nested PCR.  

4. Product analysis area - air pressure should be negative. 

Good Laboratory Practice (GLP) test facilities require archive(s) that should provide for 

the secure storage and retrieval of study plans, raw data, final reports, samples of test items 

and specimens (OECD, 2004a). Archive design and archive conditions should protect 

contents from untimely deterioration. 

3.2. Safety, risk assessment and management 

Countries or regions may have specific classification of microorganisms and/or other 

hazards, which should be consulted when performing the safety risk assessment.  
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A risk management approach should be used when introducing new processes or when 

modifying the design of the facility, so as to eliminate potential hazards prior to their 

introduction. Risk management is a process or method used to identify, evaluate and 

determine the appropriate way to deal with exposure to hazards and risk factors that have 

the potential to cause harm, and is an ongoing process that requires continuous review to 

ensure that the implemented control measures work as planned.  

When planning a safety risk assessment all hazards should be considered, including 

physical, chemical, photic and biological hazards and should comply with all national 

and/or international legislation. The risk assessment should not be limited to just the 

laboratory, but should also consider the entire site and any possible risks to the 

environment, including waste disposal for any hazardous materials and again should 

comply with national laws.  

Safety risk assessments should be performed by the individual(s) most familiar with the 

specific characteristics of the test systems being considered for use, the equipment, 

materials and reagents, the procedures to be employed, and the containment equipment and 

facilities available. Exposure to these hazards might be complex and may require specialist 

knowledge both in identifying and evaluating their associated risks and designing 

appropriate actions to avoid or minimise them. 

The transport of dangerous items should also be addressed in the risk assessment, 

specifically what precautions to take in case of spillage. International transport, either by 

rail, air or road should comply with international norms, e.g., International Air Transport 

Association (IATA) and/or the Dangerous Goods Regulations (DGR). 

Training of staff (Section 2.6) in preventative procedures such as the correct use of 

Biological Safety Cabinets (BSCs), aseptic techniques, use of personal protection 

equipment (PPE), waste disposal, etc., will not only ensure a safer working environment 

but will also benefit the quality of the work performed.  

3.2.1. Risk Groups 

In many countries biological agents are categorized in Risk Groups (Table 4) based on their 

relative risk. Most countries have national or local laws and regulations governing safety 

in the workplace. Many of these national regulations classify microorganisms based on the 

biological risks they present to human health and/or to the environment. While no agreed 

international classification scheme exists, the WHO formulated a set of minimum standards 

for laboratory safety detailing four risk groups, the last version having been published in 

2003. Variation of these four risk groups have been implemented into national laws 

worldwide. 
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Table 4: Classification of infective microorganisms by risk group 

Risk 
Group 
I 

low individual and community risk A microorganism that is unlikely to cause human disease or animal 
disease of veterinary importance. 

Risk 
Group 
II 

moderate individual risk, limited 
community risk 

A pathogen that can cause human or animal disease but is unlikely to be 
a serious hazard to laboratory workers, the community, livestock, or the 

environment. Laboratory exposures may cause serious infection, but 
effective treatment and preventive measures are available and the risk of 

spread is limited. 

Risk 
Group 
III 

high individual risk, low community 
risk 

A pathogen that usually produces serious human disease but does not 
ordinarily spread from one infected individual to another. 

Risk 
Group 
IV 

high individual and community risk A pathogen that usually produces serious human or animal disease and 
may be readily transmitted from one individual to another, directly or 

indirectly. 

Source: WHO (2003).  

3.2.2. Biosafety Levels 

The assignment of a biosafety level should take into consideration a multitude of factors, 

such as the microorganism or pathogenic agent used, the facilities available, the equipment 

practices and procedures and should not be just the automatic assignment according to the 

particular risk group (WHO, 2004). 

BSL prescribes procedures and levels of containment for the test systems and materials. 

Test facilities may be assigned to one of four BSL based on a safety risk assessment (Table 

5) 

Table 5. Summary of Biosafety Level requirements 

 Biosafety Level 

1 2 3 4 

Isolationa of laboratory No No Yes Yes 

Room sealable for decontamination No No Yes Yes 

Ventilation 

inward airflow No Desirable Yes Yes 

controlled ventilating system No Desirable Yes Yes 

HEPA-filtered air exhaust No No Yes/Nob Yes 

Double-door entry No No Yes Yes 

Airlock No No No Yes 

Airlock with shower No No No Yes 

Anteroom No No Yes - 

Anteroom with shower No No Yes/Noc Yes 

Effluent treatment No No Yes/Noc Yes 

Autoclave 

on site No Desirable Yes Yes 

in laboratory room No No Desirable Yes 

double-ended No No Desirable Yes 

Biological safety cabinets No Desirable Yes Yes 

Personnel safety monitoring capabilityd No No Desirable Yes 

Source: WHO (2004).  
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Cell lines and primary tissues may carry a variety of different microorganisms or 

pathogens, which can potentially cause human disease, pose hazard to employees and 

distort the in vitro method results. These should be handled at biosafety (hazard) level 2, 

unless known to be pathogen free including any likely serious human pathogens based on 

the origin and species of the material. This level of containment is also appropriate for 

monoclonal antibody-containing supernatants and cell homogenates. Access to level 2 

facilities should be restricted to authorised personnel only, and specific safety risk 

assessment and training activities should be followed according to the national legislation 

on level 2 containment (Coecke et al., 2005; Geraghty et al., 2014). 

3.2.3. Biological safety cabinets 

BSCs are designed to use HEPA filters to capture particles 0.3 micron or bigger. Many are 

also designed to recirculate a high percentage of the filtered air within the cabinet (e.g., 

Class II A1 and A2 recirculate about 70% of the filtered air in the BSC) and to exhaust the 

remaining filtered air into the room or, if fitted, to an exhaust system. When handling toxic 

chemicals in a BSC it is critical to know the percentage of air exhausted into the room, due 

to the possibility of personnel exposure, and also the percentage recirculated in the BSC as 

it could potentially affect the test system and therefore the results generated with the in 

vitro method.  

Chemical fume hoods, on the other hand, are designed to capture, contain, and exhaust 

hazardous fumes generated inside the hood, and should be used to handle and prepare 

hazardous chemicals whenever possible. When handling highly toxic materials the use of 

a glove box may be preferred (consult the facility's chemical risk assessment and/or the 

suppliers safety data sheets for the correct handling requirements). If a hazardous chemical 

is to be used in a BSC, the BSC should be equipping with an active carbon filter on the 

hood exhaust. The quantity of hazardous chemical used must be limited and where possible 

the pure hazardous chemical should not be handled inside the BSC. 

Most commercially available BSCs are certified (e.g., the public health and safety 

organization NSF International/The American National Standards Institute ANSI 49 - 

2012, Biosafety Cabinetry: Design, Construction, Performance, and Field Certification, 

BS/EN 5726 Microbiological safety cabinets) for the stated classification. This certification 

should also be confirmed once the cabinet has been installed in the facility so as to 

guarantee its proper functioning and regular testing performed to assure correct ongoing 

function.  

A commonly accepted classification based on their containment capabilities and 

performance attributes has been adopted by most manufactures (Table 5). At a minimum, 

all cell and tissue work should be performed in a Class II biological safety cabinet as even 

screened tissues or cell cultures may carry infectious agents not covered by virological 

screening. Class I BSC, where the airflow is directed inward into the cabinet, provides 

protection for personnel and the environment but not for materials or work inside the 

cabinet, as it does not prevent contact with airborne contaminants that may be present in 

laboratory air. Class II BSC, often referred to as vertical laminar flow cabinets due to a 

unidirectional HEPA-filtered air stream that descends downward, provide protection for 

the personnel, the environmental and for the work performed inside the cabinet (Table 5). 

For guidance in use of Class II cabinets refer to the Good Cell Culture Practice (GCCP) 

principles (Coecke et al., 2005). 
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Table 5: Classification of laminar flow biological safety cabinet 

Classification Biosafety 
Level 

Protection Provided Application 

Class I 1, 2, 3 Personnel and Environmental Protection 
Only 

low to moderate risk biological agents 

Class II 1, 2, 3 Product, Personnel and Environmental 
Protection 

low to moderate risk biological agents 

Class III 4 Total Containment Cabinets high risk biological agents 

If microscopes or other equipment are to be installed in a BSC, the cabinet should be 

checked for flow disruption so as to maintain the correct functionality of the BSC. 

Splashes and aerosols carry contamination and infection risks, which not only endanger the 

operator but may also compromise the integrity of the in vitro method (i.e., cross 

contamination of cell lines or introduction of adventitious agents) results. Therefore, all 

procedures should aim at minimising aerosol production. Any procedures likely to produce 

aerosols should be contained (e.g., using a BSC) or the material should be rendered 

harmless. 

3.2.4. Waste disposal 

Prior to introducing new or modifying existing procedures it is necessary, and often 

required by law, to carry out a safety risk assessment which will include the assessment of 

any potential risks related to the waste generated. For most commercially acquired 

chemicals and reagents the suppliers' documentation will enable rapid assessment of 

potential associated risk. For test systems acquired from commercial cell providers the 

provided documentation may also be used to facilitate the risk assessment; however, for 

test systems obtained from another laboratory the documentation provided, if any, will 

rarely be sufficient, placing an extra burden on the facility. It is important that 

decontamination procedures are also put in place and are tested for their efficacy against 

those microorganisms likely to be present. Laboratory generated waste should be disposed 

of on a regular basic and not allowed to build up in the facility. The flow of waste removal 

within the facility should be such as to minimise potential secondary contamination. 

3.3. Strategies to avoid cross-contamination 

It is the responsibility of all laboratory staff to ensure that the correct workflow is followed 

and appropriate training should be given to the personnel regarding the necessary 

precautions to minimise contamination and cross-contamination, e.g., training on the use 

of aerosol-free/aerosol filter pipet tips when working with PCR assays. 

Measures should be taken to ensure adequate separation of different biological agents and 

studies taking place in the same physical environment (OECD, 2004a). The integrity of 

each test system and study should be protected by spatial or temporal separation from other 

studies and test systems to avoid potential cross-contamination and mix-up. The flow of 

materials, staff and waste can be an important factor in controlling these issues and Figure 

2 gives an illustration of how this may be applied.  

Tissues and cells from different studies can be kept in the same incubator provided that 

they have the same incubation temperature requirements, are labelled appropriately, are 

spatially separated and none of the test items or solvents used are volatile enough to cause 

contamination. Tissues and cells from different species or in vitro methods where yeast and 
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bacteria are used require a higher level of separation. The most important issue here is to 

separate the areas used for cell culture/tissue and microbiological culture and that adequate 

care (e.g., use separate protective clothing) is taken not to carry over contamination from 

one area to the other, which would ideally be described in a SOP. Other degrees of 

separation may be achieved using the specific requirements described elsewhere for 

quarantine of untested material. 

Temporal separation of test systems is possible in biological safety cabinets by handling 

only one test system at a time. Before introducing a new test system the cabinet working 

surfaces and related equipment should be cleaned and decontaminated, for example by 

cleaning with 0.5% solution of hypochlorite (approx. 5000 ppm free chlorine) followed by 

70% isopropyl alcohol and then wiping with sterile wipes. The cabinet may then be exposed 

to UV light, if appropriate. 

Rooms and areas used for preparation and mixing of test and reference items with vehicles 

should allow for aseptic working conditions in order to minimise the risk of microbial 

contamination of the test system. 

When performing molecular biology techniques and especially PCR-based assays, which 

are high sensitivity methods, extreme care should be taken in facility design (Section 3.1) 

and operation. False-positive results can originate, for example, from sample-to-sample 

contamination from carry-over of nucleic acid from previous amplification of the same or 

similar target. Cloned DNA or virus-infected cell cultures may represent other source of 

contamination4. 

A major source of PCR contamination is aerosolised PCR products (Scherczinger et al., 

1999). Once these aerosols are created, being small, they travel and easily spread all over 

benches and equipment, where they can find their way into a PCR reaction and become 

amplified. Laboratories exclusively performing real-time PCR and properly discarding all 

amplified products without opening the reaction tubes or using sealed plates are less liable 

to contamination and could therefore be dispensed from the follow-up measures.  

A no template control and a reverse transcription negative control should always be 

included in the PCR reaction test runs to exclude contaminations in reagents, in the work 

environment etc. When performing real time PCR, the use of dUTP in place of dTTP in the 

dNTP mix is recommended, in this way, all amplicons generated will have dUTP 

incorporated in them. In the future, if that amplicon becomes the source of contamination, 

using the enzyme Uracil-DNA-glycosylase prior to PCR specifically targets dUTP-

containing DNA, resulting in excision of uracil, and prevents PCR contamination by a 

previous amplicon. The excision of uracil prevents the amplicon amplification by creating 

abasic sites in the amplicons. The abasic sites do not serve as good DNA templates for Taq 

polymerase. Therefore, the contaminated amplicons are prevented from being amplified 

further (Nolan et al., 2013; Taylor et al., 2010). 

It is recommended to colour code racks, pipettes and laboratory coats in the different areas 

so to be able to easily monitor their movement between the different areas. Powder-free 

gloves should be used throughout the process in all the different areas as the powder on 

powdered gloves might affect the assay outcome/performance. It is particularly important 

to always use powder-free gloves in the pre-PCR area, as the pre-PCR area is prone to 

contamination by RNases. 

The reagent preparation clean room should be free from any biological material such as 

DNA/RNA, cloned material, etc. Primers and reagents aliquoting is recommended to 

minimise contamination consequences. To ensure clean areas are kept free of amplicon at 
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all times, there should be no movement from the dirty area to the clean area. If under 

extreme circumstances a consumable or reagent needs to be moved back it must be 

thoroughly decontaminated with bleach and ethanol. Returned racks should be soaked in a 

0.05% solution of hypochlorite overnight before soaking in distilled water and placing in 

the clean area. To ensure minimal movement between areas during the running of 

molecular assays, it is optimal to have dedicated storage (freezer, fridge and room 

temperature) for each area. Room air pressure should be positive. 

In the nucleic acid extraction room/area samples are processed, reverse transcriptase step 

of RT-PCR are performed and DNA or cDNA, and positive controls are added to the PCR 

reaction mix (prepared in the reagent preparation clean room).  

Post-PCR manipulations such as agarose gel electrophoresis are performed in the 

Product analysis room/area. It is thus a contaminated area and therefore no reagents, 

equipment, pipettes, coats, etc. used in this room should be used in any other PCR areas. 

Bench areas should be wiped daily with hypochlorite solution following use and 

contaminated areas should be additionally decontaminated with ultra-violet radiation if 

available. Hypochlorite solutions containing more than 500 ppm available chlorine are 

corrosive to some metals and alloys and should not be applied to stainless steel (types 

304/347, 316 and 400 series) as it may lead to corrosion with repeated use. It is 

recommended for personnel working with post-PCR assay stages not to work with pre-

PCR parts later the same day. Monitoring of viable and non-viable particles of critical 

equipment surfaces and air flow within these areas/rooms may also be beneficial in 

controlling contamination. 

3.4. Air handling, water supply, environmental control, heating and cooling 

Air handling systems should be operated to ensure that the correct environment is 

maintained for the type of work conducted in the laboratory. These systems should be 

subject to regular maintenance and serviced by qualified personnel and records of 

maintenance, including modifications, should be retained to demonstrate appropriate 

upkeep and function. Where the in vitro work involves the use of human pathogens, the 

laboratory should operate with specific trained personnel, using biosafety level 3 or 4 and 

the room should be kept at negative pressure to guard against infection spread. When High-

Efficiency Particulate Air (HEPA) filters are used in differential pressure isolation rooms, 

the filters and their fittings and seals need to be thoroughly examined and tested at regular 

intervals (e.g., annually). Decontamination should be carried out before servicing is carried 

out. Air handling systems should also be designed to account for exhaust air from the Class 

II biological safety cabinets to be vented outside.  

Cell culture work requires cell/tissue culture grade water, which is usually deionised using 

reverse osmosis membrane separation, followed by passage through a series of carbon and 

micropore filters eliminating organic materials and pyrogens. Tissue culture grade water 

should be controlled for pH, conductance and total organic carbon. Note that pyrogens can 

be deleterious to cell cultures at concentrations below the level of detection for organic 

carbon. Where small quantities of purified water are required for cell culture, sterile Water 

For Injection5 (WFI) or other medically approved pure-water preparations may be used 

(Stacey and Davis, 2007). 

Heating, cooling and humidity should be adequate for the comfort of laboratory occupants 

and for operation of laboratory equipment, and should not adversely affect test system 

survival/behaviour and test item stability. For example, in some cases (e.g., preparation of 
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microscopic slides) specific humidity might be required. Desiccation of cell culture media 

should be avoided and most modern incubators will have humidification systems installed 

as standard. 

Many tissue culture media components are sensitive to white light (especially sun light), 

with blue wavelengths being of particular concern. Filters can be used in the room, on the 

windows and laminar flow cabinet light to reduce this exposure where necessary. 

Mid to long term storage of media is usually best at temperatures below ambient laboratory 

temperatures. Accordingly, an optimal solution may be to store all cell culture media at 

2°C to 8°C (refrigerator) or frozen (freezer) or as recommended by the manufacturer. There 

may be exceptions to this general rule but the manufacturers' instructions should always be 

consulted. 

3.5. Quarantine for new test systems 

New cells and tissues should be quarantined in the laboratory or in storage until determined 

to be free of contaminating microorganisms (Figure 2). However, exceptions may be made 

for specific cases: e.g., human blood samples cultured for chromosomal aberration test 

cannot be stored and must be used on the second day after receipt. It is important for those 

cases where quarantine is not possible to have supplier documentation, e.g., CoA indicating 

freedom of contamination. There may also be some cases where the CoA or proof of 

freedom of contamination is not provided directly with the test system, e.g., some 3D tissue. 

In these cases the contamination aspects should be assessed in parallel with the work and 

all work performed in a controlled environment. The test facility should not release any 

data acquired with this test system until freedom of contamination has been proven. Regular 

tests to identify contamination of microorganisms during the subsequent cell and tissue 

culture life cycle, including cell banking, are recommended (Section 5.7).  

Early checks of cell authentication (Section 5.6) are also recommended to avoid wasted 

time and resources on unauthentic cell lines. If separate laboratories/hoods/incubators are 

not available, steps should be taken to minimise the risk of spreading contamination 

(Geraghty et al., 2014). Alternatively, other steps can be taken to minimise contamination 

risks, such as handling the quarantine cells last on each day, rigorous post-manipulation 

disinfection of the work areas and placing cultures for incubation in a filter-sealed container 

into the general incubator (Geraghty et al., 2014). Any area used for the handling of 

quarantined materials should be routinely cleaned after each use, using a suitable 

disinfectant. Cells procured from a cell bank may be accompanied with a certificate of 

analysis which may list the contamination checks performed and provide details of testing 

methods. At a minimum, a mycoplasma test (Section 5.7, Table 9) should be performed 

upon receipt and cell cultures carefully observed for evidence of contamination.  
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Notes

1. Refers to prepared samples (e.g., cells treated with test, reference or control items) 

2.  Separate rooms or containment areas (such as PCR workstation, laminar flow cabinet). 

3.  See: https://www.gov.uk/government/publications/smi-q-4-good-laboratory-practice-when-

performing-molecular-amplification-assays 

4. See: https://www.gov.uk/government/publications/smi-q-4-good-laboratory-practice-when-

performing-molecular-amplification-assays 

5. Also known as Water for Irrigation (WFI) 

 

https://www.gov.uk/government/publications/smi-q-4-good-laboratory-practice-when-performing-molecular-amplification-assays
https://www.gov.uk/government/publications/smi-q-4-good-laboratory-practice-when-performing-molecular-amplification-assays
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Chapter 4.  Apparatus, material and reagents  

Key message: Apparatus, including validated computerised systems, should be regularly 

maintained, calibrated and validated (if required). Material and reagents should be 

purchased from well-established sources to ensure the integrity and reliability of the in 

vitro method results. 

Key content: Quality requirements for equipment, material and reagents (e.g., use of 

serum, alternatives to the use of animal sourced serum, antibiotics, special media, 

certificate of analysis, stability and traceability) are detailed. 

Guidance for improved practice: By detailing the diversity in availability of in vitro related 

materials and reagents the reader can identify for his/her work their advantages and 

limitations. 

Recommendations are given to reduce experimental variability and increase within- and 

between-laboratory reproducibility by understanding the material and reagents you are 

working with and to take care that calibrated apparatus performance checks are carried 

out and operation limits are set adequately. 
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4.1. Apparatus 

Apparatus, including computerised systems, used for the generation, storage and retrieval 

of data, and for controlling environmental factors relevant to a study should be suitably 

located and of appropriate design and adequate capacity. Apparatus should be periodically 

inspected, cleaned, maintained, and calibrated according to Standard Operating Procedures 

(SOPs) and records of these activities should be maintained (OECD, 1998a). In general, all 

apparatus used should be operated by trained staff. 

The routine requirements for apparatus used in a Good Laboratory Practice (GLP) 

environment apply equally to apparatus used for in vitro studies (OECD, 2004a). However 

to ensure the integrity and reliability of some results, certain equipment such as 

microbalances, plate readers, centrifuges, micropipettes, laminar air flow biological safety 

cabinets, fridges and freezers, water baths, and incubators should be regularly maintained, 

monitored and calibrated (if applicable). Calibration standards should be traceable to 

international standards if possible. For each type of equipment, critical parameters (e.g., 

supply of gases for mass spectrometry, liquid nitrogen levels in storage containers, low 

temperature storage (fridge/freezers), temperature and CO2 levels in incubators) should be 

identified as requiring continuous monitoring or the setting of limit values together with 

installation of alarms. 

Centrifuges which are routinely used in cell and tissue culture work (subculturing, 

cryopreservation, etc.) may produce aerosols and therefore it is important to consider 

models that have sealed buckets. Ideally, one should consider working with models where 

the condition of the load can be observed without opening the lid. Besides the containment 

issues for centrifuges it is necessary to specify centrifugation speeds as G-force (g) rather 

than Revolutions Per Minute (RPM) (unless the rotor radius is stated), incubation 

conditions, time and volumes of centrifugation with tolerances when relevant, and any 

other information that enables the accurate reproducibility of procedures. In addition, 

procedures should be established on cleaning, including cleaning frequency of buckets, 

caps, adapters, rotor, and bulkhead so as to reduce the possibility of contamination of 

cultures. Procedures should also be established regarding potential exposure and how to 

respond in case of an emergency (e.g., broken tubes). 

Working with cell and tissue culture requires a strictly controlled environment for cell 

growth. This is achieved using specialised incubators which provide the correct growth 

conditions (temperature, humidity, CO2 levels), which should be controlled (and logged) 

on a regular basis. Incubators that use a nebuliser to deliver humidity are preferred to older 

models which use a water pan/basin for the same purpose. This combination of high 

humidity and temperature increases the risk of bacterial or fungal contaminations and 

therefore care should be taken when using a water pan/basin equipped incubator. If using 

an incubator with a water pan/basin, sterile distilled (or equivalent) water should be used, 

and antifungal or bactericidal agents can be added to the water pan/basins to reduce the risk 

of bacterial and fungal growth. However, any possible impact due to the use of these agents 

on the in vitro method to be carried out should be checked and documented. Good practice 

is to avoid contact of any bactericidal/fungicidal agent with the cells and/or reagents used 

in tissue or cell culture. Another option to reduce the risk of microbial contamination is to 

use copper-coated incubators which are now available. Incubators with self-sterilising 

cycles may also be used, although this does not replace regular cleaning and maintenance.  

Similarly, water baths used to thaw and/or to warm up stored solutions like medium and 

frozen stocks, or to defrost vials of cryopreserved cells and tissues, carry a high risk of 
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introducing contamination. Sterile or deionised water should be used and the water should 

be regularly changed. It is good practice to carefully wipe down media bottles and/or 

cryopreserved vials with paper towels wetted with 70% (isopropyl) ethanol or other 

sterilising solutions before their transfer to a Biological Safety Cabinet (BSC). The use of 

bactericidal and fungicidal agents in water baths can aid in the control of contamination, 

but their impact on the test system should be checked and documented, and avoided where 

possible. Bead baths may also be used so as to reduce cross-contamination that may be 

more likely in water baths, especially when using tubes that may not be water-tight. Bead 

baths sometimes take longer to get up to the set temperature and accidental spills or 

contamination requires thorough washing and decontamination of the beads.  

A BSC (Section 3.2.3) should be considered as a critical piece of equipment for cell and 

tissue culture work, since, when it is used correctly (Section 3.2.3), it ensures a clean 

working environment providing protection for both the operator and for cells/tissues and 

other materials and reagents. BSCs require regular service and maintenance such as 

integrity testing of High-Efficiency Particulate Air (HEPA) filters, testing of airflow 

velocity profile and testing of non-viable particle counting to make sure the cabinet is fully 

functional. Laboratory personnel must be fully trained in how to work within the BSC so 

to maintain aseptic culture technique.  

For equipment such as refrigerators and freezers, temperatures should be checked regularly 

and preferably logged, e.g., using data loggers to record the temperature at set intervals. In 

addition to the regular recording of temperatures, an alarm system to alert staff when 

acceptable operating limits are exceeded is desirable, and a backup system should be in 

place, such that materials may be transferred from one fridge/freezer to another, in case of 

malfunction or for cleaning. 

Acceptable operating limits should be set, monitored and recorded for all measuring 

equipment. Equipment should be fit for purpose with respect to sensitivity and selectivity. 

Equipment used to perform measurements should be calibrated1 or verified2, usually 

described in the facility SOP(s), at specified intervals or prior to use. As an example, 

pipettes or micropipettors may need to be checked more frequently than centrifuges. If 

during the checking errors are encountered, the pipette may need to be adjusted and 

recalibrated to ensure it meets the stated acceptable operating limits. A maintenance 

schedule should be implemented detailing the frequency of maintenance (e.g., yearly) of 

all equipment. 

When pipetting volatile/viscous liquids or suspensions, it is strongly recommended to use 

positive displacement pipettes. Certain chemicals may exhibit non-specific adsorption to 

the plastic tips of pipettes and the use of low-binding materials (including glass) or acoustic 

droplet ejection (Ekins et al., 2013; Grant et al., 2009) can be utilised to alleviate these 

issues.  

It may be necessary to have separate procedures for regular checks and complete calibration 

depending on the frequency of use and the criticality of the instrument. The frequency of 

checking may be extended if historical data shows low failure rates. When equipment such 

as a pipette is out of specifications during a calibration, it is important to determine how to 

interpret data that have been generated since the most recent successful calibration and 

determine the impact of the potential deviation on the outcome of the study. Therefore, it 

is crucial to record every piece of equipment, uniquely identified, that has been used during 

the performance evaluation of an in vitro method. In general, facility practices should 

ensure that equipment is within specifications before the start of a study and throughout the 

experimental phase to avoid rejection of the in vitro study data.  
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Complex instrumentation, i.e. computerised systems including robotic systems, should be 

formally validated prior to use in a GLP study and procedures should be established to 

ensure that these systems are suitable for their intended purpose and are operated and 

maintained in accordance with the Principles of Good Laboratory Practice (OECD, 2016b, 

1998a). The level of validation will depend on the systems complexity and its intended use 

and usually includes documentation of User Requirement Specifications (URS), a 

validation plan and report, user acceptance testing and reporting. More complex systems 

require in addition formally documented qualification of the system via Design 

Qualification (DQ), Installation Qualification (IQ), Operational Qualification (OQ), and 

Performance Qualification (PQ), where the IQ and OQ may be performed by the 

supplier/manufacturer. Whatever approach is taken, it should be justified by a documented 

risk assessment (FDA, 2001; OECD, 2016b). The Official Medicines Control Laboratories 

(OMCLs) guidelines for qualification of equipment may be helpful in designing the 

validation for a given computerised system (OMCL, 2011). 

To enable broader use of a new method, successful transfer to a range of equipment (if 

applicable) and different laboratories should be demonstrated. This increases the robustness 

of the method. To increase transferability, preference should be given to the use of 

generally widely available equipment. In addition, the impact of the use of a certain type 

or brand of equipment on the outcome of the individual assays or the overall in vitro method 

needs to be determined. An in vitro method should specify the requirements the equipment 

should meet to be used for the specific method. 

4.2. Materials and reagents 

Reagents are often selected on the basis of historical use or from references in relevant 

documents associated with regulatory accepted in vitro methods (e.g., validation reports, 

in vitro method SOPs). It is good practice to have procedures for maintaining and 

controlling laboratory stocks of reagents such as maintaining a minimum stock level for 

critical reagents. 

The in vitro method should use reagents from well-established sources (to avoid as much 

as possible labour intensive control checks), preferably certified suppliers. OECD 

recommends that suppliers implement the International Standard ISO 9001, and 

particularly Part 1 - Specification for Design/Development, Production, Installation and 

Servicing (OECD, 2000a). Nowadays most suppliers have adopted manufacturing practices 

which comply with formal national or international standards, such as ISO 9001. 

Identification and qualification of alternate suppliers for critical reagents and materials is 

also recommended. 

Preparation of reagents should be tracked (e.g., by use of logbook or electronic record(s)) 

to retain information such as the supplier, catalogue number, batch/lot numbers (if 

appropriate), dates of preparation and expiry, and the names of the operator involved in the 

preparation. For both reagents and reagents mixtures, the container should be inert and not 

affect the stability of the substance or mixture. Attention will also need to be given to the 

suitability of reagents and to the safety and ethical provenance of cells (Good Cell Culture 

Practice (GCCP) and Good Cell Culture Practice for stem cells and stem-cell-derived 

models). 

Labelling of reagents should be defined in a procedure (SOP) and should include identity, 

concentration (if appropriate), expiry date and specific storage instructions. The expiry date 
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may be extended on the basis of documented evaluation or analytical analysis (OECD, 

1998a). 

Storage should be done according to the manufacturer's specifications as detailed in the 

Certificate of Analysis (CoA) or product information sheet. Some solutions, e.g., solutions 

which require storage below 0°C, may be aliquoted in order to minimise the number of 

times a bottle is opened and thus minimise the risk and spread of contamination and avoid 

repeated freeze/thaw cycles. When reagents need to be thawed and possibly frozen again, 

it is recommended to determine the number of freeze/thaw cycles that the reagents can 

withstand (EMA, 2011; FDA, 2001; Viswanathan et al., 2007). Stability of aliquots should 

be verified in the laboratory performing the in vitro method and should not be based solely 

on literature data. 

Even when reagents are sourced from a reputable supplier, it remains important to assure 

the stability of the reagents during shipment conditions, in addition to the storage. For 

example, reagents shipped frozen should arrive frozen and this should be documented on 

the receiving document. The presence of a data logger is the best practice in these cases. 

Quality checks, if required, should be performed according to pre-defined procedures 

described in SOPs. Normally, stability of the analyte in the studied matrix is evaluated 

using at least triplicate samples of the low and high concentrations, which are analysed 

immediately after preparation and after the applied storage conditions that are to be 

evaluated. The thawed samples are analysed against a calibration curve, obtained from 

freshly prepared calibration standards, and the obtained concentrations are compared to the 

nominal concentrations. The deviation should be within previously established acceptance 

criteria (usually ±20%) (EMA, 2011). It is absolutely necessary that the number of cycles 

in the freeze/thaw stability evaluation should equal or exceed that of the freeze/thaw cycles 

of study samples.  

4.3. Use of media in cell culture  

Depending on the circumstances, the basal culture medium can be animal serum-

supplemented (as in traditional cell culture methods) or serum-free, but supplemented with 

additives necessary for obtaining satisfactory cell proliferation and production, or for 

maintaining a desired differentiation status. Many slightly different formulations exist 

under the same general medium names, such as Minimum Essential Medium (MEM), and 

even subtle changes in the medium formulation can substantially alter the characteristics 

of certain cells and tissues. In many cases, these variations are deliberate for specific 

applications. Therefore, the medium to be used should be precisely specified, and it is 

essential to check that new supplies of medium meet the required specifications (Coecke et 

al., 2005). If a medium other than that recommended/indicated by the cell provider is used 

then the justification should be documented and the effect on baseline cell properties should 

be determined and provided with the final data. 

The use of animal sourced serum in cell culture 

Serum is a complex mixture, introducing undefined components into the medium. Many of 

these substances have not yet been identified, and in many cases the effects on cultured 

cells are as yet unclear. Animal serum can be derived from adult, new born or foetal 

sources, but typically less than 24 months old animal sources should be used3 (Festen, 

2007). Bovine sera are most commonly used and Foetal Calf Serum (FCS)4 has become the 

standard supplement for cell culture media in the last few decades.  
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In vitro method developers must determine serum specifications that meet their particular 

needs and match the natural behaviour of the cells as much as possible, including defining 

the maximum acceptable levels of serum components, such as immunoglobulins (which 

may have inhibitory effects), endotoxins (indicative of bacterial contamination, but are also 

powerful cell mitogens), and haemoglobin (indicative of haemolysis during clotting). 

Furthermore, if the quality of the serum is deemed critical to the performance of the method, 

more rigid testing requirements will apply and should be specified in the respective Test 

Guideline (TG).  

Ideally, sera should be obtained from vendors that can provide traceability certification 

from industry bodies such as the International Serum Industry Association (ISIA). Vendor's 

documentation, usually in the form of a CoA, generally include country of origin and 

traceability information, filtration steps used in serum processing, sterility testing, 

screening for mycoplasma and virus, endotoxin, lot number, storage conditions etc. 

(Sadeghi et al., 2017). Test facilities rely on the documentation the supplier provides, 

including the compatibility of different lots/batches of serum.  

Batches of serum can differ dramatically in their ability to support the growth of cell lines 

due to variation in the concentration of growth factors and hormones, therefore, new 

batches should be tested on the appropriate cell line(s) for cell attachment, spreading, 

cloning efficiency, growth rates and activity in functional assays (Geraghty et al., 2014). 

Testing of serum batches will ensure in-house reproducibility. Some facilities, based on 

experience with specific test systems, do not always perform full additional batch testing 

however this should be judged on a case by case basis.  

Serum can interfere with phenotypic cell stability, and may influence experimental 

outcomes. Serum can suppress for instance embryonic stem cell differentiation and tissue 

formation. The use of FCS can possibly lead to unexpected or undesired outcomes, e.g., 

FCS can inhibit transforming growth factor (TGF)-β1-induced chondrogenesis in 

fibroblast-like type-B synoviocytes (Bilgen et al., 2007). FCS compared to autologous 

(human) serum has been found to induce a more differentiated and less stable 

transcriptional profile in human bone marrow mesenchymal stem cells, particularly at late 

passages, as shown by analysis of genome-wide microarray analysis (Shahdadfar et al., 

2005).  

Cell lines which have been derived or cultured long-term in serum-containing media may 

become dependent on the multitude of growth factors present and may experience a 

phenotypic drift upon abrupt serum withdrawal. This may manifest as growth arrest or 

activation/inactivation of various signalling pathways. These effects can be overcome by 

adaption to serum-free culture conditions (Section 4.3.2) using specific protocols (Beltran 

Paschoal et al., 2014; Leong et al., 2017; Sinacore et al., 2000) for a gradual weaning of 

cells (van der Valk et al., 2010).  

4.3.1. The use of animal sourced serum in cell culture for endocrine activity 

To study the effects of chemical substances that may have endocrine activity (e.g., steroid 

hormones), endogenous hormones, growth factors and cytokines are removed by charcoal 

stripping of serum. If FCS is required in Endocrine Active Substances (EAS) in vitro 

methods, it is necessary to use Dextran-Coated-Charcoal-treated Foetal Calf Serum5 (DCC-

FCS) when performing these tests. DCC-FCS as a basic component of cell culture medium 

has become the standard supplement and has been listed in several OECD TGs, e.g., TG 

455 and TG 458.  
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A 2005 study found that DCC-FCS affected the commitment of osteoprogenitor KS483 

cells, strongly promoting adipogenesis compared to normal FCS containing medium, 

which drives KS483 cells to differentiate into only osteoblasts (Dang and Lowik, 2005). 

This suggests possible unpredictable effects of DCC- FCS on progenitor cell 

differentiation.  

4.3.2. Alternatives to the use of animal sourced serum  

The use of serum has been discouraged in recent years due to the undefined nature of the 

medium, batch variability that may contribute to experimental variability and lack of 

reproducible data, and potential limitation in consistency and availability of supply. 

Moreover, in vitro methods, including components, are often developed for legislative or 

ethical reasons to replace animal methods. In 2008 the ECVAM Scientific Advisory 

Committee (ESAC) stated that "for methods forwarded to ECVAM for 

validation/prevalidation where [the use of non-animal alternatives to serum] is not fulfilled 

a justification for future use must be provided, including measures taken to seek non-animal 

alternatives to [FCS]" 6. The drawbacks of using FCS and the recommendation to replace 

it with available chemically defined serum free media is already discussed in the GCCP 

guidance document issued by EURL ECVAM (Coecke et al., 2005). Furthermore, it is 

recommended to develop new in vitro methods with a serum-free, chemically-defined 

medium, to avoid potential sources of uncertainty that may be introduced by using animal 

serum (Jochems et al., 2002; Pamies et al., 2016). 

Serum-free media (Table 6) are thought to circumvent many of the drawbacks of using FCS 

including the batch to batch variability issues associated with serum and offer better 

reproducibility and the potential for selective culture and differentiation of specific cell 

types (Geraghty et al., 2014). Nevertheless, serum-free compositions may still need to be 

validated and monitored similarly to serum containing media as they are often not 

completely chemically defined. A source of a range of commercially available serum-free 

media for cell-culture, as well as medium compositions obtained from scientific literature, 

is provided by the 3Rs-Centre ULS in collaboration with Animal Free Research UK (FCS-

free database7). 

Table 6: Serum-free media  

Media Description 

Serum-free Does not require supplementation with serum, but may contain discrete proteins or bulk protein 
fractions (e.g., animal tissue or plant extracts) and are thus regarded as chemically undefined 

(see: chemically defined media). 

Protein-free Does not contain high molecular weight proteins or protein fractions, but may contain peptide 
fractions (protein hydrolysates), and are thus not chemically defined. Protein-free media facilitate 

the down-stream processing of recombinant proteins and the isolation of cellular products (e.g., 
monoclonal antibodies), respectively. 

Animal-product-free  Does not contain components of animal or human origin. These media are not necessarily 
chemically defined (e.g., when they contain bacterial or yeast hydrolysates, or plant extracts). 

Chemically defined Does not contain proteins, hydrolysates or any other components of unknown composition. Highly 
purified hormones or growth factors added can be of either animal or plant origin, or are 

supplemented as recombinant products (see: animal-product-free media). 

Source: Van der Valk et al., 2010. 

The use of human serum was originally restricted to specialised applications (Coecke et 

al., 2005). However due to better quality controls, including documentation to demonstrate 

origin and viral safety, human serum has become more widely used (Blázquez-Prunera et 
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al., 2017; Dessels et al., 2016; Even et al., 2006; Gstraunthaler et al., 2013; Jochems et al., 

2002; Kanafi et al., 2013) and has been shown feasible by adapting the KeratinoSensTM 

skin sensitisation test to xeno-free cell culture (Belot et al., 2017). The same critical points, 

e.g. batch-to-batch variability, as for any serum-derived products hold true.  

Human platelet lysates (hPLs) have been proposed as an alternative growth supplement to 

FBS. hPLs are the result of freeze-thawing platelet concentrates and contain several growth 

factors (Bieback et al., 2009). Platelet concentrates, typically products manufactured for 

transfusion purposes, can be used as a cell culture supplement after the shelf life of the 

donation program has expired. As these programs are managed by certified blood donation 

centres, hPLs are therefore obtained from safe and clinically tested sources. hPLs have now 

been successfully used in several applications such as growth and maintenance of renal 

epithelial cell lines and human mesenchymal stromal cells, and storage of human tissues 

for patient related treatment (van der Valk et al., 2017). hPLs cannot be considered a 

defined supplement, though.  

Other serum free media can include poorly defined supplements such as pituitary extracts, 

chick embryo extracts, bovine milk fractions or bovine colostrum. Furthermore, some so-

called ‘defined’ media contain complex serum replacement mixtures including chemically 

undefined agents. Notably B27 and its alternative NS21 used in the culture of neural cells 

contain bovine serum albumin and transferrin which can exhibit batch to batch variation in 

biological activity (Chen et al., 2008). Therefore, it may be useful to carry out pre-use 

testing on new batches of reagents which could demonstrate variability that cannot be 

foreseen from the manufacturers’ information. Another example of an essential component 

prone to batch to batch variability is the so-called ‘basement membrane extract’, purified 

from Engelbreth-Holm-Swarm (EHS) mouse sarcoma cells and marketed under various 

trade names. 

Chemically-defined media are cell-type specific, in contrast to FCS (van der Valk et al., 

2017), and have to be selected and optimised for the selected cell type (Price, 2017). These 

media are commercially available for many cell types8, but the formulations of these are 

generally not released because of proprietary reasons. Therefore, it is important to check 

before use what cell lines a chemically-defined medium is available or optimised for. It is 

also possible to develop a chemically-defined medium and adapt cells as defined by van 

der Valk (van der Valk et al., 2010). Applying factorial design approaches have been shown 

to minimise the screening time, allow prediction for best medium formulation and can be 

used as a high-throughput medium optimisation platform (Zhao et al., 2017). 

Serum-free medium formulations for culturing of stem cells, such as human Embryonic 

Stem Cells (hESCs) and human induced Pluripotent Stem Cells (hiPSCs), show promise 

for applications in toxicology, regulatory testing and biomedical research (Colatsky et al., 

2016). A recent study (van Velthoven et al., 2017) indicates that stem cells in vivo may 

have a very different gene expression profile in vitro which should be taken into 

consideration when conducting in vitro studies examining stem cell function. Both hESCs 

and hiPSCs are often maintained on inactivated mouse embryonic fibroblasts or under 

feeder-free conditions (using extracellular matrices) in chemically defined, serum-free 

media, in order to avoid the presence of undefined or unknown serum components (which 

may compromise the differentiation towards desired cell lineages) and the risk of 

contaminations from pathogens (e.g., mycoplasma, viruses, and prions) (Pistollato et al., 

2012; Yamasaki et al., 2014).  
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4.3.3. The use of phenol red in cell culture 

Phenol red is used in the cell culture as a convenient way to rapidly check on the health of 

cell or tissue cultures. In the initial cell culturing stage, a small amount of phenol red is 

often added to the cell culture medium. Under normal conditions most living cells or tissues 

prosper at a near-neutral pH, i.e. a pH close to 7, and the culture medium has a pink-red 

colour as an indicator colour. Under abnormal conditions, cellular waste products or 

contaminants will cause a change in pH, leading to a change in indicator colour.  

Phenol red can interfere with some spectrophotometric and fluorescent assays, and it is also 

weakly estrogenic. To avoid the possibility of interference with specific assays, it is 

therefore recommended that phenol red-free medium be used. 

4.4. The use of antibiotics in cell culture 

Routine cell and tissue culture according to GCCP (Coecke et al., 2005; Geraghty et al., 

2014; Stacey and Davis, 2007) should not require the use of antibiotics as it can never be 

relied on as a substitute for effective aseptic techniques. However, its use is still widespread 

e.g., OECD TG 432 (OECD, 2004b) due to established routine procedures in many 

laboratories. Antibiotics are agents that may arrest or disrupt fundamental aspects of cell 

biology, and, while they are effective against prokaryotic cells (i.e. bacteria), they are also 

capable of causing toxic effects in animal cells. Not surprisingly, antifungal agents, being 

directed at higher order, eukaryotic microorganisms, are likely to be more toxic to animal 

cell cultures. In addition, antibiotics often make it more difficult to detect microbial 

contamination. Given these obvious contra-indications, the use of antibiotics in cell and 

tissue culture should be focused in two areas: a) protection of materials at high risk of 

contamination such as tissues, organs and primary cultures in cases where sterility cannot 

be guaranteed; and b) the positive selection of recombinant cell clones based on the 

expression of antibiotic resistance genes (Coecke et al., 2005). If antibiotics are needed, a 

justification for the use of antibiotics in the procedure is recommended. 

4.5. Additional media components 

Some media components are heat labile (e.g., L-glutamine), sensitive to light (e.g., retinoic 

acid) or have a limited half-life in diluted state or at high ionic strength, such as in prepared 

media (e.g., epidermal and fibroblast growth factors). These issues are best addressed by 

preparing a small volume of media necessary to cover the period of stability of the most 

sensitive component and discarding bottles after a set time period. Appropriate size aliquots 

of those labile components may be frozen by an appropriate method for long-term storage. 

In this respect, stock solutions with low concentrations of protein aqueous growth factors 

may require the addition of albumin or other excipients to prevent adsorption to plastic and 

to increase stability in the frozen state. Stabilised forms of glutamine and retinoic acid are 

also available to avoid these issues. 

In case culture media or other reagents have to be sterilised via heat or filtration, the impact 

of the procedure (e.g., comparison of doubling time to historical data) should be assessed 

and recorded. For example, heat sterilisation may result in degradation (or denaturation) of 

one or more of the components and filtration can remove individual and/or essential 

components (e.g., Fe2+ or Fe3+ iron products that enhance growth of mammalian eukaryotic 

cells in serum-free cultures). 
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4.6. Dedicated media for particular cell lines 

Different cell types or tissues need to be cultured in media containing various components 

at different concentrations to allow optimal growth. Although certain cell lines may be 

grown in media with the same composition, sharing media between cell lines increases the 

risk of cross-contamination. Therefore, each cell line should be cultured with separate 

dedicated media, which must not be shared with other cell lines. It is important to note that 

different media types are not only used for different cell cultures, but also for the same 

culture (e.g., when differentiating HepaRGs to hepatocyte-like cultures or primary lung 

epithelium cells in air-liquid interface culture different media are used in the differentiation 

procedures). Sharing media between laboratory personnel also increases the risk of 

contamination and cross-contamination and should be avoided.  



ENV/JM/MONO(2018)19 │ 81 
 

GUIDANCE DOCUMENT ON GOOD IN VITRO METHOD PRACTICES (GIVIMP) 
Unclassified 

Notes

1.  Calibration, as used here, is a measurement against a known standard and may involve 

adjustment of the apparatus, which may or may not be described in the equipment manual. 

2.  Verified, as used here, is a confirmation that the device fulfils specified requirements where no 

adjustment is possible. 

3.  http://www.thermofisher.com/it/en/home/life-science/cell-culture/mammalian-cell-

culture/fbs/other-sera/bovine-serum.html 

4.  Also known and available as Foetal Bovine Serum (FBS) 

5.  Also known as Dextran-Coated-Charcoal-treated Foetal Bovine Serum (DCC-FBS) 

6.  https://eurl-ecvam.jrc.ec.europa.eu/about-ecvam/archive-

publications/publication/ESAC28_statement_FCS_20080508.pdf 

7.  https://fcs-free.org/ 
8.  https://fcs-free.org/ 

 

 

http://www.thermofisher.com/it/en/home/life-science/cell-culture/mammalian-cell-culture/fbs/other-sera/bovine-serum.html
http://www.thermofisher.com/it/en/home/life-science/cell-culture/mammalian-cell-culture/fbs/other-sera/bovine-serum.html
https://eurl-ecvam.jrc.ec.europa.eu/about-ecvam/archive-publications/publication/ESAC28_statement_FCS_20080508.pdf
https://eurl-ecvam.jrc.ec.europa.eu/about-ecvam/archive-publications/publication/ESAC28_statement_FCS_20080508.pdf
https://fcs-free.org/
https://fcs-free.org/
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Chapter 5.  Test systems 

Key message: With the advances in science and technology a variety of different cell and 

tissue culture-based test systems have been developed but only few have been used in 

regulatory-approved test guideline methods due to reliability issues caused by a variety of 

elements described in this chapter. 

Key content: Elaborates on Good Cell Culture Practice (Coecke et al., 2005; Pamies et 

al., 2016), logistics, cryostorage, handling, identification, containment, authentication and 

characterisation of the test system (e.g., cell lines, stem cells, primary cells, engineered 

tissues, etc.) already at the development stage. 

Guidance for improved practice: Processes for checking test system identity and 

characteristics, comparison of ultra-low cryostorage methods and good subculture, 

cryopreservation and banking practices are given. 

Recommendations are given for cell and tissue sourcing, contaminants screening, test 

system biomarkers and functional tests, since it may have influence on various aspects of 

the in vitro method. 
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Data from in vitro cell and culture-based test systems are routinely used by industries and 

regulatory bodies in toxicity testing, safety assessment, and risk evaluation. The greatest 

use of in vitro test systems, however, is for elucidating mechanisms of toxicity and/or 

demonstrating the biological process involved, when exposing test systems to toxicants of 

various kinds.  

In vitro methods utilise many types of test systems. The same biological source can be 

grown in different culture conditions, presented in different formats, and exposed to test 

item(s) through different means following different in vitro method procedures. For 

example, normal human keratinocyte cells can be cultured in a monolayer system for the 

neutral red uptake assay or cultured at the air liquid interface on a collagen matrix for the 

skin irritation test. These can be considered as two separate and distinct test systems and 

should be handled as such. Therefore, in this case it may be more appropriate to define the 

test system as the final preparation of those cells rather than normal human keratinocytes. 

As in vitro test systems become more sophisticated, the definition of the test system will 

need to cover the biological, chemical, or physical system in the finalised platform to be 

used for testing. 

The need for more physiologically and human relevant in vitro test systems has led to a 

major effort to use microphysiological and microfluidic technologies in combination with 

advanced test systems including human stem cells (Watson et al., 2017). With the advances 

in genetics and genetic screening approaches, routine in vitro methods already include the 

use of genetically altered cells, stem cells, stem-cell-derived models, organ-on-chip models 

(microphysiological systems; MPS) or other complex and sophisticated systems (Soldatow 

et al., 2013). To date most of these novel methods are not yet ready for regulatory purposes, 

however rapid progress is being made with these new approaches. 

The development process of such complex test systems requires characterisation in terms 

of viability, functionality, genotypic and phenotypic characteristics, which can be 

challenging. These extensive development efforts take place mainly in the in vitro method 

developer's laboratory. Moreover, reliability and performance of these novel in vitro 

methods will need to be determined before the method can be validated (Chapter 8). 

5.1. Guidance on Good Cell Culture Practice 

Good Cell Culture Practice (GCCP) identifies a set of core principles of best practice for 

working with simple but also with more complex cell and tissue culture systems  (Good 

Cell Culture Practice (GCCP) and Good Cell Culture Practice for stem cells and stem-cell-

derived models). The principles of GCCP published in 2005 remain highly relevant to cell 

culture practice for in vitro methods today and may be applied to a broad set of applications, 

including research, manufacture of medicines, and laboratory based Good Laboratory 

Practice (GLP) testing. GCCP is a vital component of GIVIMP as it provides detailed and 

specific principles of best practice for the handling and management of cell and tissue 

culture systems. 

As a result of a workshop organised in 2015 (Good Cell Culture Practice for stem cells and 

stem-cell-derived models) scientists from European, Japanese and North American 

organisations identified new developments in cell and tissue cultures. The workshop report 

specifically addresses new technological developments in human pluripotent stem cell 

lines, stem-cell derived models and complex 3D cultures. Stem cells and their derivatives 

represent relevant in vitro toxicity models as they are characterised by unlimited self-
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renewal and the capacity to differentiate into several human tissue-specific somatic cells 

such as liver cells, heart and brain cells.  

5.2. Cell and tissue sourcing  

A critical issue to consider when selecting a cell or tissue based test system is the source of 

the cells or tissues, as its history/handling may influence its characteristics and, 

consequently, the results of the in vitro methods conducted with this test system (Lorge et 

al., 2016). Sourcing of cells and tissues from a certified provider, e.g., established cell 

banks with a high quality standard, commercial providers, or reputable culture collections 

(Table 1: Cell culture collections (banks) 

), who usually provide extensive documentation on the origins and characterisation of the 

test system is recommended1. If appropriate documentation is not provided, then each test 

facility will need to implement more rigorous processes for checking the identity and 

characterising the test system. Documentation of the absence of contamination by major 

classes of biological agents (e.g., mycoplasma, bacteria, fungi and viruses), genetic 

identity/consistency/traceability and stability of desired functionality should also be 

available. See Good Cell Culture Practice (GCCP), GCCP principle 32 and Table 2 for 

examples of document requirements concerning the origins of cells and tissues. 

Cell and tissue providers should be qualified by the test facility to assure appropriate 

documentation of cell and tissue origins and quality control key features (Section 2.4). An 

interesting example to mention is how the user community's joint efforts to define 

standardised cell sources in the field of genotoxicity made stocks of such mammalian cell 

lines available worldwide and issued recommendations for their handling and monitoring 

(Lorge et al., 2016). In addition, the user should check that there is solid ethical provenance 

(e.g., the human Pluripotent Stem Cell Registry hPSCreg registry3) and safety assessment 

performed for the cells. Intellectual Property Rights (IPR) should also be checked to ensure 

that they do not impact on the use of the test system and future acquired data using the test 

system. For more detailed information on these issues see (Stacey et al., 2016).  

In the case of human tissues and primary cells, there is also a requirement to assure donor 

consent and to manage sensitive personal data. A broad range of issues in securing tissues 

for testing were addressed at the 32nd Workshop of the European Centre for Validation of 

Alternative Methods (Anderson et al., 1998). Where tissues cannot be sourced via a 

qualified tissue bank, there should be an agreed testing method in place with clinical 

contacts regarding all aspects of harvesting, preparation, labelling, storage and transfer; for 

an example see (Stacey and Hartung, 2006). It is also important to assess the risks of viral 

contamination of primary cells and tissues. More details on approaches for risk assessment 

of primary cells and tissues are described in (Stacey and Hartung, 2006). Tissues should be 

obtained from tissue banks holding only materials from screened donors and this will 

significantly assist in managing viral safety issues. When working with human tissues and 

primary cells it is imperative to always follow national legislation. 

Moreover, master and working cell banks, where applicable, should be established to 

guarantee a supply of constant quality and provide traceability to the original source 

(Section 5.5.1).  

Where test systems used in in vitro studies are genetically modified, the Cartagena Protocol 

on Biosafety4 provides a legal framework for international trade in Genetically Modified 

Organism (GMOs) and provides Signatory State Parties with orientation and the framework 

for development of complementary national biosafety regulations (Bielecka and 
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Mohammadi, 2014). The Cartagena Protocol does not, however, address the risks and safe 

practices required when handling such organisms in the workplace. Therefore, specific 

measures for national implementation are necessary, e.g., Directive 2009/41/EC (EU, 

2009) in Europe. 

5.3. Cell and tissue culture transportation  

Many biological materials fall into the category of "dangerous goods" for shipping 

purposes and must comply with national regulations and/or international norms such as the 

International Air Transport Association (IATA) transport regulations5 and/or the 

Dangerous Goods Regulations6 (DGR). Diagnostic specimens of human or animal material 

including (but not limited to) blood and its components, tissue, tissue fluids or body parts 

are generally classified as Biological substance, Category B (UN33737) for transport by 

air.  

As cells and tissue in culture are often transported across the world, it is vital to keep these 

test systems as healthy as possible during the long transport times. Live cells and tissues 

may need to be shipped in a special temperature-controlled environment, such as that of a 

mini-cell culture incubator, where they are expected to reach their destination in good 

condition and are also less likely to become damaged during the transport process. Mini-

cell culture incubators have limited space (2-3 plates or flasks) and require adequate sealing 

of plates to avoid leakage and may not always be an option or available. For short trips 

(e.g., arrive within one working day) it may be possible to ship cell lines in culture medium 

filled flasks. 

Cell lines or cells are often shipped on dry ice. For shipment of some primary cells (e.g., 

primary liver cells) containers equilibrated with liquid nitrogen are used. Ideally, 

temperature should also be monitored (e.g., by using data-logger) during transportation, 

especially for long distance transport. When cells arrive at their destination, the conditions 

of the cell and tissue cultures should be examined and documented. Care should be taken 

when planning the shipment that the package does not sit over the weekend which may 

possibly compromise the test system integrity. Extra precautions must be taken for 

international shipping, as there is the possibility of samples being held up at customs. The 

fastest shipping times should be selected when long distances are involved. 

5.4. Handling and maintenance of the test system 

During routine handling and maintenance, growth and survival characteristics of the cell 

system (such as cell viability, doubling time, etc.) and subculturing details (e.g., date of 

subculture, subculture intervals, morphology, seeding density, passage number, etc.) 

should be recorded and documented, since they are required for the complete traceability 

of results. The documentation provided by the test system supplier (Table 2) should be 

taken into account together with historical data, when available, and used to establish 

acceptance criteria.  
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Figure 3: Growth curve for cells grown in culture  

 

Source: ATCC (2014). 

Figure 3 shows a typical growth curve for cells grown in culture. Whether cells grow and 

divide in a monolayer or in suspension, they usually follow the same characteristic growth 

pattern in which four different phases can be recognised: (a) a lag phase where the cells 

adapt to the new conditions; (b) a log or exponential phase of fast growth; (c) a plateau or 

stationary phase after the cells have completely covered the growing surface (are confluent) 

or saturated the suspension culture and (d) a decline phase where the cells begin to die. In 

order to ensure viability, genetic stability, and phenotypic stability, cell lines should ideally 

be maintained in the log or exponential phase, i.e. they need to be subcultured before a 

monolayer becomes 100% confluent or before a suspension reaches its maximum 

recommended cell density. The biochemistry of confluent/saturated cells may also be 

different from that of exponentially growing cells, and therefore, for most purposes cells 

are harvested or passaged before they become confluent or saturated. Some cell cultures 

can remain as confluent or saturated cultures for long periods, whereas others tend to 

deteriorate when they reach confluence. Some cell lines, particularly those derived from 

normal tissues such as human diploid fibroblasts, may be contact inhibited at confluence 

(Riss and Moravec, 2004). 

Two terms are commonly used to track the age of a cell culture: (i) passage number - 

indicates the number of times the cell line has been sub-cultured and (ii) the population 

doubling level8 (PDL) - indicates the number of times a two-fold increase (doubling) in the 

total number of cells in culture has occurred since its initiation in vitro. PDL is not 

determined for continuous cell lines as they are passaged at higher split ratios (ATCC, 

2014).  
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For diploid cultures, there is a correlation between PDL and passage number which in turn 

depends on the growth surface/volume area and the initial seeding density. Some test 

facilities prefer to use for tracking and reporting cellular age PDL and not passage number 

especially for cells where (1) growth may vary significantly between donors and between 

preparations, (2) to correlate directly PDL number with replicative senescence which can 

be linked to specific phenotypic characteristics (e.g., loss of potency in mesenchymal 

stromal cells), (3) to correlated PDL numbers directly with genomic instability and (4) to 

use PDL as a standard for the new cell preparations to compare and analyse different 

studies9.  

Passage number refers to the number of times the cell line has been re-plated (adherent 

cultures) or re-seeded (suspension cultures). For adherent or suspension cultures, each 

reseeding (dilution) of the cells increases the passage number by one. Cultures should be 

subcultured while still in the log phase, i.e. before reaching confluence/saturation.  

Each test facility should have SOPs in place, where details are provided not only about how 

to thaw, handle, count, maintain, bank and store their cell cultures, as well as for screening 

for contamination, but also to univocally assign progressive passage numbers and how to 

determine the cell stock viability. 

The frequency of passaging (transfer between flasks with or without cell dilution) depends 

on the growth rate of the cell culture (adherent or in suspension) and the seeding density at 

passage (split ratio). Many dividing primary human cell cultures have a split ratio of one in 

two (1:2), while continuous cell lines have much higher splitting rates, e.g., atypical split 

ratio is between 1:3 and 1:8. The cells can take much longer to resume exponential growth 

if they are split at higher dilution ratios. It should be remembered that passaging will 

initially result in a loss of cells. The proportion of cells lost is variable and depends on the 

type of cell culture, the expertise of the operator and the plating efficiency (the proportion 

of cells that reattach) in the case of adherent cultures. 

Some cell lines require a fixed seeding density and subculturing scheme where counting 

the number of cells is required (Wilson et al., 2015). A more specific example is 3T3-Swiss 

or NIH/3T3 cell lines which were established by the same subculturing scheme (3T3 is a 

designation that stands for passaging the cells 3 times/week at 1:3) which is important to 

maintain the cell characteristics10. To improve consistency across experiments, all routine 

cell culture should utilise a fixed and pre-determined seeding density as estimations of cell 

confluency are prone to error and contribute to variability in baseline cell physiology. Most 

commonly cell counting is performed using the Bürker Türk or Neubauer counting 

chambers. When automated cell counters are used, their correct functioning would need to 

be demonstrated (Cadena-Herrera et al., 2015; Gunetti et al., 2012; Phelan and Lawler, 

2001). Cell viability, using Trypan Blue stain or other nuclear counterstains (List of 

viability testing methods (non-inclusive) of cell cultures), is commonly performed so as to 

count only viable cells for accurate seeding density calculation. 

Different cell lines have different growth rates which may depend on several environmental 

factors. Many diverse culturing techniques have been used to fully reproduce the various 

environments test systems normally encounter during development. Most of the work to 

date has been performed on solid plastic supports including high-throughput plastic 

supports. A plastic growth support has several limitations in its representation of the in vivo 

environment. As plastic is an impermeable smooth two-dimensional surface, it forces the 

cells to exchange their gas and nutrients exclusively through the top side of the cultured 

cells while in vivo cell are exposed from several directions to factors from the blood, other 

cells, soluble factors, and liquid-air interfaces. Growth of cells in more physiological 
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conditions such as air-liquid interface set-ups (Pezzulo et al., 2011) or on microporous 

membranes (Klein et al., 2013), or by using a variety of biomaterial coated surfaces for 

specific cell attachment, propagation, differentiation, and migration requirements (Chai 

and Leong, 2007; Tallawi et al., 2015) has many advantages and may be applied when 

examining aspects such as: 

 Permeability and transport of macromolecules, ions, hormones, growth factors, and 

other biologically relevant molecules 

 Cell polarity e.g., sorting and targeting of macromolecules; and polarized 

distribution of ion channels, enzymes, transport proteins, receptors and lipids 

 Endocytosis 

 Tumour invasion and metastasis 

 Chemotaxis and other cell motility studies including angiogenesis, phagocytosis 

 Co-culture effects, including interactions of feeder layers with stem cell cultures 

and cell-to-cell/matrix interactions 

 Microbial pathogenesis e.g., test item effects on microbial receptors 

 In vitro fertilisation including small molecule transport studies  

Another  advantage of cells grown on porous membrane substrates is their ability to provide 

a surface that better mimics a three-dimensional in vivo setting important for  tissue 

remodelling (e.g., wound healing). Porous membranes allow multidirectional exposure to 

nutrients and waste products. Membrane separation of dual chambers allows for the co-

culture of cells of different origin, and is used to study how cells interact through indirect 

signalling or through providing a conditioned niche for the proper growth and 

differentiation of cell types. Permeable supports also permit culture of polarised cells 

(Sheridan et al., 2008). 

If required for the particular test system, justification of the method for differentiation 

should be described in the in vitro method, since potential of differentiation and the method 

used to induce differentiation will vary depending on the type of cells, and should include 

justification of the process in which the method was determined. 

5.4.1. Influence of the quality of the feeder layer 

The growth of stem cells in culture requires certain nutrients that support the cells in an 

undifferentiated state. In this case a feeder cell layer is often used. One consideration in 

minimising variability of in vitro testing using stem cells is to ensure standardised 

methodology in deriving, culturing, and inactivating feeder cells. There are many kinds of 

cell lines used as feeder cell layer. Fibroblasts like mouse embryonic fibroblast cells and 

mouse embryo derived thioguanine and ouabain-resistant cell lines are commonly used to 

establish and culture embryonic stem cells (ESCs). Cell lines derived from umbilical cord 

blood cells or adult bone marrow cells have been used as ESC feeder cell layers. The 

influence of the quality and type of feeder layer can affect some pluripotency marker genes 

and proteins in ESC cultures (Healy and Ruban, 2012; Park et al., 2015).  

5.5. Cryopreservation and thawing 

Cryostorage systems should ensure the long term preservation of the stored test system. For 

cryopreserved cell cultures, the viability of mammalian cells is progressively lost within 

months at -80˚C, thus, long term storage below the glass transition point of water (-136˚C) 

is recommended. While true for mammalian cells, this is not the case for bacteria or yeast. 
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Improved technologies that allow cryopreservation of in vitro cell and tissue cultures at 

different stages of differentiation and their long-term storage has introduced new or more 

standardised in vitro test systems into the pipeline of potential in vitro methods to be used 

in human safety assessment. Controlled-rate and slow freezing, also known as slow 

programmable freezing has been used all over the world for freezing down cell and tissue 

cultures. New methods are constantly being investigated due to the inherent toxicity of 

many cryoprotectants. Depending on the type of cell culture, using dimethyl sulfoxide 

(DMSO) may not always be preferable, as DMSO shows relatively strong cytotoxicity to 

some cells types and affects differentiation of iPS and ES cells (Katkov et al., 2006). 

As described in GCCP Principle 1, 'Establishment and maintenance of a sufficient 

understanding of the in vitro system and of the relevant factors which could affect it' 

(Coecke et al., 2005), it is essential to prepare preserved banks of cells intended for use, to 

assure that reliable stocks can be obtained for testing which are at a consistent passage level 

from the original ‘seed stock’. This is in order to avoid the effects of changes or cross-

contamination which may occur if cell lines are maintained indefinitely. Standard 

cryopreservation methods using DMSO (10%) and serum (20%) as cryoprotectants, 

combined with a slow cooling rate (e.g., -1oC/min) and standardised cell numbers per vial 

will usually be successful for most cells. However, it is necessary to check the viability of 

preserved stocks in case of freezing failure and also to try to assure consistency between 

individual vials in a cell bank regarding cell number, viability and desired functionality. 

Viability measurements made immediately post-thaw can give misleadingly high values as 

many cells can be lost during the 24h recovery phase post thawing.  

When stored in liquid nitrogen, storage in the vapour phase (Table 7)  is generally advised 

for all cells and necessary for potentially infectious cells and tissues. This eliminates the 

chances of transfer of pathogenic material between vials which can occur in the liquid phase 

of nitrogen (Coecke et al., 2005). It is also considered safer as liquid nitrogen can enter 

storage vials if they are stored in the liquid phase which may cause them to explode upon 

thawing. However, to accommodate storage in the vapour phase, the amount of liquid 

nitrogen needs to be reduced, which will require more frequent topping up of the liquid 

nitrogen so as to maintain the correct storage temperature. If vials need to be stored in the 

liquid phase, protection wrapping may be considered. 

Cryostorage requires temperature and/or liquid nitrogen level monitoring to ensure that the 

test system stocks are at optimal storage temperature. Cryostorage vessels can be fitted with 

alarms and data loggers and liquid nitrogen levels recorded at regular intervals (e.g., 

weekly). Appropriate safety protection (e.g., wearing of safety glasses, gloves etc.) should 

always be used when working with liquid nitrogen as contact with the skin or eyes may 

cause serious freezing (frostbite) or other injury. 
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Table 7: Comparison of ultra-low cryostorage methods for cells  

Method Advantages Disadvantages 

Electric Freezer 

(-130oC or lower) 

 

Ease of Maintenance 

Steady temperature 

Low running costs 

Requires CO2, liquid N2 or electrical backup 

Mechanically complex 

Storage temperatures high relative to liquid 
nitrogen 

Liquid Phase 
Nitrogen 

 

Steady ultra-low (-196oC) temperature 

Simplicity and mechanical reliability 

Requires regular supply of liquid nitrogen 

High running costs 

Risk of cross-contamination via the liquid 
nitrogen 

Vapour Phase 
Nitrogen 

 

No risk of cross-contamination from liquid nitrogen 

Low temperatures achieved 

Simplicity and mechanical reliability 

Requires regular supply of liquid nitrogen 

High running costs 

Temperature fluctuations between -135oC 
and -190oC 

Source: ECACC, 2010. 

Storing valuable test system stocks in more than one cryostorage location is recommended 

for security/backup purposes and off-site storage may also need to be considered in disaster 

recovery plans for the facility. 

A number of factors may affect the viability of cells on thawing, including the composition 

of the freeze medium, the growth phase of the culture, the stage of the cell in the cell cycle, 

and the number and concentration of cells within the freezing solution (ATCC, 2014). 

Another issue to take into consideration when using thawed cells is the possibility that the 

cells are stressed directly after thawing, which appears to involve apoptosis (Baust et al., 

2002). Most cells begin to recover after 24 hours and enter the log (exponential) growth 

phase soon afterwards. It is therefore necessary to remove DMSO and any dead cells as 

they might affect the seeding density calculation. It is also recommended not to use them 

straight away, but to passage them at least twice, so as to allow the cells to re-establish their 

normal cell cycle.  

Optimum conditions should be defined in the in vitro method SOP(s) during the 

development phase. When the test system is sourced from a commercial supplier (Section 

5.2) extensive documentation is usually provided including detailed information for 

handling the cells, including cryopreservation and thawing information. Batch-specific 

information such as the number of cells per vial, the recommended split or subcultivation 

ratio, and the passage number and/or population doubling level (PDL) when known are 

also provided.  

5.5.1. Cell Banking 

Maintaining a cell line in continuous or extended culture is considered bad practice as there 

may be a higher risk of microbial contamination and/or cross contamination with other cell 

lines, a loss of characteristics of interest, genetic drift particularly in cells known to have 

an unstable karyotype or loss due to exceeding finite life-span11. It is therefore important 

to avoid subjecting cell lines to variable culture and passage conditions, and to establish 

cryopreserved stocks of early passage cells (Coecke et al., 2005). 

New cell lines should be quarantined (Section 3.5) until their origin has been authenticated 

and they are shown to be free of microorganisms (Geraghty et al., 2014).  

A two-tiered cell banking system consisting of a Master Cell Bank (MCB) and a Working 

Cell Bank (WCB) is recommended. Cells from the new cell line are placed in culture and 
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harvested when they are at their maximum growth rate or almost confluent. These are then 

frozen to create a master cell bank, usually consisting of 10 to 20 vials of 1 ml, each usually 

containing 1–5 × 106 cells (Geraghty et al., 2014). The MCB is not for distribution and 

should be protected from unintended use, however new working banks may be created from 

the original master bank when required (Figure 4). From this MCB, a single vial is thawed 

and cultured until there are enough cells to produce a working cell bank. The working cell 

bank should contain sufficient ampoules to cover the proposed experimental period plus 

sufficient ampoules for contingencies and distribution (UKCCCR, 2000). 

Figure 4: Flexible two tiered approach to cell banking 

 

Quality controls procedures defined in SOPs should include checks on viability, 

mycoplasma and other microbial contaminants, cell line identity and any other relevant cell 

line characteristics (Coecke et al., 2005), and should be applied systematically to the 

working cell banks. Quality Control (QC) tests for the absence of bacteria and fungi, and 

testing for mycoplasma should only be performed following a period of antibiotic-free 

culture. For primary cells, the state of cell differentiation should also be carefully observed 

during banking. Different passage of primary cells with different differentiation status will 

greatly influence results. 

5.6. Cell line identity and genetic aberrations 

Genetic, phenotypic and immunological markers are useful in establishing the identity of 

the cell(s). Genetic stability testing (also known as cell line stability) is a key component 

in characterising cell banks and is especially critical in maintaining quality of mammalian 

cell cultures. For an engineered cell line, the inserted gene of interest should remain intact 

and at the same copy number, and be expressed. Furthermore, there should be traceability 

to the original provider of the cell culture and the related documentation. However, a 
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frequent problem in the use of cell culture is the use of cells which have become cross-

contaminated, misidentified (see International Cell Line Authentication Committee 

(ICLAC) database of cross contaminated or misidentified cell lines12), mixed-up, or present 

genomic instability (Allen et al., 2016; Frattini et al., 2015; Fusenig et al., 2017; Kleensang 

et al., 2016; Vogel, 2010). This is not always detectable by cell morphology and/or culture 

characteristics. An example of a mistake from the past in an OECD test guideline method 

(OECD, 2016a) is BG1Luc4E2 cells which have been renamed VM7Luc4E2 cells. The 

reason being recent DNA analysis revealed that the original cell line used to generate the 

BG1Luc4E2 cells were not human ovarian carcinoma (BG1) cells but a variant of human 

breast cancer (MCF7) cells13. 

There are different genomic techniques for human and non-human cell line authentication 

(Table 8). Cell line authentication is an example of the kind of data that add confidence to 

the results of a scientific study. The lack of reporting of cell line authentication data reflects 

a broader failure to appreciate the need for more complete reporting of experimental details 

that qualify data and provide confidence in the scientific results (Almeida et al., 2016; 

Marx, 2014). 

Table 8: Current status of SNP, STR, and DNA barcode technologies as standard methods 

for assessing the identity of cell lines from different species 

Species Assays Consensus 
Standard 
Method 

Commercially 
Available Kit 

Commercial 
Service 

Comparative 
Data 

Human STR ASN-0002 Yes Yes ATCC, DSMZ, 
JCRB, NCBI** 

SNP No Yes Yes (Liang-Chu et 
al., 2015), (Yu et 
al., 2015), NCBI 

Mouse STR* No No Yes Unpublished 

SNP No Yes Yes (Didion et al., 
2014) 

African 
green 
monkey 

STR* No No No None 

Chinese 
hamster 
ovary 

STR* No No No None 

Rat STR* No No No None 

Species-
level 
identification 

CO1 DNA barcode ASN-0003 Yes Yes Barcode of Life 
Data System, 

NCBI** 

Species-specific 
primers 

No No Yes None needed 

 

Note: These methods are currently the most developed for this application. There are extensive data on human 

cell lines, but while there are some kits and services for some nonhuman species, there is little available data 

for nonhuman species, except for DNA barcoding, which only distinguishes cell lines on the basis of species, 

not individuals. 

* STR markers have been identified (Almeida et al., 2014, 2011).  Markers for rat and Chinese hamster ovary 

cells are still under development by NIST. 

** These sources contain a significant amount of data from multiple sources. 

Source: Almeida et al., 2016 

Establishing an early stock (or retention of a sample of original tissue) which is DNA 

fingerprinted will provide an important reference for future cell banks and for other centres. 
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Short Tandem Repeat (STR) profiling is typically applied and has considerable background 

qualification for use in human samples (ISCBI, 2009). STR profiling has been the subject 

of a comprehensive and definitive standard, ASN-000214, and can be performed in most 

laboratories that have the capabilities to execute molecular techniques. It is an easy, low 

cost and reliable method for the authentication of human cell lines. For non-human 

samples, Single Nucleotide Polymorphism analysis (aSNP), STR profiling, and DNA 

barcode technologies are available as methods for assessing the identity of cell lines from 

different species (Ono et al., 2007). The field of genetic analysis is progressing rapidly and 

interested parties should maintain knowledge of current best scientific practice in this area 

as next generation sequencing begins to become a routine tool. Doing so problems can be 

avoided early in the process and not jeopardise the cell lines used for regulatory purposes 

as has happened for the Bhas 42 cell line in a cell transformation in vitro method (OECD, 

2016d) where issues related to misidentification arose at a late stage. 

Genetic instability is inherent in cell cultures and it is wise to minimise the number of 

passages over which cells are maintained (typically 15-20). Although passage number 

alone is not a reliable parameter to ensure good cell functioning, it is good practice to define 

a limit for the maximum number of passages, possibly in combination with defined 

performance characteristics. At that limit, new cultures should be restarted from a working 

cell bank. The use of cells at higher passage numbers must be justified and their integrity 

and functionality demonstrated. Where cells are known to be extremely unstable, some 

form of genetic testing, such as karyology or molecular analysis like aSNP or Comparative 

Genomic Hybridisation (aCGH) may need to be performed. In particular, this applies to 

recombinant cell lines including those maintained with antibiotic selection. Recombinant 

cell lines should be maintained in parallel with matched cells that were generated with the 

empty vector alone and were simultaneously subjected to antibiotic selection. Such 

matched cells will be a more suitable control than non-selected cells that do not express the 

same resistance marker as their modified counterparts. 

There are special issues for stem cells. Stem cell lines may contain a mixture of diploid and 

aneuploid cells, which may be unavoidable, but genetic testing (see above) can be used to 

screen for progressive change (e.g., between master and working cell banks) which could 

impact on the suitability of the cell culture. Human induced Pluripotent Stem Cell (hiPSC) 

lines should also be tested for absence of ectopic expression of reprogramming genes and 

where produced by non-integrating vectors, for elimination of the vector. iPS/ESCs also 

need to be evaluated by their genotypes and differentiation capability by embryoid body 

formation, direct differentiation method and teratoma formation assays.  

Acceptable intervals for periodic testing to confirm the genetic, phenotypic and 

immunological stability of the cell culture are highly case-dependent (Blázquez-Prunera et 

al., 2017; Daily et al., 2017; Meza-Zepeda et al., 2008). Therefore, this aspect should be 

included in the specific test system SOP(s). 

5.7. Contaminants screening: sterility, mycoplasma, virus 

Standard sterility tests are widely available15 16 and may be used for cell stocks and cultures; 

however, it is important to bear in mind that these tests are usually based on inoculation of 

broth cultures which may not support the growth of all contaminating microorganisms. 

Alternative molecular methods such as identification by Polymerase Chain Reaction (PCR) 

and DNA sequencing of ribosomal RNA may be used. 
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Viruses may arise as contaminants of cell cultures via the original donor used to produce 

the cell line or feeder cells and other biological reagents used in cell culture. They may 

cause cytopathic effects, in which case the culture should be discarded, or they may have 

no effect and become diluted out when fresh uncontaminated reagents are used. In certain 

cases they may establish persistent infections, although this is believed to be rare. Whatever 

the outcome, their presence and influence on cell biology may be significant as amongst 

other effects they may modify transcription factor networks and alter the cells’ biology. To 

assure laboratory worker safety, some organisations require testing of all human cell lines 

for serious human pathogens such as Human Immunodeficiency Virus (HIV) and Hepatitis 

B and C or evidence that the donors did not have these pathogens. However, such testing 

clearly does not cover more common human infections, and human pathogens may also be 

carried by cells from other species. Cell line testing may be initiated if there are special 

hazards associated with the work or with the cells. Workers should always follow local 

rules for performing cell culture work, maintain their competence in aseptic processing, as 

well as carry out regular and careful inspection of cells for any unusual effects or 

morphologies that might indicate infection. A robust testing regime for contamination 

should include procedures for managing positive results, whether to immediately discard 

or quarantine the affected cells until a means of action can be decided along with the 

detection of the root cause by supplementary testing (Stacey, 2011).   

It is crucial to routinely test cell cultures for the presence of mycoplasma. A range of test 

techniques are available and it is advised for critical tests to use methods which detect 

cultivable as well as non-cultivable mycoplasma species, e.g. PCR-based methods (Table 

9). It is important to know what aspect of contamination the test is designed to detect, how 

well the test performs, its specificity (i.e., what strains of mycoplasma its detects and any 

likely causes of false positive reactions) and for detectable contamination, what level of 

sensitivity is achievable under the prescribed sampling and test conditions. Selection of test 

methods should be based on evaluation of the potential specificity and sensitivity of 

detection and the likelihood of inhibition of a positive result.  

EMA has provided a general chapter on mycoplasma testing of cells which should be 

consulted (EMA, 2013). All aspects of the test sample which are likely to influence the 

strains which may be isolated and any conditions which may affect detection such as 

inhibitory substances, should be evaluated before selecting a particular technique. Even 

where alternative detection kits are based on the same basic methodology, their specificity 

and sensitivity may vary considerably and even the same methods used in different 

laboratories may be influenced by local differences in raw materials, test conditions and 

the way the test is performed. Accordingly, any test method used should be subjected to 

the general evaluation indicated above and performance of testing should be accompanied 

by the inclusion of appropriate controls as below:  

a) positive controls (including a reference sample close to the limit of detection),  

b) negative controls to exclude false positives from reagents and test conditions and 

c) positive controls spiked into test samples (or other approaches to control for sample 

inhibition) of positive test results. 

All such testing should be performed only by a person trained and competent in the test. 

Records of performance, including positives and negative results, control performance and 

any equivocal or anomalous results, and any trends in quantitative results for test and 

control samples (where applicable) should be kept, so as to enable ongoing evaluation.   
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Table 9: Mycoplasma detection methods, their sensitivity, and advantages and disadvantages 

Method Sensitivity Advantages Disadvantages 

Indirect DNA stain 
(e.g., Hoechst 
33258) with 
indicator cells 
(e.g., 3T3) 

High Easy to interpret because 
contamination amplified 

Indirect and thus more time-consuming 

Broth and agar 
culture 

High Sensitive Slow and may require expert interpretation 

PCR High Rapid Requires optimisation 

Nested PCR High Rapid More sensitive than direct PCR, but more likely to 
give false positives 

Enzyme-Linked 
Immunosorbent 
Assay (ELISA) 

Moderate Rapid Limited range of species detected 

Autoradiography Moderate Rapid Can be difficult to interpret if contamination is at 
low level 

Immunostaining Moderate Rapid Can be difficult to interpret if contamination is at 
low level 

Direct DNA stain 
(e.g., Hoechst 
33258) 

Low Rapid, cheap Can be difficult to interpret 

Source: Young et al. (2010) 

5.8. Biomarkers and functional tests to confirm the required cell function state 

It is important to recognise that cell quality can vary during passaging, and in particular the 

time point in the growth curve at which cells are harvested (ideally in the log or exponential 

phase) may affect performance (Section 5.4). Accordingly, each culture used to set up an 

in vitro method should be subject to a key control regime measuring or indicating 

functionality. Because the crucial function of the test system to be measured may be 

dependent on the last step in a long sequence of events (e.g., gene activation and gene-

transcript-protein-reaction) it is of importance to ensure that a selected biomarker or a test 

is directly related to the crucial function to be measured. Acceptance criteria should be 

defined for functional tests and biomarkers that indicate the correct cell state. These may 

for example include: neuronal activity, competency of biochemical transformation, 

response to reference bioactive compounds when using metabolically competent cells, 

response to reference items in the particular in vitro method the cells are to be used for etc. 

In this way, each culture can be controlled, and consistency in in vitro methods is supported. 

For example, expression of self-renewal genes (e.g., Oct4, Nanog, Sox2) in stem cell 

cultures is crucial to the functionality of the cell population (further examples for stem cells 

are laid out in (Pistollato et al., 2014; Stacey et al., 2016).  Additionally, key markers which 

are associated with poor performance may be identified for future improvement.  

As stem cell-based (both hiPSC and hESC) in vitro models have and will be employed for 

regulatory use, not only key markers for cell state but also the maturation phase requires 

characterisation. For example, human pluripotent stem cell-derived cardiomyocytes have 

been shown to display morphological and functional properties typical of human foetal 



ENV/JM/MONO(2018)19 │ 99 
 

GUIDANCE DOCUMENT ON GOOD IN VITRO METHOD PRACTICES (GIVIMP) 
Unclassified 

cardiomyocytes which may complicate their utilisation and interpretation of the obtained 

results (Robertson et al., 2013; Snir et al., 2003). Increased time in culture, electrical 

stimulation (Chan et al., 2013) and 3D culture environment (Garzoni et al., 2009; Schaaf 

et al., 2011; Soares et al., 2012; Valarmathi et al., 2010; van Spreeuwel et al., 2014) have 

been utilised in the production of more mature cardiomyocytes with adult-like properties. 

As such, the maturation phase of stem cells is deemed a critical quality parameter when the 

relevance of an in vitro test system is to be considered. 

In a co-culture system, the use of stem cells provide the test system with multipotent 

differentiation capacity and can act as helper cells for ensuring homeostasis, metabolism, 

growth and recovery. Their inclusion in co-culture systems has shown benefits creating 

complex tissues, including orthopaedic soft tissues, bone, heart, blood vessels, lungs, 

kidneys, liver and nerves (Paschos et al., 2015). In addition, it is necessary to evaluate both 

combination of biomarkers and cytometric analysis (e.g., flow cytometry or fluorescent 

microscopy) to check robustness of the stem cell culture. 

Interactions within the same cell population (homotypic) and between different cell types 

(heterotypic or co-cultures) are essential for tissue development, repair, and homeostasis. 

Some cells cannot easily be mono-cultured in vitro or at least do not exhibit desired in vivo 

physiological behaviours, but the presence of another cell population may improve the 

culturing success or cell behaviour. Cell-cell interactions in co-cultures are strongly 

influenced by the extracellular environment, which is determined by the experimental set-

up, which therefore needs to be given careful consideration (Goers et al., 2014). It is critical 

to identify biomarkers and functional tests to confirm the required co-culture system 

function state. 

5.9. Metabolic activation 

Metabolism is a bottleneck in in vitro toxicological method development since there is an 

inability of most mammalian in vitro cell and tissue cultures to predict the physiological 

effect of in vivo metabolism by the Phase I and Phase II biotransformation enzymes 

(Coecke et al., 2006). 

Currently no in vitro cell and tissue culture test system will mirror fully the complexity of 

in vivo metabolism, and the production of active metabolites may either not occur in non-

metabolic competent test systems or be over or underestimated in metabolically-competent 

test systems. However, these considerations should not prevent the use of metabolic 

activation systems to mitigate this problem, provided the limitations and drawbacks are 

clearly understood and the results take into consideration these limitations.  

The evolution of genotoxicity testing offers a good example of the use of metabolic 

activation mixtures to improve the physiological relevance of in vitro methods for 

genotoxicity testing17. In the case of the Ames test (OECD, 1997) a metabolising system in 

the form of a cofactor-supplemented S9 fraction, containing microsomal and cytosolic 

fractions prepared from rat liver (usually) pre-treated with enzyme inducing agents such as 

Arochlor 1254 or a combination of phenobarbitone and ß-naphthoflavone, to induce 

metabolising enzymes, has been built into the method. In 1997 the OECD issued a detailed 

review paper (DRP) on the use of metabolising systems for in vitro testing of endocrine 

disruptors detailing different options how to produce the relevant metabolites of the test 

item under investigation when carrying out these types of tests. It is recommended that in 

vitro method developers take this aspect into consideration when designing in vitro 

method(s) (OECD, 2008a). Furthermore, there is a need for metabolically-active test 
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systems both for toxicokinetics and toxicodynamics applications in regulatory testing 

(Coecke et al., 2013). 

Possible strategies how to employ metabolic activation when designing in vitro methods 

remain a challenge even for well-established methods (Nesslany, 2017). However, efforts 

are underway to introduce a metabolic component in OECD TG methods for the detection 

of chemicals with (anti)estrogenic potential (OECD, 2016a). 

More and more integrated ways to predict the physiological effect of metabolism are being 

proposed in response to the open challenges for regulatory toxicology (Funk and Roth, 

2017; Wang et al., 2014; Williams et al., 2013).  
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Notes

1. See: http://wiki.toxbank.net/w/images/1/18/ToxBank_D4_6_final_10_04_13.pdf 

2.  GCCP Principle 3: Documentation of the information necessary to track the materials and 

methods used, to permit the repetition of the work, and to enable the target audience to 

understand and evaluate the work 

3. See: https://hpscreg.eu/ 

4. See: http://bch.cbd.int/protocol/text/ 

5. See: http://www.iata.org/whatwedo/cargo/dgr/Documents/infectious-substance-

classification-DGR56-en.pdf 

6. See: http://www.iata.org/whatwedo/cargo/dgr/Pages/download.aspx 

7. See: http://www.un3373.com/un3373-packaging/un3373/ 

8. See: 

https://www.atcc.org/en/Global/FAQs/B/C/Passage_number_vs_population_doubling_le

vel_PDL-175.aspx 

9. See: http://stemcellassays.com/2014/05/msc-pdl/ 

10. See: 

https://www.atcc.org/Global/FAQs/8/9/ATCC%20CCL92%20vs%20ATCC%20CRL165

8-453.aspx 

11. See: http://www.sigmaaldrich.com/technical-documents/protocols/biology/good-cell-

banking.html 

12. See: http://iclac.org/databases/cross-contaminations/  

13. See: https://ntp.niehs.nih.gov/iccvam/methods/endocrine/bg1luc/bg1luc-vm7luc-

june2016-508.pdf 

14. See: http://webstore.ansi.org 

15. See: http://www.who.int/medicines/publications/pharmacopoeia/TestForSterility-

RevGenMethod_QAS11-413FINALMarch2012.pdf 
16.  See: http://medicaldesign.com/site-

files/medicaldesign.com/files/archive/medicaldesign.com/Whitepapers/SterilityTestin_00

000021071.pdf 
17.  See: 

https://www.oecd.org/chemicalsafety/testing/Genetic%20Toxicology%20Guidance%20D

ocument%20Aug%2031%202015.pdf 

 

http://wiki.toxbank.net/w/images/1/18/ToxBank_D4_6_final_10_04_13.pdf
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http://bch.cbd.int/protocol/text/
http://www.iata.org/whatwedo/cargo/dgr/Documents/infectious-substance-classification-DGR56-en.pdf
http://www.iata.org/whatwedo/cargo/dgr/Documents/infectious-substance-classification-DGR56-en.pdf
http://www.iata.org/whatwedo/cargo/dgr/Pages/download.aspx
http://www.un3373.com/un3373-packaging/un3373/
https://www.atcc.org/en/Global/FAQs/B/C/Passage_number_vs_population_doubling_level_PDL-175.aspx
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https://www.atcc.org/Global/FAQs/8/9/ATCC%20CCL92%20vs%20ATCC%20CRL1658-453.aspx
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Chapter 6.  Test and reference/control items  

Key message: The preparation and characterisation of test, reference and control items 

and their interaction with the in vitro environment should be well understood so as to 

ensure the acquisition of reliable and relevant results.  

Key content: Described are test item (characterisation, solubility and handling), test 

system and test item interaction and biokinetics during development to ensure test item 

compatibility and correct and reliable exposure. 

Guidance for improved practice: More detailed information on solubility determination 

methods; the limitations of test items for which the method is suitable will allow the reader 

to choose the most suitable approach for his/her particular needs. 

Recommendations Identify suitable reference and control items to avoid interference of 

the test, reference and/or control items with the in vitro method 
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This chapter describes the characterisation and preparation of the test item and of relevant 

reference and control items for the in vitro method. Furthermore, details will be given as to 

how test item stability must be monitored, how the in vitro method environment can affect 

the test item and how the biokinetics of the test item in the in vitro method should thus be 

assessed. These aspects are important to ensure reproducibility among laboratories and 

certainty that the outcome of the in vitro method is indeed related to the test item. 

Additionally, it is described which reference and control items, such as negative and 

positive controls, should be applied in general to verify correct function of the in vitro 

method controls (OECD, 2004a). 

A distinction is made between aspects that are important in the development phase of an in 

vitro method, and those that matter when the in vitro method is used routinely for regulatory 

purposes. During the phase of test development, chemicals or products with well-known 

characteristics should be tested to assess the relevance of the method and to obtain results 

which will be used to set the acceptance criteria (Section 6.1). In the development phase, it 

is important to determine: 

a) Which items are suitable as reference and control items? 

b) The applicability domain of the method, i.e. if the in vitro method can be used 

for liquids, solids, certain powders, mixtures (e.g. agrochemical formulations), 

multi-constituent substances, certain preparations, suspensions, nanoparticles, 

emulsions, etc. (OECD, 2002). 

c) Selection of the appropriate labelling method (if applicable) and the relative 

benefits/disadvantages (e.g., use of radioactive versus fluorescent labelling) 

and the potential of the test item to interact with the labelling method (e.g., 

phytoestrogens can interact with the luciferase and boost the signal, much 

beyond that for the endpoint in question). 

d) The process of preparation or formulation of the test item, before applied to the 

in vitro method. 

e) The concentration of solvent(s) that can be used without interfering with the in 

vitro method. 

f) Limitations and uncertainties in the method. 

1. Prior to routine use laboratory proficiency to perform the method will need to be 

shown (Section 8.4). 

6.1. Reference and control items 

The purpose of the reference item(s) is to grade the response of the test system to the test 

item, while the purpose of the control item(s) is to control the proper performance of the 

test system (OECD, 2004a). Since the purpose of control items may be considered as 

analogous to the purpose of a reference item, the definition of reference item may be 

regarded as covering the terms ‘positive, negative, and/or vehicle control items’. In this 

way it has been made clear that the definition of the reference item does not only include 

the use of an item used for the "absolute grading" of the response, but also for its use in 

"relative grading", i.e., the responsiveness of the test system (Seiler, 2005).  

Reference item(s) can be one or more item(s) where a specific readout and well-known 

response is expected (OECD, 2004a). The reference item(s) is used to provide a basis for 

comparison with the test item or to validate the response of the test system to the test item 

i.e., provide a known measurable or observable response. Reference item(s) should be 

relevant to the endpoint being measured, have a well-defined chemical structure and purity 
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(applicable only to chemical based reference items), should be non-hazardous (where 

possible) and should be available from commercial sources without prohibitive costs. 

Justification for the selection of the reference item(s) should be documented, preferably in 

the in vitro method SOP(s).  

Reference item(s) should be tested for batch-to-batch variability and be appropriately 

characterised (e.g., purity, stability) and identified (e.g., Chemical Abstracts Service (CAS) 

number) (OECD, 1998a). Records of identity (CAS number, batch number, purity, 

chemical structure, molecular weight, etc.), receipt, storage, preparation and use should be 

available to allow for a full reconstruction of the history and use of all reference and control 

items.  

Solubility, stability, and purity need to be established for each reference item used, and 

acceptance criteria based on historical data need to be developed. The continuous 

monitoring of the reference item(s), e.g., in the format of a control chart (Section 2.3), is 

important to prove that the in vitro method continues to perform within the set limits, and 

is consistent over time. It is recommended to use authentic standards or control the 

concentration of the reference item stock solution (preferably by a certified laboratory).  

Control items are used to control the proper performance of the test system (OECD, 2004a) 

and therefore the validity of the executed experiments. The extent to which control items 

may need to be analytically characterised may differ from the requirements of reference 

items used for absolute grading (OECD, 2004a).  

A negative control is an item is an item for which the test system should not give a response, 

while a vehicle (or solvent) control assures a response does not originate from the applied 

solvent. A positive control may also be used as a reference item for absolute grading of the 

response of the test item. 

Selection of the positive control should begin as early in the in vitro method development 

process as is practical (Hartung et al., 2004) as it can help identify dependent variables that 

impact the method consistency. Therefore, it is important that the positive control is run 

concurrently with the test item(s) each time the in vitro method is performed (Ulrey et al., 

2005).  The ideal positive control item is one that has a consistent and predictive effect on 

the in vitro test system. As such, it needs to induce a known change in the endpoint 

measured and fall within the dynamic (quantifiable) range of the test, so that increased and 

decreased magnitudes of response can be measured. 

Monitoring and recording performance against negative and positive control items may 

constitute sufficient proof for the responsiveness of a given test system (OECD, 2004a). 

Non-response of the test system to the negative control and positive response to the positive 

control, within the acceptance criteria, show that the test system is "reactive" and behaves 

as expected. Responses outside of the expected range can be indicative of non-normal 

behaviour of the test system, e.g. due to a change in components of the test system, and 

could be a reason for a more thorough investigation of the test system responses. These 

acceptance criteria are usually based on the historical control values recorded in the test 

facility, which should furthermore be comparable to published reference values when 

available. Guidance on how to compile and use historical data can be found in literature, 

e.g., Hayashi (Hayashi et al., 2011) describes the compilation and use of historical data 

specifically for genotoxicity data, but this approach can also be applied in a broader context. 

A more general approach is described by Yoshimura (Yoshimura and Matsumoto, 1994). 

Sometimes it may be possible to select a single positive control to address all endpoints or 

exposure conditions. In genetic toxicity in vitro methods, such as the bacterial reverse 
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mutation (Ames) assay (OECD, 1997), two positive controls are used for each bacterial 

strain to address direct mutagenic activity and metabolic activation of a promutagen with 

rat liver S9 (Zeiger et al., 1988). In the Bovine Cornea Opacity Permeability Test (BCOP), 

one positive control is used for the liquids exposure testing method and another for the 

solids exposure testing method (OECD, 2009). 

Three historical examples are given below to exemplify the importance of including and 

monitoring a positive control concurrent with the in vitro method. The first example (Figure 

5) is for the BCOP. It shows a quality control chart (Section 2.3) for the BCOP using 

ethanol as a positive control for each test performed over a period of two and a half years. 

The acceptable upper limit is between 60 and 70. As can be seen from the graph, there is a 

cluster of failed runs with values that are higher than expected, i.e. above the upper limit 

(in mid-2002). The basis of the failures was not immediately clear since the bovine eyes 

looked quite normal upon arrival in the laboratory. However, the pattern was persistent and 

the cause was eventually traced to improper handling of the eyes in the abattoir. Without 

the concurrent positive control data, it would not have been possible to identify the problem 

and prevent inappropriate data from being reported. Isolated tissues or tissue constructs as 

test systems can be difficult to properly evaluate visually and so the functional test provided 

by the concurrent controls is often the only way to measure their integrity.  

Figure 5: BCOP ethanol positive control QC chart March 2002 to November 2005  

 

Source: courtesy of the Institute for In Vitro Sciences (IIVS), Maryland, USA. 

The second example (Figure 6) shows the consequences of not including positive controls 

in each run as there was no means to compare intra- or inter-laboratory data. The data is 

obtained from a Draize eye irritation study, as published in "Study of intra- and inter-

laboratory variability in the results of rabbit eye and skin irritation tests" (Weil and Scala, 

1971). It shows the 24-hour Draize Maximum Average Scores (MAS) scoring system for 
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grading of ocular responses based on the rabbit eye model developed by Draize, which was 

the primary quantitative measurement of eye irritation potential in rabbits. Data is shown 

for 46% aqueous triethanolamine lauryl sulphate and 95% ethanol. The data are arrayed in 

order of increasing MAS values for 46% aqueous triethanolamine lauryl sulphate. The 

corresponding MAS for 95% ethanol is paired with the MAS for 46% aqueous 

triethanolamine lauryl sulphate from that laboratory, however no positive controls were 

used at that time. 

Figure 6: Historical data from the Draize Eye Irritation test on two chemicals at 24 hours 

after instillation where no positive control was included 

 

Notes: 

The data are arrayed in order of increasing Maximum Average Score (MAS) for compound F.  

The corresponding MAS for compound A is paired with the MAS for compound F from that laboratory. 

The third example of the relevance of a positive control is given in Figure 7. It shows three 

concentration response curves from a keratinocyte-based cytotoxicity assay (neutral red 

uptake endpoint) treated with sodium lauryl sulphate as a positive control. From the graphs 

it can be seen how in vitro method performance can be affected by a number of factors, 

e.g., due to errors in pipetting, which is apparent by looking at the (well characterised) 

dose-response curves of the positive control.  
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Figure 7: Neutral red uptake cytotoxicity assay using human keratinocytes 

 

6.2. Applicability and limitations of the method  

It is important to clearly describe the applicability domain of the in vitro method, as well 

as any limitations or exceptions. OECD Guidance Document 34 defines the applicability 

domain as a description of the physicochemical or other properties of the substances for 

which a test method is applicable for use. The applicability domain may also specify known 

limitations of the in vitro method such as restrictions on the classes of substances that can 

be accurately identified or measured by the in vitro method. In practice it is often easier to 

define the limitations of an in vitro method than to define the applicability domain based 

on a limited number of test items used during validation due to practical and economic 

reasons, i.e. only a limited number of test items can be assessed. 

The applicability and limitations of the method need to be discerned in the development 

phase of the in vitro method. The in vitro method should include physical-chemical and 

other limitations using some or all of the properties listed below. The list is not exhaustive 

and may need to be further extended depending on the nature of the test item. 

a) State: solid, liquid, gas, type of radiation and all in between-states such as aerosol, 

dust, or viscous liquid (OECD, 2007a). Depending on its state, the test item may 

require specific preparation steps before the test (Section 6.3) or a specific 

administration mode in the method, such as dry dispersion with pressurised air, 

nebulisation of a liquid formulation, or spark generation.  
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b) Appearance: nominal size, morphology, size distribution, aggregation and 

agglomeration phenomena and surface characteristics (surface area, surface charge, 

surface chemistry) are essential characteristics to know the nature of a certain 

nanomaterial (OECD, 2012). 

c) Colour: some test items may interfere with the endpoint detection method if 

coloured test items are tested or coloured metabolites are generated. 

d) Physicochemical characteristics (if available; some physicochemical property 

values may be experimental or predicted) 

‒ pH for test item in solution (OECD, 2013) and the acid dissociation constant at 

logarithmic scale pKa (pKa indicates to what extent the test item may become ionised 

at the pH of the test system). Changes of pH can also affect the test item in other ways 

than its ionisation (OECD, 2004c). 

‒ Osmolality 

‒ Volatility 

‒ Solubility (Section 6.5) 

‒ Dissociation constants in water (OECD, 1981a): dissociation is the reversible splitting 

into two or more species which may be ionic. The dissociation governs the form of 

the test item in the test system, which in turn determines its behaviour and transport 

which may affect the adsorption of the substance to culture dishes or the penetration 

into cells or adsorption onto proteins in solution or resulting in aspecific aggregation 

behaviour. 

‒ Lipophilicity: determination of the partition coefficient i.e. Kow (OECD, 2006a, 

1995a). Highly lipophilic substances tend to get "lost" in an in vitro system by 

adsorbing to the plasticware. 

‒ Homogeneity and conditions of stable homogeneity  

‒ Fluorescence properties: interference due to autofluorescence or quenching. 

‒ Sensitivity to photolysis (OECD, 2008b). 

‒ Photoreactive potential (International Council on Harmonisation (ICH) S10 

guidelines explains photoreactive potential of chemicals in relation to absorption of 

light with wave length of certain range.) 

e) Composition and purity (if available): chemical purity/contaminants, 

microbiological contaminants (including e.g., cell walls of decomposed 

microorganisms), biological purity (e.g., of cells lines or test microorganisms, or 

complex protein mixtures (vaccines)), composition of complexes (vegetal extracts, 

products of fermentation, etc.). In case of a mixed solution, the list of ingredients 

with percentages of each component can be relevant to describe the composition. 

For each component, information like molecular weight, chemical formula, CAS 

registration number, etc. is useful. Complex test items may require other 

information, e.g., Unknown or Variable composition, Complex reaction products 

or Biological materials (UVCBs) cannot be sufficiently identified by their chemical 

composition, because the number of constituents is relatively large and/or the 

composition is, to a significant part, unknown and/or the variability of composition 

is relatively large or poorly predictable. The composition could then be defined by 

the manufacturing process description1. 

f) Conditions of stability (if available): the limits of temperature, pressure, and 

humidity to maintain stability of the test item (to be compared with the in vitro 

method conditions). 
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g) Microbiological status: aseptic conditions are always recommended to prevent 

unexpected effects by biological contaminants. 

h) Sterility and expiry date: relevant for medical devices. 

If the in vitro method is known to be amenable/not amenable to a variety of chemicals such 

as mixtures, UVCBs, multi-constituent substances, organometalics, inorganic substances, 

discrete organic substances and various chemical classes or organic substances (OECD, 

2014), these should also be described in the method. It is important to note that solubility 

is a highly important yet often neglected characteristic and is therefore described in more 

detail separately (Section 6.5).  

6.3. Test item preparation 

Test items may have to go through various steps of preparation, such as sterilisation, 

dissolution, dilution, extraction by wetting or centrifugation before being suitable for use 

in the in vitro method. The purpose of each step of the preparation has to be explained, and 

the critical limits of the step/procedure should be determined. The impact on the test item 

stability, homogeneity and integrity should be assessed, e.g. proper photo protection 

measures should be taken if it is relevant to the properties of the test item. 

For more complex test items there are existing guidelines to aid this process: e.g., 

ISO 10993-12 gives extraction conditions needed to obtain a representative extract of 

medical devices depending on their composition, and the OECD series on the Safety of 

Manufactured Nanomaterials, n°36 (OECD, 2012), gives advice on how to prepare and 

characterise a nanomaterial dispersion, while ISO/TS 19337:2016 describes characteristics 

of working suspensions of nano-objects for in vitro methods used to evaluate inherent nano-

object toxicity. 

The highest concentration of test item that should be tested may differ per in vitro method 

and needs to be defined in the study protocol/plan. Factors to be taken into consideration 

when deciding the highest concentration include the solubility and stability of the test item, 

its cytotoxicity, changes to the culture environment due to an increase or decrease in pH 

due to the test item, but may also be more specific, relating to the endpoint readout. The 

highest concentration may also be based on in vivo data if they exist (e.g., lowest dose at 

maximum effect in vivo). The lowest concentration to be tested quite often will depend on 

the limits of quantification (LOQ) of the associated measuring instrumentation (Section 

8.3.1), however this will ultimately depend on the concentration range of the test item to 

be tested. 

6.4. Concentration range 

In many OECD TGs a preliminary test is carried out to determine the appropriate 

concentration (dose finding) range of the test item to be tested, and to ascertain whether the 

test item may have any solubility and cytotoxicity issues (e.g., TG 455, TG 442E). The first 

run often tests the test item using log-serial dilutions starting at the maximum acceptable 

concentration (e.g., 1 mM, 100 μM, 10 μM, maximum solubility, etc.) to find a 

concentration-response curve. Further runs, using smaller serial dilutions (e.g., 1:2, 1:3) are 

used to focus in on the concentration-response curve, usually using six to eight 

concentrations (e.g., TG 442E). When a solvent is used, the maximum concentration which 

does not influence the test should be confirmed experimentally (e.g., DMSO 0.1% [v/v] for 

TG 455; organic solvents 1% [v/v] for TG 490). 
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To prepare a stock solution and the subsequent working solutions, serial or direct dilution 

methods can be used (Comley, 2007). The serial dilution process increases the error in 

precision at each successive step; however direct dilution methods, which normally involve 

only one step, require specialised equipment.  

An indicative procedure on how to prepare a series of working solutions from a stock 

solution of 200 mM is illustrated in Figure 8. It is recommended to use new tips for each 

step so as to eliminate any chance of carryover, specifically when pipetting from highest to 

lowest concentrations. However, multiple contacts also open the technique to problems 

caused by leachates2. After a series of diluted samples are generated (working solutions), a 

small, pre-determined volume is transferred to the in vitro method plate, increasing the 

potential for carryover. In this example, the final DMSO concentration in the in vitro 

method is 1.0 %. Note that 10 µL of sample is used to generate the concentration gradient. 

Figure 8: Serial dilutions scheme for KeratinoSens™ test method  

 

Source: OECD (2018). 

Direct dilution follows a simpler process, where controlled volumes of the same 

concentrated stock solution are transferred directly to individual wells to achieve the 

desired end concentration. Essential to direct dilution is the ability to accurately transfer 

extremely small volumes of stock solution, which is generally not possible with pipets. For 

this purpose, acoustic liquid handlers are frequently used in industry to generate 

concentration ranges via direct dilution. Because the amount of stock solution is so small, 

the sample can be maintained in pure DMSO to reduce the chance of sample precipitation 

during dilution. Compounding error is eliminated since samples are not serially diluted. In 

general, significantly less quantity is used to generate the final concentration ranges. Direct 

dilution also generates less liquid and solid waste, reducing expenses. 
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6.5. Solubility 

Solubility defines how much of a substance (e.g., test, reference and/or control items), 

which for pure substances refers to its molecular and ionised forms, can be maximally 

dissolved in the solvent to be used for the in vitro method, while the rate of dissolving is 

called dissolution. Hence, the solubility value is a thermodynamic property while the 

dissolution rate is a kinetic one. In other words, time has no effect on the solubility value, 

but it is important in dissolution related items (Jouyban and Fakhree, 2012).  

Solubility is relevant because any precipitation would effectively lower the true 

concentration by an unknown amount to less than the nominal concentration prepared, and 

so influencing the significance and reproducibility of results. Precipitates may also affect 

read-outs of the in vitro method, e.g., increasing the optical density in absorbance 

measurements. For the majority of in vitro methods it is important to ensure that reference, 

control (where applicable) and test items are completely dissolved, however, there are some 

exceptions which do not require full solubility e.g., OECD TG 442D (OECD, 2018), TG 

442E (OECD, 2016e) and TG 487 (OECD, 2016e). In these cases, assuming other factors 

such as cytotoxicity, pH, osmolality, homogeneity, etc., are not predominant, test 

concentrations above the solubility limit may be applicable, with turbidity or slight 

precipitation present. 

Solubility depends on the physical-chemical properties of the substance and on the type of 

solvent to be used. Furthermore, solubility is also affected by the composition of the 

substance (e.g., presence of impurities) and by the experimental conditions (temperature, 

incubation time, possible adsorption to the test vessel or to medium constituents such as 

plasma protein or albumin). Some general factors that may affect solubility are described 

in Table 10. 

Table 10: Common factors affecting solubility 

Factor Affect 

Temperature In most cases solubility increases with temperature, with the exception of gases. 

Polarity In most cases, similar polarities of the solute and solvent increases solubility, e.g., polar solutes do not 
dissolve in non-polar solvents 

Molecular size As a general rule, excluding other factors, larger particles are generally less soluble 

Agitation Increases the speed of dissolving, i.e. dissolution 

Ultrasonification Increases the speed of dissolving, i.e. dissolution 

pH  May affect the solubility of the solute 

Pressure Only affects the solubility of gases 

Chemical test, reference and control items are generally dissolved in a solvent (e.g., DMSO, 

ethanol, purified water) to create a stock solution at a predetermined target concentration 

(e.g., stock concentration of 50mg/mL or 100mM). When selecting the reference and 

control items, in the method development phase, their solubility and stability should be 

assured. Once the method is in use, test items that are not soluble in the desired solvent 

and/or concentration range should be considered incompatible with the in vitro method. 

The tolerable solvent concentrations will depend on the solvent and the test system used. 

As a general rule, the final solvent concentrations should be as low as possible to avoid any 

potential interference with the in vitro method, and may be as low as 0.1%. The final solvent 

concentration should be the same both for test item(s) and for the reference and control 

(where applicable) item(s) preparations.  
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In vivo methods are also frequently conducted by suspending insoluble test items in 

solvents, particularly for oral exposures. Experience has shown that insoluble particles 

dissolve over the course of time and digestion, and the same principle may also apply to in 

vitro exposure. Furthermore, for many in vitro methods, the measured response continues 

to increase with increasing test item concentration, also into the range at which precipitation 

occurs. This is particularly true of "well behaved suspensions" i.e., very fine particles which 

remain suspended rather than settling on to the cells and/or interfere with the in vitro 

method. Where applicable, an evaluation of this phenomenon should also be taken into 

consideration when assessing solubility. Possible interference of media components (e.g., 

serum, proteins, plastic, etc.) with the test item should also be considered as solubility of 

the test item may also be affected (Section 6.10).  

Regarding nanomaterials, special issues on measuring solubility and dispersion 

characteristics may arise. Nanomaterials have special physicochemical and biological 

properties and they may agglomerate to form larger "particles" with properties different 

from the single nanoparticle. For these materials, the specific guidance documents3 are best 

followed, which are continuously being developed (Scenhir, 2015). Any toxicity testing 

using in vitro methods should pay special attention to the agglomeration/aggregation 

behaviour, and the insoluble/partially-soluble nature of nanomaterials (Scenhir, 2015). 

Possibilities for dis-agglomeration and re-aggregation of nanomaterials should also be 

considered as some properties of nanomaterials may change due to interaction with the 

surrounding media.  

6.5.1. Solubility determination 

While computational methods provide solubility predictions for various solvent or matrices 

(Bergström et al., 2002; Persson et al., 2013), they are not generally available for conditions 

specific to individual in vitro methods.  

Visual inspection remains a simple and common approach to solubility determination, with 

HPLC/UV spectrophotometry and nephelometry generally applicable as instrumental 

analytical methods (Pan et al., 2001; Bevan & Lloyd, 2000; Hoelke et al., 2009) (Table 11). 

Although subject to operator judgement, visual inspection can also be perceptive in 

assessment of solubility, enhanced by use of microscopy to detect particulate solid or 

immiscible liquid phase in suspension. Reliability can also be improved by centrifugation 

especially to determine precipitation in medium dilutions, where foaming may obscure 

visual observation.  

OECD TG 105 (OECD, 1995b) can be used for the determination of aqueous solubility of 

pure substances which are stable in water and are not volatile, while OECD TG 116 

(OECD, 1981b) can be used for fat solubility determination (fat solubility is the mass 

fraction of substance which forms a homogeneous phase with a liquid fat (oil) without 

giving rise to chemical reactions).  

 Nephelometry facilitates solubility determination, particularly suited to serial 

measurement (e.g., ranges of chemicals and/or concentrations) allowing systematic 

and precise evaluation of turbidity due to dispersed precipitation, independent of 

matrix composition. Furthermore, nephelometry can be used for preparations in 

biological media. However, the measurement is relative, requiring a definition of 

threshold turbidity for insolubility based on expedient practice with the detection 

limit dependent on instrument sensitivity. Moreover, nephelometry may not detect 
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chemicals such as transparent immiscible liquids for which visual inspection, 

enhanced by experienced microscope observation, remains a reliable approach.  

 UV spectrophotometry, LC/HPLC coupled with UV or MS methods provide a 

quantitative determination of the concentration with the use of standard curves. 

While these methods are valid for solutions prepared in solvent, they may not be 

valid for preparations in biological media, which contain many components that 

often interfere with analytical methods. Cell culture media cannot be injected into 

LC/HPLC columns and their multiple components will likely obscure the 

compound of interest through their inherent UV absorbance. This necessitates pre-

purification and extraction steps to remove these components prior to the LC/HPLC 

step.  

Table 11: Comparison between solubility determination methods  

Method Limitations Specificity Cut off Rapidity 

Nephelometry 

(Light scatter) 

Sticky precipitates 

Impurities 

Low No High 

UV/VIS 1 

(Absorbance) 

Compound must have chromophore 

Sticky precipitates 

Impurities 

Low <500 nm High 

UV/VIS 1* 

(Filtration  + Absorbance) 

Compound must have chromophore 

Sticky precipitates 

Impurities 

Loss due to filter absorption 

Medium <250 nm Medium 

HPLC-UV*^ Sticky precipitates High No Low 

LC-MS*^ Sticky precipitates High No Low 

* Requires Calibration ̂  High Cost 

Solubility in both stock and working solutions (Section 6.7) should be determined. 

Regarding the sample preparation procedure, the following issues are key to producing 

reproducible results:  

 Optimal time for dissolution in solvent: Does the test item dissolve immediately in 

the solvent or does it require additional treatment such as longer time frame, 

vortexing, sonication and/or heating.  

 Solubility in media (Section 6.7): As the final dilution step usually involves transfer 

into the medium containing the test system, solubility should also be controlled 

upon transfer and include the incubation step, so as to mimic the in vitro method 

conditions, e.g., at the desired temperature and CO2 levels and over the time period 

as described in the in vitro method. 

 Visual inspection sample volume: Solutions for visual inspection should be 

prepared in a clear vial (e.g., glass) with a minimum volume of 0.5 ml, as smaller 

volumes are more difficult to assess with the naked eye. 

In vitro method media typically have a rather high ionic strength and an inherently complex 

composition, which makes it difficult to predict the test item solubility upon dilution in the 

medium. It is therefore necessary to determine the solubility of the final concentration of 

the test item in the in vitro method medium under in vitro method conditions. In the case 

of inorganic substances, the anion and cation part of the test item may precipitate with other 

cations and anions present in the culture medium if the solubility limit of these newly 

combined salts is exceeded. It is therefore recommended to visually monitor the test item 

for precipitation as anions and cations present in the medium can form low-solubility salts 

with the test item.  
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6.6. Stability 

The stability of test items under storage and in test conditions should be verified and expiry 

dates allocated as appropriate (OECD, 1998a). If a test item is administered in a solvent 

other than the standard buffer or cell culture medium, ideally, the homogeneity, 

concentration and stability of the test item in that solvent should be determined (OECD, 

1998a). However, most in vitro methods procedures call for multiple runs and hence 

provide some measure for reproducibility of the results related to homogeneity and test 

item concentration. 

The stability of the test item should be monitored throughout the exposure period as the 

concentration of the test item to which the test system is being exposed may vary with time. 

There are examples in literature available that describe compounds which have been 

hydrolysed in aqueous solutions (Crean et al., 2015; Pomponio et al., 2015). 

6.7. Solvents 

The compatibility of the solvent with the test system must be assessed, so as to select the 

appropriate solvent at an acceptable final concentration in the in vitro method medium. 

Strong toxic solvents with properties in terms of corrosivity, mutagenicity, carcinogenicity, 

genotoxicity or teratogenicity, which have the potential risk to induce adverse effects, 

should be avoided and only a compatible scale of solvents for stock solutions preparation 

should be considered. Another consideration to take into account is the possible masking 

of the in vitro response due to interference of the solvent with the test system (Coecke et 

al., 2016). 

The solubility limit of a test item will depend on the solvent of choice (among other things). 

DMSO is a commonly used solvent as it dissolves both polar and non-polar compounds 

and is miscible with a wide range of organic solvents and water. However, DMSO is highly 

hygroscopic and rapidly absorbs water in air which may result in a change of test item 

concentration. 

As a common practice, organic solvents are generally used to prepare the stock 

concentration even if the test item can also be dissolved in purified water. One of the 

reasons is that organic solvents prevent or minimise the growth of microorganisms which 

can then impact the test item stability over time. OECD TG 455 recommends that the test 

item(s) should be dissolved in a solvent that solubilises that test item and is miscible with 

the cell medium, e.g., water, ethanol (95% to 100% purity) and DMSO. Other solvents and 

concentrations may be used for specific methods as directed by test guidelines and/or study 

documents (e.g., Study Plan or SOP(s)). In most cases the test item should have a relatively 

high solubility in the solvent of choice, at a minimum producing a workable suspension, 

and the solvent should not interfere with the test item (e.g., inactivate the compound) or 

test system. For example, DMSO can reduce the effects of platinum complexes (Hall et al., 

2014). In addition, the solvent should not affect cell health or the phenotype of the cells 

used in the in vitro method when diluted in media and its concentration should be kept as 

low as possible. Common solvent concentrations for DMSO and ethanol are ≤1% (defined 

in individual methods or TGs), though 100% acetone is used for skin genotoxicity in vitro 

methods (Meza-Zepeda et al., 2008). Toxicity of the solvent to the test system should be 

assessed by comparing the untreated control response with the solvent control response.  
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Insoluble test items may require more specific solvents, e.g., in OECD TG 442E (IL-8 Luc 

in vitro method) a serum-free medium is proposed as a solvent while mineral oil is 

recommended in OECD TG 491. 

6.8. Air-liquid-interface exposure 

For certain types of organs, such as skin, eyes and lungs, the use of cultures at the air-liquid 

interface reflects human conditions more closely (Ahmad et al., 2014; Jean et al., 2010; Li 

et al., 2016). Some test systems, using non-transformed human keratinocytes to reconstruct 

the skin epithelium based on the air-liquid interface cell culture technique, are used for in 

vitro skin irritation testing. With this technique multiple layers of viable epithelial cells 

(basal layer, stratum spinosum, stratum granulosum) are recreated under a functional 

stratum corneum (OECD, 2015b). In vitro exposure methods for addressing inhalation 

toxicity on cultured human lung cells conventionally rely on prior suspension of particles 

in a liquid medium. Such exposure systems have limitations and may modify the particle 

composition. Other techniques such as electrostatic precipitation can be used (de Bruijne 

et al., 2009). It is important when using air-liquid culture systems for inhalation toxicity 

applications that standards/criteria used for the generation of aerosols of the test item(s) 

should be included and must be appropriate for the specific cell culture conditions (Lenz et 

al., 2014). 

6.9. Biokinetics/dose extrapolation/interference with media components 

Just like the biokinetics in vivo are about what the body of the organism does to the test 

item, the biokinetics in vitro concerns what the in vitro test environment does to the test 

item. A central issue in biokinetics is that generally only the freely dissolved molecules of 

a chemical can pass the membrane barriers and reach a target inside a cell. Thus, in an in 

vitro system, the freely dissolved concentration of the test item in the medium or in the cell 

(being as close to the target as possible) is the central parameter. Some processes (Groothuis 

et al., 2015; Heringa et al., 2006) depicted schematically in Figure 9, result in a freely 

dissolved concentration that is not the same as the nominal concentration (i.e., the added 

concentration). 

A description of processes which affect xenobiotic in vitro bioavailability, change the 

identity of the test item and affect test item stability are described in Annex G: Biokinetics 

and xenobiotic bioavailability. In short, the free concentration can be decreased by 

evaporation of the test item, by adsorption of the test item to the plastic well of the culture 

plate, by binding to serum proteins in the culture medium, by absorption in the lipid-rich 

cell membrane, by hydrolysis, by photolysis and by enzymatic metabolism in the cells. 

Regarding the binding of serum proteins including specific biological factors the following 

points should be taken into consideration when using serum:  

1) if the test item is known to bind to protein, its effect might not be seen unless a very 

high concentration of test item is used (Section 6.9 on biokinetic parameters);  

2) if the test item antagonises an endogenous circulating hormone or factor, the serum 

might contain such hormone or factor and may thus affect the in vitro method 

results. 
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Figure 9: Schematic representation of some processes that can cause the final target 

concentration to be different than the nominal concentration in an in vitro test 

 

Source: Kramer et al. (2012). 

Considerable variation between test facilities may be obtained where results (e.g., EC50 

values) are based on the added, or nominal, concentrations, and as such may be unfit for 

extrapolation to in vivo (Kramer et al., 2015), e.g., if there is considerable evaporation, the 

EC50 in vitro will appear to be much higher than it will be in the same tissue in vivo. Thus, 

in order to obtain pure EC50 values, that relate target concentrations to responses, these 

target concentrations should be measured. An EC50 value (based on a nominal 

concentration applied) determined for a specific test system may be used for ranking of test 

items on a specific effect. Due to low complexity of in vitro systems compared to in vivo a 

direct extrapolation of in vitro measurements to in vivo is often not feasible. For 

extrapolation of data also reliable in vivo data on target organ concentrations are needed 

for validation. Thus, determination of free concentrations in the cell or in the culture 

medium may be helpful but they are not mandatory for all test systems. Annex G: 

Biokinetics and xenobiotic bioavailability describes when and how such measurements can 

be performed and how in vitro results can subsequently be extrapolated to the in vivo 

situation. 

6.10. Interference with the test system 

A two-way interaction has to be assumed between the test item and the test system. In one 

respect, the test system can affect the test item (in analogy to biokinetics in in vivo models; 

detailed in Section 6.9). In another respect, the test item can affect the test system in specific 

ways (alteration of a readout) in accordance with the design and intended application of the 

test system (Chapter 5 and Chapter 8) or in unintended ways, by interfering with the overall 

performance of the biological model on which the test system is based, or by disturbing the 

readout of the in vitro method endpoint. There are endless possibilities for artefacts to be 

created in this way. As not all of these can be controlled for, experienced operators and 
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personnel interpreting the in vitro method data are required to detect potential problems. 

Problem detection is also facilitated by regular inclusion of consistency controls and 

plausibility considerations (e.g., do compounds with similar structure or similar mode of 

action behave similarly? Can effects be reversed? Does another test system for the same 

biological process give similar results? Are findings consistent with biological expectations 

concerning concentration and timing of effect?).  

Test items can disturb the test system, especially if it is based on living cells, as they are 

highly responsive to changes in their environment. The most frequent and serious 

disturbance is general cytotoxicity often leading to cell death. 

6.10.1. Cytotoxicity 

While the strict definition of cytotoxicity refers to cell death, a wider interpretation also 

includes adverse effects on cells that alter their functionality but do not lead to cell death 

(within the observation period). For instance, protein synthesis may be impaired, or 

mitochondrial function altered. Cytostasis, where dividing cells do not die but cease 

dividing, is another example of delayed cell death which can impact the endpoint measures. 

This can affect the specific endpoint of a test system (e.g., expression of reporter enzyme 

or speed of proliferation), without being relevant for the intended in vitro method objective.  

Cytotoxicity is a useful and widely used marker for setting concentration levels for the test 

item, as well as providing some information of interaction between the cells in culture and 

the test item. However, if the in vitro method endpoint is not cytotoxicity, then cytotoxicity 

triggered by a test item is a serious confounder and needs to be controlled for. Indeed, 

changing cell numbers in vitro is known to affect observed effect concentrations (Gülden 

et al., 2015, 2001) and this is particularly critical in repeated treatments (Kramer et al., 

2015). Therefore, it is important to understand the kinetics and the mechanisms of 

cytotoxicity as a simple type of calibrator to investigate the effects of incubation time, dose 

of test item, and plating density in cell-based cytotoxicity assays (Riss and Moravec, 2004). 

Measurement of cytotoxicity should be done using the same conditions as used for the 

specific in vitro method endpoint (i.e., in identical samples, ideally during the same run, or 

even better on the same plate), so as to obtain reliable and relevant cytotoxicity data. 

Alternative approaches use measurements in parallel cultures. Viability controls in related, 

but not identical, culture conditions (different plate format, different cell preparation, etc.) 

should be avoided. The choice of method used for cytotoxicity determination (List of 

viability testing methods (non-inclusive) of cell cultures), but also the interpretation and 

reporting of the results needs careful consideration. It is important that the type of 

cytotoxicity method chosen is appropriate for use with the in vitro method, specifically 

with regards to the timing of the in vitro method endpoint (e.g., if the in vitro method 

endpoint is performed after 4 hours, the cytotoxicity method should also be relevant at the 

4 hours' time-point). Where the timing of the cytotoxicity method endpoint measurement 

does not coincide with the time of the in vitro method endpoint determination, the 

cytotoxicity measurement may be modified to coincide with the method endpoint. In this 

case it is important to verify that the cytotoxicity method performs as expected with the 

inclusion of positive and negative controls. There are no established rules on how to deal 

with this (relatively frequent) situation. One solution is to follow up on results from 

alternative methods for the same endpoint, or by using the same method with a changed 

incubation scheme (e.g., prolonged incubation). This is particularly important if data are 

used for risk assessment and far-reaching regulatory decisions. 
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A single endpoint is usually not sufficient to be fully conclusive. A combination of cell 

counting and a population measurement (e.g., resazurin reduction), or a combination of a 

viability measurement (e.g., calcein staining, dye exclusion, neutral red uptake) and a cell 

death measurement (e.g., propidium iodide uptake, Lactate DeHydrogenase (LDH)-release, 

Annexin V staining) provides a greater level of certainty. Importantly, controls for the 

viability measurement should be included and need to be considered for normalisation of 

viability data. For cells transfected with a plasmid encoding for a mutated androgen 

receptor that is constitutively expressed for cytotoxicity measurements, Alamar blue has 

proven an ideal cytotoxicity test as it can be directly compared with the response from the 

wild type receptor (Vinggaard et al., 1999). 

6.10.2. Disturbed differentiation state 

A special case of artefacts caused by test items is the change of biological properties of the 

test system without overt cytotoxicity. The most common example is an altered 

differentiation of cells or an altered composition of cell sub-populations. For instance, a 

test item might disturb cell differentiation state (Fritsche et al., 2005) in a migration assay, 

and this alteration might lead to altered migration (Miettinen et al., 2000). The item would 

be wrongly classified as modifying cell migration. Another example would be 

measurement of monocyte function (e.g., cytokine release) in a whole blood assay. If a test 

item leads to platelet degranulation, it might influence the overall endpoint of the in vitro 

method without affecting the monocyte response as such. 

6.10.3.  Altered communication/adhesion properties 

Another special case of artefacts can be generated by interference of the test item with cell 

adhesion or communication. This is listed here separately, as it would not normally be 

detected by cytotoxicity assays, but it would strongly alter the behaviour of the test system 

(biological model) in the in vitro method. An example is binding of test item to molecules 

used for the coating of culture dishes. This would then alter readouts such as migration or 

neurite growth, without really affecting such processes within the cells (and without 

necessarily being relevant in vivo). 

6.11. Interferences in the in vitro method 

For pure test items, most of the unwanted interactions with the in vitro method are due to 

undesired interactions with either the test system or the in vitro method endpoint. The 

majority of interferences with the in vitro method endpoint are related to cytotoxicity 

(immediate or delayed cell death or functional impairment), as covered in Section 6.10.1. 

The situation regarding test items containing impurities or non-inert additional substances 

in their formulation (Section 6.12) is more complex, and highlights the need to have clear 

specification for the test item. For instance, impurities (e.g., detergents or solvents) may 

alter skin or blood-brain-barrier (BBB) permeability (without being cytotoxic) and thus 

result in incorrect data on the test item of interest when measuring skin or BBB permeation 

capacity. In other cases, where the test item is a finished product, potential impurities and 

contaminations are considered part of the test item and their effect on the response is 

important and has to be evaluated. 

Interference of the test item with the analytical endpoint means that the test item disturbs 

the normal measurement results (Thorne et al., 2010). This can be controlled by performing 

the in vitro method using adequate positive, negative, untreated or solvent controls. If the 

endpoints are of an analytical nature, the controls can also be spiked with the test item to 
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verify that the test item does not in any way hinder the normal function of the test system 

or interfere with the readout.  

Examples of read-out specific interference include, but are not limited to the following 

(Thorne et al., 2010): 

Fluorescence/absorbance-based methods: disturbance by test items which are 

fluorescent or absorb light at the wavelength of measurement, or test items that quench 

fluorescence, or light scattering due to e.g., insolubility or bubble formation. 

Luciferase based methods: non-specific activation or inhibition of the luciferase signal 

that can occur in a concentration-dependent manner. 

Enzymatic assays: alteration of enzyme function, of co-factor, or of other limiting reagents 

by the test item; display of enzymatic activity (or chemical reactivity) by test item itself. 

Resazurin or MTT reduction: strongly reducing agents directly reduce resazurin or 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) non-enzymatically. 

Compounds that trigger the release of superoxide can trigger reduction of resazurin by 

superoxide. This results in erroneous cytotoxicity data. Coloured compounds may interfere 

with the MTT measurement depending on the concentration and extinction coefficient. 

Another relevant example of this kind of interference is provided by the interactions 

between reagents and nanomaterials in colorimetric assays for cytotoxicity (such as 

sulforhodamine B dye, or MTT used in the viability assays) (Scenhir, 2015). Moreover, 

some nanomaterials may themselves disperse/absorb light and therefore interfere with the 

measurements in colorimetric assays. Some of these problems might be overcome by either 

adding appropriate controls or modifying existing protocols, e.g., removal of nanomaterials 

via centrifugation before reading the assay can reduce the variations in data generated for 

the same nanomaterials (Scenhir, 2015). 

6.12. Consideration of interferences not coming from the active ingredient 

With test items that are not pure, interferences with the in vitro method may be caused by 

impurities or ingredients of the formulation. Particularly difficult cases arise when such 

additional chemicals are inactive alone, but synergize somehow with the effect of the test 

item.  

This can also occur for the solvent of the test item. Frequently, a solvent concentration that 

does not affect the standard endpoint of an in vitro method as such (e.g., 0.1 or 1% DMSO) 

may still alter the effect of a test item on the test system (e.g., in the case of DMSO: through 

the antioxidant properties of DMSO; or through its effect on cell membranes; or through 

other activities including cell differentiation).  

For test items consisting of a natural mixture (e.g., essential oils) or non-natural/artificial 

mixtures (e.g., agrochemical formulations), it should be considered to test the mixture as 

well as the known pure substances present, since the other ingredients of the mixture can 

change the overall effect of the test item. The individual kinetics of the ingredients must 

then be considered, although ingredients that are not absorbed in vivo will not have an effect 

on the test item systemic toxicity, they may however affect test item toxicity in vitro. 
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Notes

1. See: 

https://echa.europa.eu/documents/10162/22816103/10_sb_siduvcb_d1_lrws_20120203_en.pdf 

2. See: https://en.wikipedia.org/wiki/Leachate 

3. See: http://www.oecd.org/env/ehs/nanosafety/publications-series-safety-manufactured-

nanomaterials.htm 

 

https://echa.europa.eu/documents/10162/22816103/10_sb_siduvcb_d1_lrws_20120203_en.pdf
https://en.wikipedia.org/wiki/Leachate
http://www.oecd.org/env/ehs/nanosafety/publications-series-safety-manufactured-nanomaterials.htm
http://www.oecd.org/env/ehs/nanosafety/publications-series-safety-manufactured-nanomaterials.htm
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Chapter 7.  Standard operating procedures 

Key message: Standard Operating Procedures (SOPs) and the accompanying forms, 

templates or worksheets should be written and prepared in a way that they will form the 

tools to simplify the work of the user when carrying out an in vitro method study. 

Key content: The chapter elaborates on the correct documentation of in vitro methods for 

routine testing including requirements for clear and concise SOPs. 

Guidance for improved practice: The evolution of a non-routine in vitro method to a 

routine in vitro method is described in a step-wise manner. 

Recommendations to derive a set of clear, well-written in vitro method SOPs are given. 
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According to the OECD Principles of Good Laboratory Practice (GLP) (OECD, 1998a), 

Standard Operating Procedures (SOPs) are defined as documented procedures which 

describe how to perform testing methods or activities normally not specified in detail in 

study plans or Test Guidelines (TGs). Formal SOPs facilitate consistency in the quality and 

integrity of a product or end-result, and are required by GLP. SOPs may include testing 

methods, instructions, worksheets, and laboratory operating procedures. SOPs are essential 

in a quality management system and must be formally authorised by management in a GLP 

test facility.  

The aim of SOPs is to ensure that procedures are carried out in a consistent and reproducible 

way by qualified personnel. Therefore SOPs need to describe, in sufficient detail, clear 

work instructions for a trained user to minimise the risk for misinterpretation.  

An in vitro method will be supported and documented with a number of different SOPs, 

forms, templates and worksheets. Besides the description of the main test procedure, SOPs 

for supporting procedures (e.g., the handling of cell cultures, waste handling, cleaning 

procedures, operating and calibration instructions for the equipment, record keeping, 

reporting, archival, quality assurance procedures, etc.) need also to be available and used. 

To avoid lengthy documents, the instructions are preferably divided into a series of SOPs. 

The SOPs must be readily available to personnel in each working area.  

7.1. In vitro method standard operating procedures development  

The development of an in vitro method for regulatory testing purposes is a difficult and 

time-consuming task. In the initial stages of the development, the procedure will undergo 

many changes and each step needs to be described in laboratory records, which will 

crystallise into laboratory procedure(s) or a set of SOP(s) along the test development 

process (Figure 10). During this period a historical dataset on the reference and control 

items will also be collected. This dataset will be used to define the critical and relevant end-

parameters and the control and reference items acceptance criteria.    

Once the method is sufficiently developed and all parameters are defined, an in-house 

validation process during which the in vitro method is assessed for repeatability (accuracy 

& precision), selectivity, sensitivity, and stability should be performed (Section 8.3). 

Likewise, its robustness is assessed (i.e., the influence of (external) parameters on the 

outcome parameters), as it is important to ensure the in vitro method performs in different 

laboratory environments, albeit within defined boundaries. 
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Figure 10: Evolution of a Standard Operating Procedure (SOP) 

 

 

Optimisation of the SOP should be performed by following a formal procedure prior to 

formal in-house validation. It is critical that any parameter(s) to be optimised should be 

chosen prior to the optimisation process, should be measurable, so as to allow before and 

after comparison, and should include the optimisation steps to be performed. All data 

acquired during the optimisation steps should be annotated to allow tracking, comparison 

and measurement of the acquired optimisation. 

During the in-house validation process (Section 8.3), weaknesses can come to light that 

may require adaptation or optimisation of the method, and which might also trigger the re-

initiation of a new validation cycle. It is recommended that any intended changes 

introduced during the validation should be in the form of amendment(s) to the validation 

plan.  

In addition, the in vitro method developer should be aware that if the in vitro method makes 

use of complex instrumentation and software, these commercial off-the-shelf products will 

require appropriate validation depending on the risk and the complexity of any 

customisation (OECD, 2016b). Spreadsheet templates using pre-defined formulas, self-
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written equations, or macros developed for use with the in vitro method must also be 

validated and will also require documented procedures for correct use. 

Upon a satisfactory completion of the validation process, the in vitro method development 

can be finalised and the final set of SOPs associated with the in vitro method will be 

available. 

Once an in vitro method has been validated and published, e.g., in the format of an OECD 

Test Guideline (TG), the users will, from the published method, need to develop their own 

set of SOPs which are applicable and integrated into their organisation to assure the correct 

execution of the in vitro method within their facility's environment. 

7.2. Preparing standard operating procedures 

As indicated above, how to perform the in vitro method and related procedures is given in 

a set of SOPs, covering how to execute the in vitro method but also SOPs referring to 

general supporting procedures (e.g., test system handling, solubility assessment, 

cytotoxicity measurement, equipment maintenance, calibration and cleaning; handling of 

test and reference items; record keeping, reporting, storage, and retrieval, etc.). The reason 

for not having all in vitro method steps and processes described in one single SOP, but in 

a set of SOPs is for ease of use by the personnel involved and for facilitating regular review 

and updating. 

The OECD GLP Principles (OECD, 1998a) provide examples of activities and processes 

that should be described in SOPs, while additional examples specific to in vitro testing are 

listed in the OECD advisory document on The Application of the Principles of GLP to in 

vitro Studies (OECD, 2004a). 

SOPs should be written in the active voice and concisely explained in a step-by-step 

procedure, easy-to-read format. The information presented should be unambiguous and not 

overly complicated. The document should not be wordy, redundant, or overly lengthy but 

simple and short. The inclusion of a flow chart and/or a checklist to illustrate the process 

can help to make it clearer and more easily executable. 

SOP(s) are best written by the individual(s) actually performing the work on a daily basis. 

The finalised SOP needs to be reviewed and approved by laboratory management, or the 

test facility manager in a GLP environment. SOPs are not static documents and need to be 

systematically reviewed on a periodic basis. SOP(s) may also need to be adapted whenever 

something changes (e.g., products, equipment and facility). In these cases a new version of 

the SOP should be approved. As soon as a new version is approved (date of approval), all 

concerned personnel need to be informed and the obsolete version removed from use and 

adequately archived. To allow and control this, all SOPs need to have a unique identifier 

(Title/version number/approval date). It is also recommended to detail the revision history 

in the document. In a GLP facility SOPs should be formally authorised by test facility 

management.  

It is a good policy to divide SOPs by type, e.g., the EPA Guidance for Preparing Standard 

Operating details two types, technical SOPs and administrative SOPs. The guidance 

document provides examples and a standard layout for both technical and administrative 

SOPs (EPA, 2007). 
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Chapter 8.  Performance of the method 

Key message: In vitro method developers need to ensure that in vitro methods they design 

will produce good quality data, i.e. fit for purpose, thanks to a stringent assessment of the 

performance of the method. 

Key content: Elements of experimental design and how to determine the performance of a 

method are detailed, including aspects of plate layout, data analysis, and in-house method 

validation, including the assessment of linearity, range, accuracy, etc. 

Guidance for improved practice: Details are given to increase the reliability of endpoint 

calculations when multiple independent experiments are run and to use tools to quantify 

performance characteristics. 

Recommendations are given to in vitro method developers on how to increase the 

possibility of adoption of their method for regulatory purposes. 
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In vitro method development and in-house validation should be considered as continuous 

and inter-dependent. Early in the development stage, the choice of instrumentation and 

methodology are selected based on the intended purpose and scope of the in vitro method. 

Once the development and optimisation of the method in the laboratory has been finalised 

it is recommended to perform an in-house validation (Section 8.3) of the method prior to 

routine use. This will provide documented evidence of the method performance in the 

laboratory and also prescribes on-going measures to ensure quality monitoring for the 

lifetime of the method. It will also check the feasibility of the method before the costly 

exercise of a formal collaborative trial (OECD, 2005). The validation process, as described 

in the OECD Guidance Document on the Validation and International Acceptance of New 

or Updated Test Methods for Hazard Assessment (OECD, 2005), is not address this chapter 

(Section 1.3).  

When discussing the in-house validation of in vitro methods, it is important to distinguish 

the analytical (measurable) endpoint (e.g. spectrophotometric, fluorimetric, mass-

spectrometry and/or luminometric) from the in vitro method endpoint (e.g., proliferation, 

differentiation or viability) which refer to the biological concept being evaluated (Aschner 

et al., 2016; Schmidt et al., 2016). The in-house validation of in vitro method analytical 

endpoint(s) is discussed in detail in (Section 8.3). 

The assessment to be performed will largely depend on the type of in vitro method (i.e., 

qualitative or quantitative). Very few guidelines exist concerning the validation of 

qualitative methods (NATA, 2013). There are several international guidelines available 

addressing the validation of quantitative methods (EMA, 2011; FDA, 2001; ICH, 2005) 

which describe the general parameters required to assess the performance of the method 

analytical endpoint(s). International efforts have been made to discuss and harmonise the 

validation guidelines, however different interpretations still exist and no consensus 

regarding acceptance criteria or the actual validation process (Rozet et al., 2011) has yet 

been achieved. Most of these differences stem from the different regulatory frameworks in 

place. For a detailed comparison of the various international guidelines see (Kollipara et 

al., 2011).  

8.1. Acceptance criteria 

As most in vitro methods are generally intended to predict a qualitative and/or a quantitative 

response, predictive of the degree of human or environmental hazard, it is essential that the 

in vitro method performs consistently over time and between laboratories.  

Acceptance criteria should be developed based on historical data for all critical components 

and aspects of the method. Criteria should be defined for the test system (e.g., passage 

number, growth curve, cell recovery) and test system performance (e.g., positive, negative, 

and vehicle controls where applicable). Acceptance criteria should also be set for the 

analytical endpoint determination (e.g., linearity, accuracy, range) and also include data 

analysis (e.g., line fitting). These criteria should be developed and detailed in the in vitro 

method SOP(s). 

Acceptance criteria should primarily be established based on information from historical 

data. When available, these can be then supplemented by data from validation studies, or 

from relevant bibliographic data including guidance documents. Historical data should be 

collected using the unchanged method, unless it can be shown that any changes have not 

affected the values. Data should only be rejected when there is a clear, valid and 
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scientifically justified reason to do so (Hayashi et al., 2011), and the reasons for rejecting 

said data should be clearly and accurately documented. 

For (transformed) data, which follows an approximate normal distribution, the mean and 

standard deviation (SD), e.g., for the positive control historical data, are calculated and the 

acceptance criteria are set at for instance ± 2 SD. For example the Bovine Corneal Opacity 

and Permeability (BCOP) in vitro method (Figure 5) uses 100% ethanol as the positive 

control. It has a mean published in vitro score (opacity + 15×permeability) of 51.6 ± 6.2 

(mean ± Standard Deviation SD), which would set the acceptance criteria (mean ± 2 SD) 

to 39.2 to 64.0 (n=1171 trials) (Harbell et al., 2014).  

For dose-response methods it is important to test multiple concentrations of the test item 

that fall within the linear dynamic range (Section 8.3.2) of the method, so as to narrowly 

define the 50% activity point. The 50% activity point (concentration) for the positive 

control may be used for e.g., establishing the acceptance criteria for a dilution-based 

cytotoxicity assay. This approach allows increased and decreased sensitivity to be readily 

identified.  

Establishing acceptance criteria for the negative control is important to assure that the test 

system performs normally, and is just as important as for the positive control and can be 

done in the same manner (e.g., within +/- 2 or 3 SD of the historical mean response, or 

within the 95% control limits of the distribution of the historical data). Other acceptance 

criteria may be established such as criteria for the variability of the (quantifiable) data (e.g., 

OECD TG 431, 439, 492) or criteria for the minimum level of cell viability (e.g., OECD 

TG 442E). 

Finally, it is also important to establish the cut-off value of the acceptance criteria, i.e., 

clear rules whether the response of a reference/control item is accepted or not, also taking 

into consideration the number of significant digits. The preferred approach is to specify the 

same number of significant figures both for the acceptance criteria and the measured result. 

8.2. Experimental design 

The number of replicates for each testing condition, including concentration level(s) used 

for the reference and control item(s), and test items etc., should be specified. During in 

vitro method development the number of replicates must be chosen using appropriate 

statistical methods. For example, a statistical power analysis (Crawley, 2015) can be used 

to calculate the desirable number of replicates to detect a defined difference between 

treatments with pre-set levels of confidence (Krzywinski and Altman, 2013). However, one 

should be aware that this number may be too high to be useful in practice. Alternatively the 

statistical power is provided for the chosen number of replicates. 

Additionally, when multiple concentrations of a test item are tested, the mathematical 

model (e.g., dose-response curve) can be fitted to the experimental data using increasing 

number of tested concentrations and/or replicates, but generally it is better to increase the 

number of concentrations than the number of replicates. The lowest number of replicates 

that gives satisfactory variability of the parameter of interest (e.g., IC50 within acceptable 

limits) can be used in future studies (Assay Guidance Manual1, High-Throughput Screening 

(HTS) Assay Validation2). Apart from these statistical considerations, sometimes 

practicalities such as cost and availability of replicates may also play a role in the selection 

process. However, the impact of reducing replicates should always be subjected to careful 

analysis and the corresponding statistical power should be given. 
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Similarly, the number of independent experiments needs to be evaluated. For instance, in 

vitro methods with a high degree of inter-experimental variability, such as those using 

primary tissues, may need a higher number of independent experiments compared to in 

vitro methods employing continuous cell lines.  

Statistical methods (e.g., factorial design) can be very useful in the process of optimising 

new in vitro methods. To obtain an in vitro method that leads to accurate, reliable and 

robust readouts, the results of several combinations of any changes in the in vitro method 

would have to be assessed. Factorial design of experiments is often used where there are a 

large number of variables to be assessed, as it is nearly impossible to approach all possible 

combinations experimentally. It is efficient at evaluating the effects and possible 

interactions of several factors (independent variables). A statistical approach predicting the 

effect of changes in the in vitro method steps on the observed readout (known also as 

method robustness assessment) would allow for the development of an efficient in vitro 

method design, since the experimental robustness check can be based on a much smaller 

subset of combinations (Box et al., 2005; Groten et al., 1997).  

8.2.1. Plate layout 

When developing an in vitro method care should be taken to minimise any potential 

systematic effects. Many cell-based assays employ cell culture plates (6, 12, 96, or 384 well 

plates), so care must be taken to ensure cell seeding, treatment and measurement is 

performed in a uniform fashion across the whole plate (well-to-well), between plates and 

across multiple runs. Plate effects may occur in the outer wells (e.g., due to evaporation), 

across columns or rows or even within the actual wells (within well effects). Plating cell 

density is also crucial if exposure is taking place during the log phase such as for inhibition 

of cell growth endpoint. In this case if the control cells reach the stationary phase during 

the exposure time, the effect of the test item may be underestimated. Plate effects should 

be evaluated e.g., by using the same conditions/treatments across a complete plate. 

Drift can be due to seeding density variation during the process of initial cell seeding in 

plates, e.g., cells may be settling down in the master vessel which is used to store a cell 

suspension used to seed a particular plate. Additionally, using the same set of tips on a 

multichannel pipette while pipetting cells in media compositions prone to foaming, may 

compromise the accuracy of the seeding. Higher variability, which cannot be resolved via 

technique optimisation may require increased number of replicates/concentrations used to 

calculate the dose-response, or a higher numbers of independent experiments (Iversen et 

al., 2004). 

Randomisation of treatment wells in the cell culture plate is a strategy used to minimise 

inherent plate bias due to edge effects3, drift, etc., and is particularly effective in an 

automated dosing setup. However randomisation may introduce other unforeseen errors, 

such as increased pipetting errors (usually only single wells can be pipetted), or data 

transfer/analysis errors (data may need to be rearranged for data analysis). It may also take 

significantly longer to treat the whole plate and so inadvertently introduce timing errors.  

The plate layout will depend on the specific needs of the in vitro method, e.g., the numbers 

of controls, concentrations tested and replicates required. It should be such that cross-

contamination (e.g., between test items) can be controlled for by checking variability 

between replicates. The plate design should also take into account how to perform 

comparison across plates so as to check between run or plate variability, by using 

appropriate reference and control items. An example of an experimental 96-well plate 

layout using reference and control items is shown in Figure 11 (Coecke et al., 2014).  
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Figure 11: Example of plate layout including reference and control items, and solvent and 

untreated controls 

 

The example plate layout minimises potential edge effects (difference between outer and 

inner wells due to evaporation). A way to assess plate drift is to include solvent controls 

(SC) on both the left and right side of the plate (Figure 12). Left and right SCs should not 

differ by more than a certain percentage for the plate to be accepted, e.g., a test meets 

acceptance criteria if the left and the right mean of the SCs do not differ by more than 15% 

from the mean of all SCs (NIH, 2001).  

Figure 12: Plate layout for systematic cell seeding errors 

 

In addition, certain test or reference items may be volatile (e.g., solvents) or may 

contaminate neighbouring wells by capillary action, known as the wicking effect (Sullivan, 

2001) and this may need to be taken into account in designing plate layouts. For instance, 

the commonly used cell lysis surfactant Triton X can affect cell viability in neighbouring 

wells and should be used at low concentrations or separated from cell-containing wells by 

placing wells containing media or buffer in-between. Covering the plates with a foil prior 

to incubation, may also be employed, to avoid evaporation of volatile test items (e.g., 

OECD TG 442D). 

Different effects found in the outer row of wells compared to the inner wells, are often due 

to uneven evaporation rates or plate stacking and can be a source of variation, as outer wells 
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can often present as outliers compared to inner wells. Often the outermost wells contain a 

sterile, water-based solution and are not used for control, reference or test items as 

evaporation may take place during opening the door of the incubator. The cell-free wells 

may also be used for controls in the assay (e.g., background OD/FI, test item interference 

with the assay). Modern incubators are able to compensate much better for the change in 

humidity and so limit evaporation inside the incubator. If these outer wells are used for test, 

reference or control items, it should be clearly stated in the SOP to check for potential 

variation prior to use as not all laboratories may be equipped with appropriate incubators. 

The inclusion of relevant reference and control items, and setting of acceptance criteria on 

the basis of historical data, is essential for regulatory applicability of in vitro methods and 

should be considered when developers decide on their plate layout. By including the correct 

reference and control items, the data set obtained from the in vitro method will demonstrate 

the correct functioning of the test system and the method used for analysis and therefore 

the validity of the experiments executed.  

8.2.2. Data analysis 

Transformation of data, e.g. normalisation or fitting to model equations, should be defined 

prior to data acquisition, and should be described in a SOP (OECD, 2017) or in the relevant 

study plan. Formulas for normalisation (checked for accuracy) should be documented, 

validated (when implemented in electronic format) and disclosed along with a description 

and justification of the controls used in the calculation. It is recommended that computer 

scripts used to process raw data (e.g., Excel spreadsheets, scripts, macros etc.) should be 

validated and fully documented. The OECD Advisory Document Number 17 on the 

Application of GLP Principles to Computerised Systems provides guidance on validation 

of computerised systems (OECD, 2016b). 

When a relationship is assumed between the tested concentrations and the response, a dose 

response curve, if required, can be fitted to obtain summary data such as the EC50 or IC50. 

When fitting mathematical models, such as a dose-response curves or standard curves, to 

the data the models and reasoning behind their choice need to be documented. For example, 

when fitting a dose-response curve, the type of the equation used should be documented 

(e.g., a four parameter logistic curve) together with any constraints (e.g., top constrained to 

100% in normalised data), limitations (e.g., assumption of monotonicity) and weightings 

(e.g., by inverse data uncertainty) applied (Motulsky and Christopoulos, 2004). 

Furthermore, the software name and version used to fit the equations should be 

documented, as well as the confidence interval of the parameters of interest, e.g., EC50, 

RPCMax, PCMax, PC50 and/or PC10 (OECD, 2016a) and the relevant goodness of fit 

parameters (R-square, sum of squares etc.) so as to justify the selection of the model. In 

some cases it may be preferable to test multiple models (e.g., include non-monotonic curve) 

and select the best fit after the curve fitting.  

8.2.3. Outlier detection and removal 

Criteria to detect/remove outliers should be stated and the reasoning should be given 

(Motulsky and Brown, 2006; Pincus, 1995). Outlier tests, such as Grubbs' Test (for single 

outlier) or using visual tools like boxplot (e.g., Mahalanobis distance), may be used to rule 

out outlier when it is difficult to judge whether the data should be regarded as an outlier or 

not, or when the reason for the occurrence of the outlier is unknown. 
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8.2.4. Non-monotonic dose and U-shaped curves 

While dose response curves for relatively simplistic models, like most in vitro assays, are 

monotonic (i.e., they increase or decrease over the entire dose response range), sometimes 

a non-monotonic dose response can be observed. This potentially can be due to 

superimposition of separate effects that would individually elicit monotonic dose 

responses, or could indicate a perturbation of the system, e.g., due to chemical insolubility 

and/or precipitation at high concentrations (Section 6.5). Usually, such curves are U-shaped 

and can occur in many types of in vitro and binding assays.  

An example of such a U-shaped curve is given below, where the analysis and interpretation 

of competitive binding data (Figure 13) can be complicated by an upturn of the percent 

binding when testing chemicals at the highest concentrations. As the concentration of the 

test item approaches the limit of solubility, the displacement of [3H]17β-estradiol begins to 

generate a “U-shaped response curve” (OECD, 2015c). Such U-shaped curves are typically 

considered artefacts of the test conditions rather than relevant descriptors of the binding 

affinity of the test item. Retaining such data points (circled in red) when fitting competitive 

binding data to a sigmoid curve can inappropriately raise the perceived bottom of the curve 

(Figure 13B), and can sometimes lead to a misclassification of the Estrogen Receptor (ER) 

binding potential for a test item (Figure 13A). This problem can be further controlled by 

excluding from the analyses all data points where the mean of the replicates for the % 

specific bound show 10% or more radioligand binding than the mean at a lower 

concentration (i.e., 10% rule), but it may not always be appropriate to include such a rule, 

as unintended and unforeseen consequences have been observed. 

Figure 13: Example, Analysis of Competitive Binding Data, with and without use of 10% 

rule 

 

If there is reason to believe that the test item is a non-binder, it might be appropriate to 

include a subjective waiver, so that the laboratories are allowed to use their judgement with 

regard to the use of the “10% rule”, however this needs to be justified in the study report. 

It is important to note that a subjective waiver of the 10% rule may not be considered 

statistically appropriate.  
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8.3. In-house validation of the measurement endpoint(s) 

This section focuses on the in-house validation of the measurement (analytical) endpoint(s), 

as described in the facility in vitro method SOPs. It is intended mainly for quantitative 

methods, however some of the performance characteristics relevant for qualitative methods 

are also described.  

a) There are no specific regulations concerning in vitro method in-house validation, 

however guidance documents (e.g., FDA) and guidelines (e.g., EMA, ICH Q2(R1)) 

for analytical endpoint(s) validation describe the elements required in most 

validation studies in order to characterise the methods in terms of e.g., their 

reliability and reproducibility. The assessment to be performed will vary depending 

on whether the method has been developed in-house, whether it has been 

transferred from another laboratory, whether it is commercially available or 

whether it has previously undergone full validation. Many guidelines classify 

method validations into full validation, partial validation, and cross-validation 

(EMA, 2011; FDA, 2001). 

b) A full validation includes all relevant aspects of a method, and should be performed 

for all new in-house developed methods or when major changes are made to an 

existing method. 

c) A partial validation should be performed when a previously validated method 

undergoes minor modification(s), such as change in calibration concentration range 

or when published methods, often modified to the facility's requirements, are been 

transcribed into facility SOP(s).  

d) A cross-validation is performed when two or more methods are used to generate 

data within the same study or across different studies. When performing cross-

validation the same set of reference, control and/or test items should be analysed 

by both analytical methods. 

While not all aspects of the in-house validation might be applicable to all methods, the 

guidance documents describe several acceptable approaches to be taken depending on e.g. 

the purpose of the method and whether the in vitro method is quantitative or qualitative. In 

general, quantitative methods should address at least, where applicable, the method's 

accuracy, reproducibility, linearity, limits of detection and range of measurement, while for 

qualitative methods specificity and sensitivity are key criteria.  

Many of these guidance documents describe the principles of validation and when and how 

to apply them. Regardless of the type of validation (full, partial or cross-validation), it is 

recommended to develop a validation plan, preferably written as step-by-step instructions, 

where the appropriate performance characteristics to be assessed are defined up-front 

before beginning the validation. Some GLP concepts, such as the requirements for a study 

plan and a final report can be applied when performing an in-house validation study.  

The validation should be performed by trained and qualified laboratory personnel, to 

minimise operator variability and only calibrated/validated (Section 4.1) equipment should 

be used, so as to reduce equipment related issues. The results of the validation should be 

compared with the acceptance criteria for the performance characteristics described in the 

validation plan and/or SOP(s) and any deviation should be recorded and documented in a 

summary report (validation report) together with conclusions on the outcome of the 

validation. 

Care should be taken to select appropriate and meaningful performance characteristics, and 

not to miss potentially critical ones such as reagent variability when drafting the validation 
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plan, as these will depend on the nature and type of the method being validated. A 

comparison of some of the quality parameters for both quantitative and qualitative methods 

is shown in Table 12. 

Table 12: Common quality parameters for quantitative and qualitative analytical methods 

(Trullols et al., 2004)  

Quantitative Method Qualitative Method 

Accuracy: trueness, precision Sensitivity and specificity 

Uncertainty Unreliability region 

Sensitivity and specificity False positive and negative rates 

Selectivity: interferences Selectivity: interferences 

Range and linearity Cut-off limit 

Detection limit Detection limit 

Ruggedness or robustness Ruggedness or robustness 

Caution must be applied when comparing these quality parameters as similar terms are used 

for different concepts and their evaluation may be different, e.g., for quantitative methods 

sensitivity should be a numerical value that indicates how the response changes whenever 

there is a variation in the concentration of the analyte. However for qualitative methods 

often reported as true/false or positive/negative, sensitivity is evaluated differently and as 

such may not be comparable (Section 8.3.4). The same applies to specificity, detection 

limits, cut-off value and uncertainty or unreliability region (Trullols et al., 2005). Some of 

the most common performance characteristics are discussed in the following sections. 

8.3.1. Detection Limits and Cut-off values 

The response of the instrument and the in vitro method with regard to the readouts of 

interest should be known, and should be evaluated over a specified concentration range, 

usually of the reference item. Various approaches may be used to determine the Limit of 

Detection (LOD) and Limit of Quantitation (LOQ) (ICH, 2005).  

a) Based on Visual Evaluation 

b) Based on Signal-to-Noise ratio 

c) Based on the Standard Deviation of the Blank4 

d) Based on the Calibration Curve  

Other approaches, described in the validation plan may also be employed. The LOD 

determines the lowest actual concentration or signal that can be consistently detected with 

acceptable precision, but not necessarily quantified. For normally distributed data, the LOD 

is often determined as the concentrations at the average response + 3 SD of the negative 

control range, as this gives only 1% chance of a false positive. LOQ is frequently calculated 

based on acceptable accuracy and precision of the reference item/reference item5. 

The Signal to Noise (S/N) ratio is frequently applied for methods which exhibit background 

noise (observed as the variation of the blanks) as baseline. It is calculated by comparing 

measured signals from samples with the reference item/positive control item with those of 

blank samples. A S/N ratio of 3 is generally accepted for estimating LOD, and S/N ratio of 

10 is used for estimating LOQ (ICH, 2005). Alternatively, assay acceptance can be 

determined using a signal window calculation6. 

For qualitative methods detection limits cannot be calculated as the SD can only be 

calculated when the response is a numerical value. For these methods a cut-off value, i.e., 

the minimum concentration of a substance needed to ascertain detection with a certain 
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probability of error (usually 5%), can be calculated. The cut-off value is usually determined 

by establishing the false positive and negative rates at a number of levels below and above 

the expected cut-off concentration, and as such is related to the sensitivity of the method 

(Section 8.3.4). 

8.3.2. Linearity and dynamic range 

The response of the instrument detector can be expressed either as dynamic range or as 

linear dynamic range. The dynamic range is the ratio of the maximum and minimum 

concentration over which the measured property (e.g., absorbance) can be recorded. The 

linear dynamic range, i.e., the range of solute (e.g., reference item) concentrations over 

which detector response is linear, is more commonly used.  

To quantify the amount of analyte in a sample a calibration curve is prepared, often assessed 

using a dilution series of the reference item. The results are plotted and a curve, usually 

linear, is fitted to the data. However not all in vitro methods will be linear for their full 

range, so a linear range (dynamic range) will need to be defined within the method's range.  

For quantitative measurements, the boundaries of the dynamic range are determined by the 

lowest and highest analyte concentrations that generate results that are reliably produced 

by an in vitro method. The lower limit of linearity is frequently referred to as the Lower 

Limit of Quantification (LLOQ) and the upper limit of linearity as the Upper Limit of 

Quantification (ULOQ). The upper limit of linearity may be restricted by the highest 

available concentration in a sample or by the saturation of the signal generated by the 

instrument, while the lower limit is often limited by the instrument specifications.  

The range is normally derived from the linearity and is established by confirming that the 

procedure provides an acceptable degree of linearity, accuracy and precision when applied 

to samples containing analyte (e.g., reference item) within or at the extremes of the 

specified range of the analytical method. 

If a linear relationship exists statistical methods can be employed such as fitting of a 

regression line using the least squares and calculating the linear regression parameters 

(correlation coefficient, slope, y-intercept as well as residual sum of squares). Regression 

calculations on their own are usually considered insufficient to establish linearity and 

objective tests, such as goodness-of-fit may be required.  

A correlation coefficient (r) of 0.99, based on a Goodness of Fit test, is often used as an 

acceptance criterion for linearity, however depending on the method lower r values may 

also be acceptable. Where a non-linear relationship exists, it may be necessary to perform 

a mathematical transformation of the data prior to the regression analysis. As linear 

regression is easy to implement, compared to other regression models (e.g., non-linear), a 

straight-line calibration curve will always be preferred. 

For certain assays/methodologies, equations other than the linear can be fit as a standard 

curve, provided that the user is operating within the range of the assay/equipment (Section 

4.1). However, it is recommended that the simplest model that adequately describes the 

concentration-response relationship is used. Selection of weighting and use of a complex 

regression equation should be justified. (Burd, 2010; EMA, 2011; FDA, 2001; 

Viswanathan et al., 2007). A minimum of 5 concentrations is recommended when assessing 

linearity, however other approaches may be used if justified (ICH, 2005). 

Subsequently, to facilitate efficient in vitro method transfer, the calculated linear regression 

parameters should be submitted along with a plot of the data. When the upper limit is 
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exceeded (i.e., samples fall outside of the linear range), they may need to be diluted if 

possible. Where samples give a result below the lower limit of the linear range, it may be 

necessary to adapt the sample preparation to higher concentrations or change to a more 

sensitive apparatus. 

8.3.3. Accuracy and precision 

Assessment of accuracy and precision of a method will depend on whether the method is a 

quantitative or a qualitative method. The precision of a quantitative method describes the 

closeness of individual measures of an analyte (e.g. reference item) and is expressed as the 

coefficient of variation (CV). The FDA Bioanalytical Method Validation guidance 

document recommends that precision should be measured using a minimum of five 

determinations per concentration and a minimum of three concentrations in the range of 

expected concentrations (FDA, 2001). Within-run and between-run precision should be 

reported. 

For small molecules the within-run and between-run precision should not exceed 15% 

(20% at the LLOQ and ULOQ) while for large molecules (e.g. peptides and proteins) the 

within-run and between-run precision should not exceed 20% (25% at the LLOQ and 

ULOQ). The total error (i.e., sum of absolute value of the % relative error and % coefficient 

of variation) should not exceed 30% (40% at LLOQ and ULOQ) (EMA, 2011).  

For quantitative methods accuracy is usually determined using certified reference 

materials, if available, or by comparison to a reference method or to other methods. The 

accuracy of a method describes the closeness of mean test results obtained by the method 

to the actual value (or nominal) value (concentration) of the reference item. Accuracy is 

determined by replicate analysis of validation samples containing known amounts of the 

analyte (FDA, 2001). The preparation of validation samples should mimic that of the study 

samples, and measurements should be made across at least 6 independent assay runs over 

several days (EMA, 2011).  

Accuracy should be reported as a percentage of the nominal value. When assessing the 

within-run and between-run accuracy for small molecules the mean concentration should 

be within 15% of the nominal value at each concentration level (20% at the LLOQ and 

ULOQ). For large molecules, both for within-run and between-run accuracy, the mean 

concentration should be within 20% of the nominal value at each concentration level (25% 

at the LLOQ and ULOQ) (EMA, 2011). 

Qualitative in vitro methods (e.g., as strong, weak), depend on accuracy and reliability to 

correctly classify chemicals according to its stated purpose (e.g., sensitivity, specificity, 

positive and negative predictivity, false positive and false negative rates). In such cases cut 

off values are used and their impact on the accuracy and reliability should be taken into 

account. The use of confidence bounds based on the distance from these cut-off values may 

not always be determined and therefore it may be preferable to conclude that the result is 

inconclusive (i.e., neither clear positive nor negative). The false positive rate is the 

probability that a test item which is actually negative being classified as positive by the 

method (Trullols et al., 2005).  

8.3.4. Sensitivity and specificity 

For quantitative methods sensitivity may be defined as the capacity of the in vitro method 

to discriminate small differences in concentration or mass of the test item, while specificity 

may be defined as the ability of the in vitro method to identify, and where appropriate 
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quantify, the analyte(s) of interest in the presence of other substances, i.e., the extent to 

which other substances may interfere with the identification/quantification of the analyte(s) 

of interest (ICH, 2005). It may not be always possible to demonstrate that the method is 

specific for a particular analyte (complete discrimination). Specificity is concentration-

dependent and is usually determined by adding materials which might be encountered in 

samples for which the method was developed. Specificity should be determined at the low 

end of the working range and ensure that the effects of impurities, cross-reacting 

substances, etc., are known.  

Sensitivity in relation to qualitative methods may be defined as the ability of the method to 

detect the true positive rate while specificity is the ability of the method to correctly identify 

the true negative rate. The performance of a qualitative method can also be assessed with 

positive predictive values (PPV) and negative predictive values (NPV). PPV is the 

proportion of correct positive responses testing positive while NPV is the proportion of 

correct negative responses testing negative by an in vitro method (Table 13). When 

calculating parameters such as sensitivity, specificity, false positive rate, false negative rate 

it is important that a balanced dataset is used (approximately an equal number of positive 

and negative compounds), otherwise these parameters will not reflect the true situation. 

The level of sensitivity, specificity, etc. which is acceptable is not standardised and is 

dependent on the list of items with which they are determined. Therefore, strict boundaries 

in acceptable levels for these accuracy parameters are not realistic. Generally though, 

sensitivities below 75% should not be accepted.  

Table 13: Possible outcomes of an in vitro method result of a test item in a validation 
 

Condition Prediction 

True False 

Test  Outcome Positive True positive (TP) False positive (FP) PPV 

Negative False negative (FN) True Negative (TN) NPV 

  

 
Sensitivity 

 
Specificity 

Accuracy 

𝑺𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚 (%)  =  𝟏𝟎𝟎 ∙  
𝑻𝑷 

(𝑻𝑷 + 𝑭𝑵)
 𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄𝒊𝒕𝒚 (%)  =  100 ∙  

𝑇𝑃 

(𝑇𝑃 + 𝐹𝑁)
 

 

8.3.5. Repeatability 

Repeatability is defined as the closeness of the results between a series of measurements of 

a single sample obtained by the same study personnel, usually a single person, under the 

same operating conditions over a short interval of time, and is also called intra-assay 

precision. The most suitable means of expressing repeatability of an assay should be 

established following e.g., biostatistical evaluations. It is often expressed as % CV of a 

series of measurements, but may depend on the specific in vitro method and analytical 

methods being used. 
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8.4. Proficiency chemicals 

For complex test methods, a number of proficiency chemicals are defined post-validation 

on the basis of the applicability domain and the dynamic range (i.e., spread of responses in 

the dataset) of the test method. These proficiency chemicals can be used by laboratories to 

demonstrate proficiency prior to the routine use of a validated test method or a test method 

falling within an adopted OECD test guideline. They usually represent either a subset of 

the reference chemicals included in the Performance Standards relating to the OECD TG, 

or chemicals used in the validation studies of the test method falling within the OECD TG.  

Criteria used to select the proficiency chemicals for the in vitro method typically include 

chemicals that: i) represent the range of responses to be predicted, ii) have high quality 

reference data available; iii) cover the method’s dynamic range of responses; iv) were 

correctly predicted by the test method during its validation study; v) cover a wide and 

representative range of relevant physical states, chemical classes, organic functional groups 

and structures falling within the applicability domain of the in vitro method; vi) are 

commercially available and vii) are not associated with prohibitive acquisition and/or 

disposal costs. 

It is also useful to include chemicals suspected of potentially interfering with the specific 

in vitro method format to better understand potential interference from unknown test items 

(examples include cytotoxic and cytostatic agents, fluorescent compounds and luciferase 

inhibitors and MTT interfering chemicals).  

The number of proficiency chemicals will depend on the in vitro method type and purpose 

and should be chosen in such a way that a new laboratory can be confident that their results 

will be acceptable and robust. Since this greatly depends on the properties of the method, 

some methods may require 5 proficiency chemicals while for others up to 20 compounds 

should be tested.  

In vitro method users should test the proficiency chemicals prior to routine testing for 

regulatory purposes and to formally comply with the OECD TG. The number of runs 

needed to correctly predict the proficiency chemicals is not limited. In this way, 

laboratories can demonstrate their proficiency in the in vitro method. Proficiency chemicals 

can also be used for training purposes, e.g., study personnel can demonstrate their ability 

to perform the method within the laboratory. 

8.5. Data-intensive in vitro methods 

The 21st century brought a paradigm shift in toxicity testing of chemical substances, relying 

more on higher throughput and/or high-content screening in vitro methods (NRC, 2007). 

These allow the processing of hundreds or thousands of compounds simultaneously 

enabling the identification of mechanisms of action, and ultimately facilitating the 

development of predictive models for adverse health effects in humans. Furthermore, 

image analysis and omics-based in vitro method read-outs are getting more popular for in 

vitro method developers due to the data rich information obtained with such methods. The 

documentation and validation requirements for "data-intensive" approaches do not 

materially differ from those outlined in Section 8.3, but there may be additional specific 

aspects to address (e.g., the validity of the image-analysis approach used). It is 

recommended that the performance of high-throughput methods should be compared to 

"gold standard(s)", if available, or well-established methods (e.g., qPCR validation of key 
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microarray/RNA-Seq findings). Further standardisation work will be required to achieve 

transferability and reproducibility of these in vitro methods. 

The utility of "big data" for regulatory safety assessment has been addressed, e.g., omics 

(ECETOC, 2013) or high throughput screening (Judson et al., 2013). These data may be 

used in various contexts, such as supporting evidence for read-across, defining categories 

or to allow the design of Integrated Testing Strategies (ITS). Still, most applications have 

focused on screening and prioritisation as in the US EPA ToxCast program (Judson et al., 

2010, 2013). 

Although some technologies have been extensively used for decades (e.g., microarrays), 

debate is still ongoing about the interpretability and comparability of data generated from 

different sites and/or platforms. For many omics technologies consensus is still to be 

achieved concerning best practices in many critical aspects such as the experimental design 

and protocols for sample preparation and handling, data processing, statistical analysis and 

interpretation, and quality control (Bouhifd et al., 2015). For some technologies such as 

transcriptomics first respective frameworks have been proposed (Bridges et al., 2017; Gant 

et al., 2017; Kauffmann et al., 2017). 

The maintenance of high standards is essential for ensuring the reproducibility, reliability, 

acceptance, and proper application of the results generated. A certain level of 

standardisation is also needed since "big data" are generated using diverse technological 

platforms and various biochemical, analytical and computational methods, producing 

different data types and formats. Also to be addressed is the issue of "black box" validation 

for complex data processing routines. 

Notes

1.  See: https://www.ncbi.nlm.nih.gov/books/NBK53196/ 

2. See: https://www.ncbi.nlm.nih.gov/books/NBK83783/ 

3. See: http://labstats.net/articles/randomise_spatial.html 

4. Blank: A sample of a biological matrix to which no analytes have been added that is used to assess 

the specificity of the bioanalytical method (FDA). An untreated control could be considered as a 

blank. 

5. The reference item is often also used as a positive control 

6. See: 

https://www.ncbi.nlm.nih.gov/books/NBK83783/#htsvalidation.Plate_Uniformity_and_Signa 

 

https://www.ncbi.nlm.nih.gov/books/NBK53196/
https://www.ncbi.nlm.nih.gov/books/NBK83783/
http://labstats.net/articles/randomise_spatial.html
https://www.ncbi.nlm.nih.gov/books/NBK83783/#htsvalidation.Plate_Uniformity_and_Signa
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Chapter 9.  Reporting of results  

Key message: Good reporting of in vitro methods can only be achieved when all important 

details are recorded in a way that allows others to reproduce the work or reconstruct fully 

the in vitro method study. 

Key content: Guidance is given on publishing and reporting of in vitro method studies and 

on data reporting for regulatory purposes. 

Guidance for improved practice: Examples and available sources for scientific data 

management are detailed to promote more transparency and openness from scientists to 

avoid issues related to reproducibility of data but also to stimulate electronic data sharing 

for a variety of research and safety assessment purposes. 

Recommendations are given to not only publish or make available the in vitro method 

results but also all the related documents and the changes that have been introduced to 

improve the method and the rational for them. 
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In vitro methods must be fully documented following good recording and reporting 

practices, and must contain all pertinent details to allow subsequent and adequate analysis 

and reporting of results. For example, batch/lot numbers, catalogue numbers, supplier 

details, and expiry dates for chemicals and reagents must be listed for critical reagents, as 

well as temperatures and times (e.g., storage of chemicals, incubation steps in the in vitro 

method), specific identification of critical equipment used and, perhaps most importantly, 

any deviations (unintended variations) from Standard Operating Procedures (SOPs). All 

this information must be directly and accurately recorded, signed and dated by the person 

performing the activity, as these recordings are important for the correct interpretation of 

the results and reconstruction of the study. Where technical activities (e.g., aseptic work) 

preclude that person from recording the data themselves, the use of a second person to 

record the data may be employed. In these cases both the person performing the activity 

and the person recording the data must be identified in the study data. 

Experimental details and results should be easily retrievable; a log page at the front of a 

notebook may help tracking recordings and observations. Any reference to computer files 

containing data should also be catalogued in the notebook. Data files should always be 

backed-up in case of computer failure, corruption, or deletion.  

Reporting requirements depend on the different development phases of the in vitro method. 

For regulatory use, requirements for reporting are described in the Good Laboratory 

Practice (GLP) Principles. Reporting adequate information and results of all developmental 

phases will increase the confidence in the in vitro method and would allow for general 

acceptability by receiving authorities.  

9.1. Publishing 

There is an increasing tendency towards more transparency when publishing work which 

may lead to better reproducibility of published data, as described in the Guidelines for 

Transparency and Openness Promotion (TOP) Open Science Framework1. The EU 

Competitiveness Council has also announced as their target that all scientific publications 

resulting from publicly funded research should be publicly available by 20202. It is also 

good practice to publish scientific results in a timely manner. The results will be used and 

re-used by other scientists, competitors, modellers or validation study statisticians. 

Moreover, for any systemic endpoint the prediction is/will be based on the results of many 

different studies, using different methods performed in different facilities, e.g. studies using 

in vitro methods for the identification of modulators of the thyroid hormone signalling 

pathway3. 

Sharing of data in public repositories is also being encouraged and best principles regarding 

the publication of scientific data have also been addressed by others, such as the FAIR 

(Findable, Accessible, Interoperable, and Reusable) Guiding Principles for scientific data 

management and stewardship, by the Nature Publishing Group4. This initiative not only 

promotes more transparency and openness but also promotes the use of computer readable 

datasets and data mining so that computers have the ability to access the data 

autonomously, unaided by their human operators, which is core to the FAIR Principles. 

Data sharing is encouraged by default, unless there is reason for confidentiality, using 

public data-sharing standards and repositories such as ISA-TAB5, Dryad Digital 

Repository6, Figshare7, and Nature Scientific Data8. It is recommended to not only publish 

the results, but also the method/SOP, again using on-line repositories such as Nature 

Protocols9, the Journal of Visualized Experiments (JoVE)10, Testing method Exchange, 
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Springer Protocols11, EURL ECVAM Database service on Alternative  Methods (DB-

ALM)12 and JRC-QSAR DB13. In the same vein, in vitro method modifications and further 

developments should be published. Such publications should include the changes leading 

to improvement, the rationale for them, and this should also entail information on which 

changes reduce in vitro method performance, or that do not result in an improvement.  

In addition to the increasing openness and transparency, the publication of negative results 

is also gaining more ground e.g., the Journal of Negative Results in BioMedicine14 is an 

open access, peer reviewed journal that provides a platform for the publication and 

discussion of non-confirmatory and "negative" data. 

9.2. Mutual Acceptance of Data (MAD) 

To avoid costly duplication in safety testing and government assessments, the OECD 

developed a framework for sharing data called the MAD system. MAD is a multilateral 

agreement which allows participating countries (including member states and MAD-

adhering economies) to share the results of various non-clinical tests acquired when 

applying OECD methods and principles. As such it provides governments with confidence 

that non-clinical in vitro method data, generated under the MAD system, can be used in 

regulatory assessments. The use of this data by the Receiving Authority (Section 1.9) may 

differ depending on the scope of the specific test guideline, i.e., some in vitro methods may 

be full replacement, partial replacement, part of a defined approach or only used for 

screening purposes/priority setting. Results derived from non-standard in vitro methods and 

non-testing methods may also be reported, but as supporting information. Other benefits of 

the MAD system include reduction in animal testing, the evaluation of more chemicals and 

broader availability and transparency of government-vetted, high quality information and 

data. 

9.3. Integrated Approaches to Testing and Assessment (IATA) 

The current regulatory toxicity testing and assessment approach has evolved over the past 

half century, however it is unlikely to efficiently meet legislative mandates that require 

increased numbers of chemical assessments to be undertaken without a concomitant 

increase in the use of animals and resources. Therefore, new approaches are necessary to 

close the gap between the number of chemicals in use and the number assessed to date. 

IATA15 are pragmatic, science-based approaches for chemical hazard characterisation that 

integrates and weighs all relevant existing evidence and guides the targeted generation of 

new data, where required, to build up a hazard or risk assessment acceptable in regulatory 

decision-making. The information provided by individual in vitro methods, as well as in 

silico predictions, can be combined, interpreted and used for regulatory decision making 

by means of an IATA (OECD, 2017). Ideally, an IATA should be informed by mechanistic 

understanding of the underlying toxicokinetics and toxicodynamics. A framework for 

capturing the toxicodynamic information is provided by Adverse Outcome Pathways 

(AOP)16. IATA and AOP knowledge, if properly captured and presented, leads to a better 

understanding of toxicity mechanisms, and ultimately the AOP knowledge derived from 

testing several chemicals may be extrapolated to predict the toxicity of all chemicals that 

trigger the same Molecular Initiating Event (MIE) or Key Event (KE). 

Structured integration of different data types can be performed at different levels, including 

raw data and summarised level data (OECD, 2016g). Different levels of data integration 

can then be used including Boolean combinations of categorised results, scoring 
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approaches, decision trees, deterministic and probabilistic approaches. As experience is 

gained, approaches to data integration can become standardised. Such approaches, called 

Defined Approaches (DAs), can thus become core elements of IATA. A DA is a formalised 

decision-making approach consisting of a fixed data interpretation procedure used to 

interpret data from a defined set of information elements (OECD, 2016f). 

In contrast to IATA, DAs can be standardised and could therefore fall under MAD. The 

OECD is working on the development of a PBTG on DAs for skin sensitisation. The 

project, co-lead by the EC, US and Canada, aims at developing international standards that 

would give to DAs equal regulatory status as the current animal tests, i.e., prediction 

generated with valid defined approaches would fall under the OECD mutual acceptance of 

data program (Casati et al., 2017). 

It is essential to have all the results reported in a uniform manner to facilitate their use in 

the IATA framework, where the same dataset can be used in many different ways. The 

OECD GD 255 on reporting of DAs to be used within IATA provides a set of principles 

for reporting DAs to testing and assessment to facilitate their evaluation. Templates, for 

reporting individual and multiple information sources, are also available to provide 

consistent reporting which will ultimately facilitate the evaluation of IATA and DAs in 

regulatory decision-making within OECD Member Countries (OECD, 2016f). 

9.4. Data reporting for regulatory purposes 

Data and derived results from GLP studies will play an important role in increasing the 

relevance of in vitro data in regulatory contexts. Consideration and ultimately acceptance 

of in vitro GLP data can be promoted by using a standardised data format. This is facilitated 

by the use of IUCLID17 (International Uniform ChemicaL Information Database), a 

software application used to record, store, maintain and exchange data on intrinsic and 

hazard properties of chemical substances.  

The OECD had already designed and published several OECD Harmonised Templates 

(OHTs)18 to report test results concerning: 

a) physical/chemical properties (e.g., boiling point, density, flammability, etc.) 

b) human toxicity (e.g., carcinogenicity, acute toxicity, etc.) 

c) environmental toxicity (e.g., aquatic toxicity, terrestrial toxicity, etc.)  

d) other properties describing degradation, accumulation etc. 

These templates are geared towards results derived from classical (mostly OECD 

guideline) studies, focusing on apical endpoints, i.e., Adverse Outcomes (AOs). 

However, reporting MIEs or KEs with such a classical OHT would tie them inseparably to 

the one AO the template covers, which is undesirable, as the in vitro/in silico/mechanistic 

information is then not easily accessible for building AOPs leading to other AOs: A Key 

Event can be relevant not only for one AOP, but several. Reporting the Intermediate Effect 

in an "AO-neutral" template makes the data available for all kinds of AOPs. A new, AO-

neutral OHT was therefore needed that would allow reporting observations from 

mechanistic (in vitro and in silico) tests, without immediately locking into one of several 

AOs the Intermediate Effect could lead to. 

Knowing not only about results of animal tests (classical OHTs), but being able to cross-

reference these test results with the intermediate effect observations (new OHT) has the 

potential to lead the way towards a less animal-centred hazard assessment. The OECD 

therefore started an initiative to come up with a stable, stakeholder-endorsed OHT for 
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reporting on "intermediate effects" being observed via in vitro assays and possibly other 

non-animal test methods (computational predictions etc.). The template, OHT 201 - 

Intermediate effects, was endorsed by the OECD Joint Meeting in 2015 and was finally 

published in August 201619. When submitting in vitro data to a receiving authority, the use 

of the OHT 201 is encouraged but is not yet obligatory.  

The basic principle of OHT 201 is that: 

a) one or several objective observation(s) (= results from non-classical test methods) 

b) lead(s) to one subjective conclusion (= Intermediate Effect present, yes or no). 

A properly filled in OHT 201 template therefore conveys a clear statement: 

a) Based on observations O1, O2, …On 

b) a certain chemical 

c) triggers/does not trigger  

d) a certain intermediate effect 

e) on a certain biological level 

f) at a certain effect concentration. 

With OHT 201 being implemented in IUCLID20, a software used by industry to fulfil 

reporting obligations under more and more legislative programmes (e.g., REACH), the 

concept of Intermediate Effects (and implicitly AOPs and predictive toxicology) has started 

to get attention in the regulatory world. This is a first step towards the acceptance of results 

from alternative tests for regulatory purposes, with the ultimate goal of replacing in vivo 

centred AO observations with alternative-methods-centred IATA/AOP considerations as 

the basis for risk assessment. 

In the US if a chemical is not on the TSCA Chemical Substances Control Inventory21, the 

substance is considered a "new chemical substance" while those already registered are 

considered as "existing chemical substances". Section 5 of TSCA requires anyone who 

plans to manufacture (including import) a new chemical substance for a non-exempt 

commercial purpose to notify the US EPA before initiating the activity. A pre-manufacture 

notice or PMN (a sample PMN form is available on the US EPA website22), must be 

submitted at least 90 days prior to the manufacture of the chemical. 

For in vitro methods without a guideline, the Office of Pesticide Programs US EPA 

recommends following OECD Guidance Document 211 (OECD, 2017) for describing non-

guideline in vitro methods (EPA, 2016). 

9.5. Reporting of method validation 

Validation is at the interface between in vitro method development/optimisation and 

regulatory acceptance/international recognition and ensures a science-based and 

conscientious evaluation of in vitro methods and approaches (e.g., Integrated Testing 

Strategies (ITS) or DAs), independent of specific interests, establishing their overall 

performance and fitness for a given purpose, i.e., their scientific validity23. 

The approach taken by a validation body may vary according to the needs of that body, 

e.g., whether they will coordinate the validation study or whether a validation study may 

be submitted to that body for assessment. In general an independent peer review of the 

validation study data and in vitro method is required, usually by organisations that 

specialise in in vitro method evaluations, such as JaCVAM24, EURL ECVAM25 or 

ICCVAM26.  
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OECD published criteria should be met prior to seeking regulatory acceptance e.g., test 

method and validation study data should have been subjected to a transparent and 

independent peer review process, the generated data must be useful for hazard/risk 

assessment purposes, the submitted test method and data should adequately cover a 

spectrum of chemicals and products representative of those overseen by the receiving 

authority for which the method is proposed, the applicability and limitations of the test 

method should be clearly described and the test method should be time and cost effective 

and likely to be used in a regulatory context (OECD, 2005). It is preferred that validation 

studies are performed and reported in accordance with the OECD Principles of GLP 

(OECD, 1998a). This will depend, however, on whether validation studies are part of the 

individual MA's inspection programme, as consensus has not been reached on this topic. 

Submission of a new test method considered ready for proposal as an OECD Test Guideline 

is done via the OECD Secretariat either through a member country or through its National 

Co-ordinator; through the European Commission (EC) (EU only); an industry association 

through the Business and Industry Advisory Committee (BIAC) to the OECD; invited 

experts via a National Co-ordinator. 
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Notes

1. See: https://osf.io/ud578/ 

2. See: http://english.eu2016.nl/documents/press-releases/2016/05/27/all-european-scientific-articles-to-be-

freely-accessible-by-2020 

3. See: http://dx.doi.org/10.1787/9789264274716-en 

4. See: http://www.nature.com/articles/sdata201618 

5. See: http://isa-tools.org/ 

6. See: http://datadryad.org/ 

7. See: https://figshare.com/ 

8. See: http://www.nature.com/sdata/ 

9. See: http://www.nature.com/nprot/index.html 

10. See: https://www.jove.com/ 

11. See: http://www.springerprotocols.com/ 

12.  See: https://ecvam-dbalm.jrc.ec.europa.eu/ 

13. See: http://qsardb.jrc.it/qmrf/ 

14. See: https://jnrbm.biomedcentral.com/ 

15. See: http://www.oecd.org/chemicalsafety/risk-assessment/iata-integrated-approaches-to-testing-and-

assessment.htm 

16. See: http://www.oecd.org/chemicalsafety/testing/adverse-outcome-pathways-molecular-screening-and-

toxicogenomics.htm 

17. See: https://iuclid.echa.europa.eu/ 

18. See: https://www.oecd.org/ehs/templates/ 

19. See: http://www.oecd.org/ehs/templates/harmonised-templates-intermediate-effects.htm 

20. See: https://iuclid6.echa.europa.eu/ 

21. See: https://www.epa.gov/tsca-inventory 

22. See: https://www.epa.gov/sites/production/files/2017-02/documents/pmnviewonly.pdf 

23.  See:   https://ec.europa.eu/jrc/en/eurl/ecvam/alternative-methods-toxicity-testing/validation 

24. See: http://www.jacvam.jp/en/ 

25.  See: https://eurl-ecvam.jrc.ec.europa.eu/ 

26. See: https://ntp.niehs.nih.gov/pubhealth/evalatm/resources-for-test-method-

developers/submissions/index.html 
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Chapter 10.  Storage and retention of records and materials 

Key message: Before collecting data from in vitro methods it is important to assess the 

format of collection, the complexity involved and requirements for traceability, storage, 

verification and transmission of data. 

Key content:  The chapter gives insight on what key records and materials to archive and 

retain. It also details adequate document and record management of processes and the 

traceability of origin of materials. 

Guidance for improved practice: Data integrity arrangements must be in place and 

structured methods and essential process components are described for both paper-based 

and electronic data to ensure that the collected in vitro method data are attributable, 

legible, contemporaneous, original and accurate. 

Recommendations are detailed for the necessary procedures related to retention, 

archiving, retrieval, backup and restoration for all target groups involved in the in vitro 

method lifecycle. 
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It is imperative that the historical data, paper-based or in the form of electronic data, are 

effectively managed so as to prevent any data integrity issues as this data may be requested 

when submitting the method for formal validation. 

As compliance with the Principles of Good Laboratory Practice (GLP) is required by law 

for non-clinical safety studies in many (OECD) countries, it is important that newly 

developed in vitro methods are suitable to be performed in a GLP environment, and so 

avoid lengthy adaptation where possible (Coecke et al., 2016). Studies which support 

validations may or may not be subject to verification depending on compliance monitoring 

authorities' programmes1. 

As the ultimate goal is to develop an in vitro method which will be formally validated for 

its future use in a regulatory environment following a quality system (e.g., GLP), it is 

essential to have some knowledge of the regulatory requirements specifically relating to 

the storage and retention of data, records and materials as the in vitro method should be 

designed so as to be easily transferrable into a GLP facility. In the early stages of method 

development there are less formal requirements for storage and retention of records and 

materials than in the later stages and in general facilities will follow internal policies 

regarding storage and retention of data, records or materials. The development phase should 

be used to define the raw data, preferably described in the in vitro method itself, and any 

data (e.g., metadata), records or materials, to be retained when used in a regulatory 

environment. 

Before beginning to collect raw data from in vitro test procedures, it is important to assess 

the format of collection, the complexity involved and requirements for traceability, storage, 

verification and transmission of data. Specific standards may apply for data from regulatory 

testing and manufacturing (Coecke et al., 2005; FDA, 2003; OECD, 1999). Data from 

material provided by tissue donors may also be subject to the requirements of data 

management and control under local, regional, national or international rules and 

regulations such as the EU Directive on Data Protection2 (national and regional rules should 

be consulted as these may vary). It should be ensured that data reported accurately reflects 

the results obtained during experimental work, by performing adequate quality control of 

the data.  

GLP test facilities should comply with the GLP principles with regards to storage and 

retrieval of records and data. The use of computerised systems and the generation of 

electronic data are now common across all aspects of a GLP study, through planning, 

performing, monitoring, recording and finally archiving. GLP data integrity requirements 

apply equally to paper and electronic data, and staff should be trained in data handling and 

data integrity and specifically with regards to ensuring electronic data integrity (Section 

10.1). 

Data may be generated in many ways, by recording manual observation, by printouts of 

simple equipment (e.g., balance) or by data generated using complex computerised 

systems. The more complex and configurable the system, the higher the risks to data 

integrity, however systems with lower complexity should not be overlooked. For instance, 

it may be relatively trivial to perform repeat measurements until the "correct" result is 

obtained (e.g., pH measurements). It is also important that all data is retained and archived. 

Many electronic records are important to retain in their dynamic (electronic) format, to 

enable interaction with the data. Data must be retained in a dynamic form where this is 

critical to its integrity or later verification. This should be justified based on risk. 
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Stored data should be secured by both physical and electronic means against loss, damage 

and/or alteration. Stored data should be verified for restorability, accessibility, readability 

and accuracy. Verification procedures of stored data should be risk-based. Access to stored 

data should be ensured throughout the retention period (OECD, 2016b). 

10.1. Data integrity 

Data integrity arrangements must be in place throughout the in vitro method lifecycle to 

ensure that the accuracy and completeness of the data. The lifecycle includes all phases in 

the life of the data, records and materials, from their initial creation or purchase through 

processing, use, retention, archival and retrieval, and eventual destruction (if applicable). 

It is vital that formal records used to confirm the results and how they were obtained are 

held in a stable/secure form, duplicated (i.e., backed-up) and location which is documented 

and traceable and for which there is a minimum storage period. Disposal after such storage 

periods should be recorded and a summary report of the destroyed data and the means of 

destruction should be prepared and held.  

If data is translated between different recording methods, systems and/or databases and, in 

particular critical phases like manual or semi-automatic transfer (e.g., ExcelTM files to 

database, combination of information obtained from two or three databases to one 

database), correct resolution of pre- and post-translation data should be reviewed and 

confirmed by a qualified person. For handwritten data translated into an ExcelTM sheet, it 

is also advisable for the changes to be verified by the same person who has made the 

observations. These issues are of special concern where data are exchanged between 

countries. When data translation occurs between different software or database systems, 

their compatibility and inability to be altered in translation should be tested and will need 

to involve appropriate validation procedures. 

The acronym ALCOA (Attributable, Legible, Contemporaneous, Original, Accurate) has 

been widely associated with data integrity (FDA, 2007; WHO, 2016). The Good 

Automated Manufacturing Practice (GAMP) guide "A Risk-Based Approach to GxP 

Compliant Laboratory Computerized Systems" includes an appendix (Appendix 3) on data 

integrity, which used the term "ALCOA +" described as Attributable, Legible, 

Contemporaneous, Original, Accurate, complete, consistent, enduring, and available 

(Table 15). 

Table 15. Terms associated with ALCOA + 

  Criteria Description / Explanation Comments 

A Attributable Who performed an action and when? If a record is changed, who did it 
and why? Link to the source data. 

Who did it? 
Source data 

L Legible Data must be recorded permanently in a durable medium and be 
readable. 

Can you read it? 
Permanently 

recorded 

C Contemporaneous The data should be recorded at the time the work is performed and 
date / time stamps should follow in order. 

Was it done in "real 
time"? 

O Original Is the information the original record or a certified true copy? Is it original or true 
copy? 

A Accurate No errors or editing performed without documented amendments. Is it accurate? 

 

Comparisons are often made between secure electronic data and data that are available in 

paper format. The comparison results in similar conclusions that electronic data are more 
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secure, more difficult to manipulate or change, and any changes are easier to detect 

(assuming that the software is technically compliant to 21 Code of Federal Regulations 

(CFR) Part 11 and technical controls are appropriately implemented). On the other hand, 

changes to paper data, such as a printed chromatogram, are simpler to make, but may be 

much harder to detect.  

The same principles should be applied when using either paper-based and electronic 

systems, or a combination of both. It should be assured that the data is unchanged from the 

source, and has not been modified, altered or destroyed. To ensure data integrity for both 

systems, the following components of this process should be taken into consideration. 

a) Documentation and result reporting 

1) Records must be clear and accurate.  

2) All activities should be recorded at the time they are performed.  

3) Records should also be chronological, traceable, and readily retrievable.  

4) Original documents must be clearly identifiable (e.g., time stamps, watermarks) and 

standardised, predefined; authorised forms and templates should be used wherever 

possible and applicable.   

5) Records should be signed and dated allowing for clear identification. The use of pencil 

either for recording data or signing/dating records should not be allowed. Recording of 

original (raw) data on loose notes or scrap sheets of paper should not occur. For 

electronic data, an audit trail recording who does what and when should be 

implemented. 

6) Any corrections written on documents should be signed, dated and justified (i.e., 

indicate the reason for change) by a trained staff member, and must not obscure the 

original data. 

7) Transcriptions, if performed need to be attached to the original results (full traceability) 

and reviewed.  

8) Chronology of recorded data must be ensured.  

 

b) Effective review and verification 

 A clear definition and understanding of raw data should be ensured.  

 There needs to be traceability to the testing method used, source data and verification 

of raw data.  

 SOPs need to be in place for data handling, record retention and good documentation 

practices and deviation handling etc.  

c) Additional considerations for electronic data 

1) If a system is required to maintain electronic data, it should be managed by unique 

user identity and password combination. If the system does not permit this, a paper-

based log must be in place to record who uses the generic user and password 

combination, or who uses the unprotected equipment.  

2) Paper records can be reviewed for any changes or crossings out/deletions plus the 

signature/date and the reason for doing so. This is to be replicated in an electronic 

system in the same way by use of an electronic log (audit trail).  

3) Electronic records must be traceable to the operator who produced the records. Where 

there are multiple users, each user should be provided with a unique 

username/password combination and shared logins should not be allowed.  

4) There must be a periodic user account review procedure.  

5) There should be procedures in place for assigning access rights to each user. 
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6) The level of access should be in line with the tasks that have to be performed.  

 

d) Data storage 

1) Data must be stored in a safe and secure place for paper-based systems and in protected 

folders for electronic systems.  

2) An approach must be in place to ensure that data are protected against loss, damage or 

overwriting.  

3) Access to stored paper or electronic records must be restricted and tightly controlled 

and documented, e.g., original electronic data files may be saved as read-only, so as 

to avoid manipulation or loss of these files.  

4) Electronic records must be held in a format that is not readily corruptible and protected 

from deliberate or accidental alteration (e.g., CFR 21 part 11, GLP: see OECD GLP 

Guidance Document 17). 

10.2. Retention and archiving  

In a regulatory GLP environment the archiving retention time is sometimes defined in 

national legislation. However, where there is no retention time specified, the OECD 

recommends that records and materials should be retained for as long as receiving 

authorities might request GLP audits of the respective studies and at least three inspection 

cycles so that inspectors can evaluate the GLP compliance of the test facility and the 

respective studies (OECD, 2007b). 

Retention arrangements must be designed to protect data, records and materials from 

deliberate or accidental changes, manipulations or deletions thus ensuring integrity 

throughout the retention period. Archiving is defined as the long-term retention of 

completed data and relevant metadata, records or materials. Archived data, records or 

materials may need to be stored for many years and must be permanently locked so that no 

changes can be made without detection. In the case of paper records, archive design and 

conditions must protect contents from untimely deterioration. In addition to this, they 

should be easily retrieved for regulatory inspections.  

The archives must be designed so as to allow for the archiving of documents and records 

and also for the archiving of study samples and materials (e.g., slides, specimens, test items 

and reference material) under suitable storage conditions (OECD, 2007b). The OECD 

Principles of GLP state that: "a sample for analytical purposes from each batch of test item 

should be retained for all studies except short-term studies". The same rules apply to these 

archives as apply to the paper based archive, i.e., access restrictions, retrieval and removal 

of items, etc.. 

The storage conditions should be optimal for these samples and often these archives will 

require dedicated storage facilities, e.g., low temperature storage such as -20oC, liquid 

nitrogen storage or storage of items under inert conditions. Where special storage 

equipment is required, the rules governing the control and maintenance of this equipment 

must be applied. Where computerised systems are used, these systems must also follow the 

facility's policy regarding the use of computerised systems, including qualification and 

validation of such systems (OECD, 2016b). 

Samples of test and reference items or specimens may however be discarded when the 

quality of the material no longer permits evaluation. Obviously, the storage conditions 

should be optimal for these samples. It is also good practice to refer to the storage devices’ 

history to determine equipment failures, power outages, moves, that could possibly impact 
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sample integrity. When samples of test and reference items or specimens are disposed of 

before the end of the required retention period, the reason for disposal should be justified 

and documented (e.g., the reason might be perishable specimens such as blood smears, 

freeze-dried preparations and wet tissues). 

Data is generated during the experimental phase of studies and during this phase the 

integrity of the data must be ensured until final archiving of the study. This data will usually 

be required for further analysis and as such will not be formally archived until the 

completion of the study. It is important that access to this data, both electronic and hard 

copies, is controlled until the final archiving upon completion of the study. It is 

recommended, where possible or feasible, that the electronic data is set as read-only or that 

an audit trail is provided, detailing who did what and when. 

The GLP Principles for archiving must be applied consistently to electronic and non-

electronic data. It is therefore important that electronic data is stored with the same levels 

of access control, indexing and expedient "retrieval" as non-electronic data. Electronic 

archiving should be regarded as an independent procedure which should be validated 

appropriately. A risk assessment should be applied when designing and validating the 

archiving procedure. Relevant hosting systems and data formats should be evaluated 

regarding accessibility, readability and influences on data integrity during the archiving 

period. 

When electronic archiving is performed, the archiving system, both hardware and software, 

must be designated as a computerised system and validated as such so as to ensure the 

integrity of data stored electronically over its life-time. If the data storage media, the data 

formats, the hardware or software of the archiving system changes during the archiving 

period, the system should be revalidated so as to ensure that there is no negative influence 

on the accessibility, readability and integrity of the archived data and that the ability to 

retrieve the data has not been compromised. Where problems with long-term access to data 

are envisaged or when computerised systems have to be retired, procedures for ensuring 

continued readability of the data should be established. This may, for example, include 

producing hard copy printouts or converting data to a different format or transferring data 

to another system. If migration of data including conversion to a different data format or 

printing is relevant, the requirements of this guidance for data migration should be met. 

Risk assessment, change control, configuration management and testing regime should be 

considered as relevant standard procedures when changes in the archiving system are 

required. As content and integrity of any electronic data should be preserved during the 

archiving period, the complete information package should be identified and archived (e.g., 

raw data, meta-data necessary to understand correctly the meaning of a record or to 

reconstruct its source, electronic signatures, audit trails, etc.). 

10.2.1. Retrieval 

Each facility should have in place procedures concerning the retrieval of archived records 

and materials. The procedures should detail who may retrieve records and materials, for 

how long and the return of records and materials to the archive. All steps mentioned above 

need to be documented and traceable.  

In the case of electronic records, viewing the records without the possibility of alteration 

or deletion of the archived version does not constitute "retrieval" of a record. Most systems 

available nowadays support read-only access, without the possibility to change or delete 

the archived record. 
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10.3.  Backup and restore 

When storing electronic documents, including electronic archives, periodic backups should 

be performed. These backups do not constitute archived records, however as they may be 

required to be restored in the case a system failure, the same rules regarding access to the 

archived electronic records should be applied to access to the backup(s). In general backups 

are foreseen for short term storage and not long term storage or archiving and therefore the 

long-term readability of these archives is usually not an issue; however the restoration of 

the backups should also be checked on a regular basis. 

Data generated during the experimental phase of the study should also be covered by the 

backup and restore policy of the facility. 

Notes

1. See: http://www.oecd.org/env/ehs/testing/glp-frequently-asked-questions.htm 

2. See: http://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:31995L0046 

 

http://www.oecd.org/env/ehs/testing/glp-frequently-asked-questions.htm
http://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:31995L0046
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Scope of the Report

The maintenance of high standards is fundamental to
all good scientific practice, and is essential for max-
imising the reproducibility, reliability, credibility,
acceptance and proper application of any results pro-
duced. The aim of this Guidance on Good Cell Culture
Practice (GCCP) is to promote the maintenance of
these standards and to reduce uncertainty in the
development and application of animal and human
cell and tissue culture procedures and products, by
encouraging greater international harmonisation,
rationalisation and standardisation of laboratory
practices, quality control systems, safety procedures,
recording and reporting, and compliance with laws,
regulations and ethical principles.

The scope of the document has deliberately been
broadly defined, to include systems based on cells and
tissues obtained from humans and animals, and
issues related to the characterisation and mainte-
nance of essential characteristics, as well as quality
assurance, recording and reporting, safety, education
and training, and ethics. 

Background

The first ECVAM Task Force on GCCP was estab-
lished in the autumn of 1999, in response to proposals
made at a workshop on the standardisation of cell cul-
ture procedures (1), held during the 3rd World
Congress on Alternatives and Animal Use in the Life

Sciences, Bologna, Italy, in 1999 (2). The proposal that
guidelines should be developed to define minimum
standards in cell and tissue culture, to be called Good
Cell Culture Practice (GCCP), led to the publication of
outline guidance on GCCP in 2002 (3). The principles
of GCCP are analogous to the OECD Principles of
Good Laboratory Practice (GLP), which cannot nor-
mally be fully implemented in basic research, includ-
ing in vitro studies (4).

In October 2003, a new task force was convened in
Ispra, Italy, with a broader range of expertise in cell
and tissue culture, in order to produce a more-detailed
GCCP guidance document which could be of practical
use in the laboratory.

This Guidance is required to serve the rapidly
expanding use of in vitro systems: in basic research, to
meet regulatory requirements for chemicals and prod-
ucts of various kinds; in the manufacture of various
products; in medical diagnostics; and in therapeutic
applications such as tissue engineering, and cell and
gene therapy. 

Further significant developments are certain to
result from, inter alia: the use of in vitro systems for
high throughput screening in pharmacology and toxi-
cology; the human genome project; the emerging
fields of genomics, proteomics and metabonomics; and
the use of biomarkers of disease, susceptibility, expo-
sure and effect. 

This Guidance is intended to support best practice
in all aspects of the use of cells and tissues in vitro,
and to complement, but not to replace, any existing
guidance, guidelines or regulations. 
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The Principles of GCCP

Based on review by a broad range of experts and
organisations, the aim of this Guidance is to foster
consensus among all concerned with the use of cell
and tissue culture systems, in order to:

— establish and maintain best cell and tissue culture
practice;

— promote effective quality control systems;
— facilitate education and training;
— assist journal editors and editorial boards;
— assist research funding bodies; and
— facilitate the interpretation and application of

conclusions based on in vitro work.

This GCCP Guidance is based upon the following six
operational principles.

1. Establishment and maintenance of a sufficient
understanding of the in vitro system and of the
relevant factors which could affect it.

2. Assurance of the quality of all materials and meth-
ods, and of their use and application, in order to
maintain the integrity, validity, and reproducibil-
ity of any work conducted.

3. Documentation of the information necessary to
track the materials and methods used, to permit
the repetition of the work, and to enable the target
audience to understand and evaluate the work.

4. Establishment and maintenance of adequate
measures to protect individuals and the environ-
ment from any potential hazards.

5. Compliance with relevant laws and regulations,
and with ethical principles.

6. Provision of relevant and adequate education and
training for all personnel, to promote high quality
work and safety.

The Application of GCCP

GCCP sets the minimum standards for any work
involving cell and tissue cultures. However, its
detailed implementation depends on the nature of the
work involved. Whilst this guidance is considered a
minimum standard for the preparation and mainte-
nance of cell cultures, deviations from its specific ele-
ments may be necessary under certain conditions, in
which case they should be justified.

Research and development

This guidance is important for research work, to
avoid poor reproducibility of data and the invalida-
tion of results from cell culture processes. Research

involving the derivation of new cell lines should
always include detailed records of the derivation
process and of the reagents and materials used, as
the cells may go on to be used for purposes not
anticipated at the time, and in some cases, this may
include clinical use. Particular care should be taken
where cells and tissues are to be used as a reference
point or reference material, especially for data
interpretation related to the equivalent cells and
tissues in vivo.

Critical testing procedures

In diagnostics, toxicology and pharmacology, specific
regulations are in place in order to protect human
health and the environment, such as European
Pharmacopoeial requirements and EU and OECD
test guidelines. This Guidance has been written to
ensure that the appropriate standards can be main-
tained when cells or tissues are used in meeting these
regulations and requirements.

Manufacture of products and therapeutic
preparations of cells and tissues 

A number of specific regulations and requirements
relate to the nature and quality of cells and tissues
used in the manufacture of products, including vac-
cines, monoclonal antibodies, hormones, and cells
and tissues for therapeutic use, as well as to the
preparation of the final products. The application of
GCCP must be consistent with these regulations and
requirements, and provides guidance generally not
covered in requirements for specific applications. 

Principle 1: Establishment and
maintenance of a sufficient
understanding of the in vitro system
and of the relevant factors which
could affect it

The essential elements for assuring reliable and accu-
rate work when using cell and tissue-based systems,
are:

— authenticity, including identity of the system, for
example, provenance and confirmation of geno-
typic and/or phenotypic characteristics;

— purity, for example, freedom from biological con-
tamination; and 

— stability and functional integrity of the system in
relation to its intended use.

The standardisation of in vitro systems begins with
the original animal or human donor and the cells or
tissues derived, and also embraces their subsequent
manipulation, maintenance and preservation.
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Standardisation is a difficult task, since cells and
tissues are prone to change in culture, and
inevitably are subjected to physical and/or chemical
insults during their isolation, culture, use and stor-
age. However, by establishing a framework of pro-
cedures for factors that can be controlled, variation
and other adverse effects on reproducibility and
reliability can be minimised. The availability of
well-characterised and quality-controlled stocks of
cells and tissues, and of media and other critical
reagents, further reduces variability.

Various classifications have been published,
which define different types of in vitro cell and tis-
sue systems (see Figure 1 and, for example, refer-
ence 5). Three broad categories will be considered
in this Guidance:

— isolated organs or tissues;
— primary and early passage cultures; and
— cell lines (including finite, continuous and stem

cell lines).

1.1 Cells and Tissues

Isolated organs or tissues

Isolated organs and tissues, taken for direct use
from animal or human donors, are used for a wide
variety of in vitro applications. These systems are
difficult to standardise, because they often have
complex environmental and nutritional needs, and
because of variation between donors.

Tissues or organ fragments can be used, often
perfused with physiological buffers, in a variety of
devices. Such in vitro systems, including isolated
skin and eye models, are very popular for toxico-
logical applications, due to their similarity with
the in vivo situation. It is important to be able to
study an adequate number of replicates in such
experiments, and one approach is to use slice tech-
nology. Ultra-thin slices of tissues such as liver,
lung, kidney or brain, can be used to provide a
preparation retaining some of the structural and
functional features of the original organ.
Inevitably, however, such features tend to be rap-
idly lost. 

Methods involving the isolation and reaggrega-
tion of cells from organs such as the skin, brain and
liver, can lead to the reconstruction of three-dimen-
sional structures, again with some of the structural
and functional properties of the original organ or
tissue.

Cells from blood and other body fluids are readily
prepared as homogeneous preparations, which are
very useful for in vitro studies. Preparations such
as umbilical cord blood and bone-marrow offer rich
sources of stem cells, and could become the basis of
an expanding range of other systems. 

Primary cultures and early passage cultures

The initial in vitro culture of harvested cells and
tissues taken directly from animals and humans is
called primary culture. In many cases, such cul-
tures also exhibit key characteristics similar to
those seen in vivo, so they are widely used for
basic research and for a number of in vitro appli-
cations. 

Although cells in some primary cultures can pro-
liferate and can be subcultured (as early passage
cultures), they generally have a limited life-span
and are known to change their differentiated char-
acteristics with time in culture. They commonly
require complex nutrient media, supplemented
with animal serum and other non-defined or ill-
defined components, although serum-free medium
formulations are becoming increasingly available.
Primary cultures often represent heterogeneous
cell populations, and are difficult to standardise and
to reproduce, because of uncontrollable variations
between preparations.

Primary cultures have traditionally been main-
tained either in suspension or, more commonly, as
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monolayers on glass or plastic surfaces. However,
methods employing extracellular matrix compo-
nents, and innovative techniques such as the co-cul-
ture of different cell types and three-dimensional
culture, now offer much greater potential for main-
taining differentiated structure and function. 

Cell lines

Cell lines comprise cells that are able to multiply for
extended periods in vitro and can therefore be
maintained by serial subculture. They can be subdi-
vided into finite cell lines, continuous cell lines and
stem cell lines.

Finite cell lines
Finite cell lines are cultures of cells that possess the
ability to be subcultured numerous times, but
which eventually cease replication and enter a state
of senescence, in which cell division has stopped,
but the cells remain viable and may also retain
some functional activity.

Finite cell lines have a useful life-span in vitro,
and can be maintained as well-characterised and
quality-controlled cell banks. However, changes
occur as they approach senescence, so they should
not be used above defined population doubling lim-
its, which can be established by experimental inves-
tigation.

Numerous finite cell lines have been established.
Many of them are human diploid fibroblast cell
lines, which are genetically stable and remain
diploid for many passages, but which generally
reach senescence after 60–70 population doublings.

Continuous cell lines
Certain cell lines show an apparent ability to be
subcultured indefinitely, and are known as continu-
ous cell lines. They do not show the senescence
experienced with finite cell lines. Continuous cell
lines are typically derived from tumours or normal
embryonic tissues.

While many continuous cell lines have proved to
be stable over long-term passage in vitro, they may
undergo substantial and irreversible changes. It is
therefore important to avoid subjecting cell lines to
variable culture and passage conditions, and to
establish cryopreserved stocks of early passage
cells.

Some continuous cell lines can be a heteroge-
neous mixture of phenotypes (for example, human
promyelocytic HL-60 leukaemia cells, RD, SH5Y-
SY). Other cell lines may undergo changes to the
differentiation state due to certain medium addi-
tives (for example, retinoic acid, dimethylsulphox-
ide) or culture conditions (for example, when
adherent cultures, such as Caco-2 or MDCK, are
allowed to reach confluency). In such cases, the
potential for the selection of certain cell types as a

result of sub-optimal in vitro maintenance, han-
dling and preservation, is a significant risk for in
vitro cell-based methods.

Continuous cell lines may arise spontaneously, or
can be produced by using a variety of other method-
ologies, such as:

— exposure of normal cells and tissues to irradia-
tion and/or treatment with chemical mutagens
or carcinogens;

— isolation from cultures infected with viruses (for
example, Epstein-Barr virus);

— genetic modification of cells by transfection with
cloned genes (for example, SV40 large T-antigen,
adenovirus E1, telomerase); and 

— isolation from transgenic animals.

Stem cell lines 
Stem cell lines, such as embryonic and germ cell
lines, are types of continuous cell lines that retain
the characteristics of stem cells and can produce
diverse differentiated cell types. They require great
care in their maintenance, handling and preserva-
tion, in order to ensure that their stem cell charac-
teristics and capacity for differentiation are retained.

Embryonic stem cell lines are usually established
and maintained on embryonic mouse fibroblasts or
other feeder cell layers, which are critical to their
successful culture. Although serum-free and feeder-
free culture methods are currently being developed,
the effects of these new developments on the stabil-
ity and quality of the cultures have yet to be ascer-
tained.

Some continuous cell lines, notably cancer cell
lines, are known to contain stem cell or precursor
cell populations. For the purposes of this
Guidance, these are not included as stem cell lines.
The exact nature and significance of the apparent
stem cell component in such lines remains to be
determined. 

Standardisation for specific uses
Standardisation of cell lines used for specialised stud-
ies and for production purposes will require attention
to specific characteristics, as well as to the funda-
mental issues which apply to all cell cultures (see
GCCP Principle 2). They should be checked, and
rechecked at appropriate times, for the expression of
critical functions and markers (for example the path-
ways for biotransformation of xenobiotics, specific
cytoskeletal markers, and characteristic morphology
and ultrastructure). The number of passages for
which they remain usable should be established. 

1.2 In Vitro Culture Conditions

Cell and tissue culture environments differ in many
respects from those found in vivo. Key elements of
in vitro culture conditions include culture media,
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supplements and other additives, culture-ware, and
incubation conditions.

Basal medium 

In vitro work is generally performed in complex nutri-
tive media. Depending on the circumstances, the basal
culture medium can be serum-supplemented (as in
traditional cell culture methods) or serum-free, but
supplemented with additives necessary for obtaining
satisfactory cell proliferation and production, or for
maintaining a desired differentiation status. 

Many slightly different formulations exist under the
same general medium names, such as Minimum
Essential Medium (MEM), and even subtle changes in
the medium formulation can substantially alter the
characteristics of certain cells and tissues. In many
cases, these variations are deliberate for specific appli-
cations. Therefore, the medium to be used should be
precisely specified, and it is important to check that
new supplies of medium meet the required specifica-
tions. 

Serum

Serum is essential for the maintenance and/or pro-
liferation of many cell types. It is a complex mixture
of a large number of constituents, including low and
high molecular weight biomolecules with a variety
of physiologically balanced growth promoting and
growth inhibiting activities. However, due to its
complexity and to batch-to-batch variation, serum
introduces unknown variables into a culture system
and can interfere with its performance.

Animal serum can be derived from adult, new-
born or fetal sources. Bovine sera are most com-
monly used, and during the last few decades, fetal
bovine serum (FBS) has become the standard sup-
plement for cell culture media. It is a cocktail of
most of the factors required for cell proliferation
and maintenance, and thus is an almost universal
growth supplement. 

As the composition of serum is highly variable, it
is important that, when an existing batch of serum
is substantially depleted, a new set of serum
batches should be evaluated in parallel with the
current in-use batch. A range of growth promotion
tests can be used for this purpose, one of the most
convenient and most widely used of which is the
plating efficiency test (see reference 6). 

It may also be useful for individual users to define
serum specifications that meet their particular
needs, including the maximum acceptable levels of
serum components, such as immunoglobulins
(which may have inhibitory effects), endotoxins
(indicative of bacterial contamination, but which
are also powerful cell mitogens), and haemoglobin
(indicative of haemolysis during clotting).

Animal sera are a potential source of microbio-
logical contaminants, notably mycoplasma, bovine
viruses, and possibly the agent which causes Bovine
Spongiform Encephalopathy (BSE). Suppliers use a
variety of techniques, including filtration, irradia-
tion and heat-inactivation, to reduce microbial con-
tamination. Nevertheless, it is wise, and for some
applications, obligatory, to specify sourcing of
serum from countries where there is a low risk of
infection, and, in the case of bovine sera, from ani-
mals of less than 30 months old. 

The use of human serum is restricted to spe-
cialised applications, as it carries additional risks,
such as the potential presence of human pathogenic
viruses. Its use must be subject to the strictest qual-
ity controls, including documentation to demon-
strate origin and viral safety. 

Because of the disadvantages inherent in the use
of animal and human sera, there have been many
attempts to find alternatives. These have included
the use of poorly defined supplements (for example,
pituitary extracts, chick embryo extracts, bovine
milk fractions, bovine colostrums), and various plant
extracts (for example, vegetal serum). In some cases,
it is possible to use fully chemically defined media
with appropriate hormones and growth factors. A
compilation of commercially available serum-free
media was published recently, and can be found at
http://www.focusonalternatives.org.uk.

Nutritional status 

The exhaustion or inactivation of essential nutri-
ents in cell culture media, and rising levels of
metabolites, will inhibit cell growth and cell func-
tion, and will ultimately cause cell death. Planning
an appropriate procedure for medium replenish-
ment (i.e. frequency and volume of medium) and
passaging (for example, split ratio) is therefore
essential. This should also be considered when
using conditioned medium from one culture in an
attempt to promote the growth of another. 

Antibiotics

It is important to remember that antibiotics are
agents that arrest or disrupt fundamental aspects
of cell biology, and, while they are effective against
prokaryotic cells (i.e. bacteria), they are also capa-
ble of causing toxic effects in animal cells. Not sur-
prisingly, antifungal agents, being directed at
higher order, eukaryotic micro-organisms, are
likely to be more toxic to animal cell cultures. Given
these obvious contra-indications, the use of antibi-
otics in cell and tissue culture should be focused in
two areas: a) protection of tissues, organs, primary
cultures and cell lines from contamination; and b)
the positive selection of recombinant cell clones
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based on the expression of antibiotic resistance
genes. In addition, it is important to obtain antibi-
otics from companies that are willing to provide cer-
tification for the concentration and purity of the
antibiotics they supply. 

Where possible, the use of antibiotics should be
avoided. It should not become routine in the cell and
tissue culture laboratory, and can never be relied on
as a substitute for effective aseptic techniques.

Cell culture surface/matrix

The surfaces to be used for cell cultures may need to
be pre-washed or pre-treated, for example, to achieve
the comprehensive wetting of a complex matrix.
Where coating materials are used, the preparation
method may lead to toxic conditions (for example, low
pH), and washing before cell seeding may be neces-
sary. There may be batch-to-batch variation in coat-
ings of biological origin, so pre-use testing is essential.

1.3 Handling and Maintenance

Care should be taken not to expose the cells or tissues
to inappropriate conditions (for example extended
periods out of the incubator). Key items of equipment,
including incubators, laminar air flow and microbio-
logical safety cabinets, and cryostorage systems, must
be set up and used appropriately (see Appendix 1 and
Appendix 2).

Aseptic techniques, where appropriate, should be
rigorously applied. The routine isolation, handling and
maintenance protocols for cells and tissues should be
established as Standard Operating Procedures (SOPs).

Temperature

The optimal culture temperature depends on the
type of cells involved. Insect cells have a relatively
low optimal growth temperature compared to mam-
malian cells, and their growth characteristics may
be altered at higher temperatures, for example,
above 28°C. The exposure of mammalian cells to
temperatures above 39°C may induce apoptosis,
whilst growth below 35°C may slow replication but
may also enhance the expression of certain cell pro-
teins. Recombinant cell lines expressing the tem-
perature-sensitive form of SV40 large T-antigen,
will replicate at around 33°C, but not at 37°C.

Atmosphere

Oxygen and carbon dioxide are known to be vital for
cell growth, and variations in the levels of these gases
can have significant effects on cell cultures. High levels
of both gases will be toxic, and very low levels will

inhibit cell growth and may result in cell death. Oxygen
levels may need to be optimised for particular purposes,
for example, to promote growth in large-scale cultures
in bioreactors. For many cell cultures, the appropriate
atmosphere would be 5% v/v carbon dioxide in air, but
the optimum carbon dioxide concentration will depend
on the medium in use, the cells being cultured, and pos-
sibly on other specific considerations.

pH

The optimal physiological pH for mammalian cell cul-
tures is usually considered to be pH 7.2–7.4, and pH
6.0 for insect cells. Variation outside a relatively nar-
row pH range may have significant effects on cell phe-
notype, growth and viability. 

Cell detachment and subculture

Detachment solutions, such as trypsin/EDTA, can
have significant effects on cells, if their use in specific
circumstances is not appropriate. Residual detach-
ment solutions can lead to adverse effects, and there-
fore should be removed after cell dissociation.

Most cell lines are subcultured before they reach
confluency. This may be particularly important in
some cases, such as where cell differentiation
occurs progressively after confluency is reached (for
example, Caco-2 cells). The repeated passage of
some cell lines after they have reached full conflu-
ency, may result in the loss of desired characteris-
tics. For example, the subculture regime can affect
the apparent productivity of recombinant cell lines,
and the differentiation capacity of Caco-2 cells.

1.4. Cryopreservation

Cells and tissues can be cryopreserved in a stable
state for limited or prolonged periods. The cryo-
preservation process includes freezing, storage and
recovery. In the development of a preservation pro-
cedure for a new cell culture, the following points
relating to the biochemical and morphological
nature of the culture system, must be considered: 

— original cell or tissue type (i.e. gross morphology
or complexity of culture system);

— growth phase (usually, cells should be harvested
during exponential growth to increase the propor-
tion of cells with a high nucleus:cytoplasm ratio);
and

— status of cells (other biochemical or morphological
features, affected by differentiation, adherence,
etc., will influence the success of cryopreservation).

There are also a number of key technical elements
in the process of cryopreservation that should be
considered, including:
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— cryoprotectant (select type and concentration to
balance the degree of cryoprotection against any
toxic effects, for example, 10% v/v DMSO);

— additives to improve cell survival (for example,
serum);

— cooling rate (for example, freezing at controlled
rate in the presence of the selected cryoprotec-
tant: typically 1°C/minute with 10% v/v DMSO);

— storage conditions (sufficiently low temperature
to eliminate biological changes, for example, liq-
uid nitrogen vapour or liquid phase); and

— recovery method (for example, rate of thawing,
gradual dilution to minimise osmotic shock,
removal of cryoprotectant to avoid any toxic
effects).

Storage in the liquid phase of nitrogen provides the
lowest, most stable and most convenient storage tem-
perature, but vapour phase storage is generally con-
sidered to be safer (see Appendix 1). Electrical
storage systems provide a very practical and mainte-
nance-free, low temperature storage solution.
However, in a multi-user environment, such systems
are prone to the effects of temperature cycling in
stored material, and in the absence of liquid nitrogen
or carbon dioxide back-up systems, they are at high
risk in the event of loss of power supply.

The failure of liquid nitrogen refilling procedures
can result in the loss of valuable cells and tissues, so
it is vital that there are effective training and mon-
itoring procedures for the filling and maintenance
of liquid nitrogen containers. In addition, it is advis-
able to store aliquots of important stocks at more
than one storage site.

1.5 Microbial, Viral and Cellular Cross-
contamination

Contamination with bacteria, yeast and other fungi
can result in the complete loss of cultures. Undetected
contamination with slow growing micro-organisms, or
with micro-organisms resistant to antibiotics, can
have a significant impact on the quality and/or valid-
ity of data obtained from in vitro systems. The most
common example of such an infection is mycoplasma.

There are various potential sources of viral contam-
ination, including the operator, cell culture reagents of
animal origin, and cells or tissues of animal origin. All
cell and tissue culture facilities should therefore have
appropriate measures for minimising the risk of micro-
bial and viral infections and for their detection. 

Viruses can cause lytic infections, thus destroying
the host cells, but may also become established as per-
sistent, sub-lethal infections, which are maintained
with passage of the host cell line. Many cell lines both
carry and express virus sequences without producing
infectious virus particles. In a small number of cases,
infectious human pathogens are released into the cul-
ture medium from lymphoblastoid cell lines (for exam-

ple, Epstein-Barr virus from the B95-8 cell line, and
human T-lymphotrophic virus II from MT4 cells).
Animal viruses are expressed by some cell lines (for
example, bovine viral diarrhoea virus in certain bovine
cell lines). Mammalian genomes contain many retro-
virus-like sequences, which, whilst not overtly infec-
tious, may be released in large quantities as
retrovirus-like particles in murine myeloma cells,
hybridomas and other cell lines (for example, CHO
cells and BHK cells). The expression of such virus-like
sequences is also observed at the RNA level in many
human cancer cell lines and also in primate cell lines. 

Cross-contamination of cell lines with other cell
lines is a real, but often neglected, problem.
Whenever possible, cells should be obtained from
certified sources, and appropriate procedures
should be applied to minimise the risk of cross-con-
tamination during their storage and use in the lab-
oratory (see Principle 2).

Principle 2: Assurance of the quality
of all materials and methods, and
of their use and application, in
order to maintain the integrity,
validity, and reproducibility of any
work conducted

The aim of quality assurance is to confirm the consis-
tency, traceability and reproducibility of in vitro cell
and tissue work. Each laboratory should have desig-
nated persons to oversee the quality assurance of:

— the cells and tissues;
— growth media and all other materials;
— the methods, protocols, and SOPs;
— the equipment and its maintenance;
— the recording procedures; and
— the expression of results.

2.1 Cells and Tissues 

A laboratory should have specific protocols or SOPs
for the receipt of new or incoming cells and tissues,
and for the handling, maintenance and storage of
all cells and tissues, with regular monitoring for
compliance. The following are among the factors to
be considered:

— authenticity;
— morphological appearance;
— viability;
— growth rate;
— passage number and/or population doublings;
— functionality;
— differentiation state; 
— performance controls specific to the application;

and 
— contamination and cross-contamination.
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2.2 Other Materials and In Vitro Culture
Conditions

The quality control of media, supplements and
additives is both time-consuming and expensive.
Since most of these materials are obtained commer-
cially, the supplier should be expected to operate
according to standards appropriate to their supply
and use, and to provide the relevant quality control
documentation (Table 1). 

The user laboratory has the responsibility:

— to confirm that all the materials to be used are
suitable for their intended purposes;

— to ensure that all materials are appropriately
handled, stored and used; and

— to monitor batches of materials with regard to
changes or variations which may affect their use
(for certain critical reagents, for example,
serum, pre-use testing may be necessary).

In the case of critical reagents, the manufacturer
cannot be expected to know the user’s specific
requirements. The user should therefore define a
specification to include general details of the
reagent, such as quality controls for identity (com-
position), purity and activity and stability. Where
relevant, the specification should include compli-
ance with international standards (such as ISO
standards or pharmacopoeial protocols).

All other working materials which come into
direct contact with cell and tissue cultures should
be regularly monitored, and appropriate procedures
should be in place for ensuring; the quality of cul-
ture vessels and surface coatings; the cleanliness
and sterility of any re-used equipment (for example,

glassware); and lack of toxicity (for example, plas-
tic, absence of detergents, and rubber components).

Appropriate procedures are necessary for the
purchase, installation, commissioning, correct use,
performance monitoring (for example, calibration)
and maintenance of the following:

— low temperature storage refrigerators;
— incubators;
— laminar air flow and safety cabinets (see

Appendix 2), and other sterile work areas;
— automatic pipettes and pipettors; 
— sterilisation ovens and autoclaves; and
— analytical and production equipment.

European Norms and ISO standards can be adopted
for these areas, and in some cases, compliance may
be a legal requirement (for example, for pressurised
gases, such as carbon dioxide/air for cell cultures,
where there will be ISO standards for the gases, and
safety standards for the cylinders and pressure reg-
ulators).

Principle 3: Documentation of the
information necessary to track the
materials and methods used, to
permit the repetition of the work,
and to enable the target audience to
understand and evaluate the work

In cell and tissue culture, as in any practical sci-
ence, clear documentation of the systems used and
procedures followed is mandatory, in order to per-
mit the traceability, interpretation and repetition of
the work. Therefore, accurate records of cell type,

Table 1: Assessment of the quality of reagents used in cell and tissue culture

Quality assessor

Reagent Parameter Supplier End user

Serum Sterility and endotoxin testing +
Physical and biochemical analysis +
Functional testing + (general) + (specific)

Basal medium, complete medium Sterility testing +
(e.g. serum-free medium), additives Physical and biochemical analysis +
(e.g. non-essential amino acids) Functional testing + (general) + (specific)

Detachment solution (e.g. trypsin/EDTA) Sterility testing +
Physical and biochemical analysis +
Functional testing + +

Surface coating for cell attachment Sterility +
Physical and biochemical analysis +
Functional test + +
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origin, authentication and characterisation, and of
the materials used and the culture techniques per-
formed, are essential.

The documentation should be retrievable, and
should include:

— the objective of the work;
— the rationale for the choice of procedures and

materials used;
— the materials and equipment used;
— the origin and characterisation of the cells

and/or tissues;
— the laboratory records, including results, raw

data and quality control records; 
— cell and tissue preservation and storage proce-

dures; and
— the protocols and SOPs used, and any deviations

from them.

In some circumstances, for example, where compli-
ance with GLP or Good Manufacturing Practice
(GMP) is required, there should be formal proce-
dures for the retrieval and review of documenta-
tion, and for resolving any questions or disputes
that may arise.

3.1  Origins of Cells and Tissues 

A minimal set of information is essential when
working with cells or tissues of animal or human
origin (Table 2).

3.2 Handling, Maintenance and Storage

It is essential that records should be kept on the fol-
lowing:

— culture media (including all supplements and
additives) and other solutions and reagents
(including details of supplier, batch, storage
requirements, expiry date), and methods of
preparation (these may be generically specified
in SOPs for research and development work, but
for specific standards, the traceability of each
procedure to ensure the use of appropriate
reagents may be required);

— culture substrate (type and supplier of coating
material, for example, collagen, fibronectin,
laminin, poly-D-lysine, Matrigel®, basal mem-
brane), and recording of the coating procedures,
where applicable; and

— procedures for preparation or use of cells or tis-
sues.

The records on handling, maintenance and storage
related to culture-ware and equipment should
include:

— type and origin of culture-ware (types and sup-
pliers of flasks, Petri dishes, T-flasks, roller bot-
tles, etc.);

— laminar air flow and safety cabinet testing, cali-
bration, maintenance and repair;

— monitoring of humidity (if appropriate), temper-
ature and CO2 levels in incubators;

— monitoring of refrigerator and freezer tempera-
tures;

— monitoring of liquid nitrogen level and/or tem-
perature in storage containers;

— sterility controls (for example, autoclaving,
sterility tests); and

— regular maintenance and calibration of all other
critical apparatus (according to manufacturers’
manuals).

The level of monitoring and testing may vary, from
installation of alarms for research and development
work, to continuous monitoring of calibrated moni-
toring systems for critical work.

With regard to the in vitro system, critical infor-
mation must be recorded, to permit tracing of the
history of the biological material, its characteris-
tics, and the treatments, manipulations, measure-
ments and procedures applied to it, including
statistical procedures used to analyse the results
obtained.

Cell and tissue preservation and storage details
should include (but not be limited to) the following
(Table 3):

— type of cell or tissue, passage/identity number;
— cryoprotectant used, and its concentration;
— number of cells and volume per cryovial;
— position in storage container;
— viability and plating efficiency after thawing;

and
— date and operator.

Any changes in storage location should be formally
recorded and, when appropriate, relevant notifica-
tion should be given (for example, to the owner,
safety officer or quality control personnel). 

The disposal procedures for culture laboratory
waste (used solutions, toxic treatments, biological
materials, etc.) must be documented, and compli-
ance with them should be ensured. 

3.3 Reporting

Effective communication is an essential part of cell
and tissue culture work, so careful attention should
be given to the reporting procedures used.

The format of a report will depend on the target
audience, for example, in-house personnel, a client
or sponsor, a regulatory body, the scientific com-
munity, or the general public. The person(s)
responsible for the report should be identified.
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Where appropriate, the report should be formally
authorised for its intended purpose. 

A high-quality scientific report should cover the
objective of the work, the protocols and SOPs
used, planning and experimental design, the exe-
cution of the study, data collection and analysis

and a discussion of the outcome. It should also be
made clear that the whole study was established
and performed in accordance with any relevant
standards, regulations, statutes, guidelines or
guidance documents, and safety and quality
assurance procedures.

Table 2: Examples of requirements for documentation concerning the origins of cells and
tissues

Isolated organs and Primary cultures 
tissues of animal of animal All materials of 
origin (e.g. rat origin (e.g. rat human origin Cell lines
brain tissue) hepatocytes) (e.g. cord blood) (e.g. Balb/c, 3T3)

Ethical and safety + + + Applicable, if human or 
issues involving recombinant

DNA or pathogens 

Species/strain + + + +

Source + + + +

Sex + + + +

Age + + + +

Number of donors + + If applicable na

Health status + + + +

Any special + + + +
pre-treatment

Organ/tissue of origin + + + +

Cell type(s) isolated + + + +

Isolation technique + + + +

Date of isolation + + + +

Operator + + + +

Supplier + + + +

Informed consent na na + If human, may be 
applicable

Material transfer na na + +
agreement

Medical history na na + (if available) If human, may be 
of donor applicable (if available)

Pathogen testing If applicablea If applicablea +a +a

Shipping conditions + + + +

State of material + + + +
on arrival

Cell line identification na na na +
and authentication

Mycoplasma testing na nab nab +

aScreening tests for animal colonies or donors of cells and tissue may be appropriate.
bMay be important if material is preserved for longer term use (e.g. as feeder layers for other cultures).

na = not applicable.
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When submitting a report on cell and tissue
culture work, a minimum set of information
should be included, which covers the origins of
the cells, the characterisation, maintenance and
handling of the cells, and the procedures used
(see Tables 4 and 5). A statement of compliance
with the GCCP principles should also be
included.

Principle 4: Establishment and
maintenance of adequate measures
to protect individuals and the
environment from any potential
hazards

National and local laws, based on moral and ethical
principles, govern safety in the workplace in most

Table 3: Examples of requirements for documentation concerning the handling,
maintenance and storage of cells and tissues

Isolated organs and Primary cultures 
tissues of animal of animal All materials of 
origin (e.g. rat origin (e.g. rat human origin Cell lines
brain tissue) hepatocytes) (e.g. cord blood) (e.g. Balb/c, 3T3)

Ethical and safety na na + may be applicable, if 
issues human or involving 

recombinant DNA or 
pathogens 

Morphology + + + +

Histopathology + na If applicable na

Quarantinea na + + +

Purity of isolation + + + +

Phenotype na + If applicable +

State of differentiation na + + +

Type of cultureb + + + +

Culture mediumc + + + +

Feeding cycles + + + +

Growth and survival + + + +
characteristicsd

Initial passage na na + +
number

Confluency at na na + +
subculture

Subculturing detailse na na + +

Induction of na + + +
differentiation

Identification and +f +f + +
authentication

Ageingg + + + +

Mycoplasma testing If applicableh If applicableh If applicableh +

aisolation from other cultures; btype of culture (e.g. monolayer, organotypic, suspension culture); ctype of culture
medium, additives and supplements and volumes used; dgrowth and survival characteristics (e.g. cell survival, time of
cell maturation, expression of cell-specific markers, ageing, initial density at plating, doubling time); esubculturing
details (e.g. date of sub-culture, subculture intervals, split ratios; seeding densities, perfusion rate); fcells and tissues
should be traceable to a particular animal or set of animals; greplication limits, passage number/population doublings
for the cells and/or maximum passage number; hwhere there may be a potential risk to other work or where risk
assessment of original tissue shows high risk of infection.

na = not applicable.
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countries. Many countries also issue guidelines on
occupational health and laboratory safety, and indi-
vidual laboratories may also have rules which reflect
local circumstances. Thus, the guidance on safety in
the cell culture laboratory given here in no respect
replaces these laws and regulations, but rather draws
attention to certain aspects of them and highlights
issues specific to the in vitro culture of animal and
human cells and tissues. In many countries, each lab-
oratory is required to appoint a biological safety offi-
cer, and this individual should be involved in the
safety evaluation of any cell culture procedures.

4.1 Risk Assessment

Identifying and evaluating risks, and taking appro-
priate action to avoid or minimise them, are the
foundations on which safety is built. In the work
environment, and particularly in the laboratory,
where hazards may be complex and their evaluation
requires specialist knowledge, risk assessment
should be performed in a structured way.
Furthermore, the results of such risk assessments
should be recorded, not only to confirm that they
have been carried out and appropriate action taken,

Table 4: Details to be included in papers for publication in journals, using the example of
mouse 3T3 cells

Details Supplier details

Type of culture Continuous cell line na
Cell/tissue type Fibroblast-like   na
Species Mouse na
Origin Balb/c3 embryo na
Description 3T3 na

Catalogue/product number ATCC 407/351C ATCC, Mannassas, VA, USA
Clone A31 86110401

Basic culture medium Ham’s F12 Gibco, Paisley, UK
Serum 10% newborn calf serum (NBCS) Gibco
Antibiotics 100U/ml penicillin, 100µg/ml streptomycin Gibco

0.25µg/ml Fungizone
Other additives 4mM glutamine ICN-flow, Irvine, UK

Complete medium No further comment na
Frequency of medium change At subculture, when used na
Culture flasks for stock cells 24cm2 angle-necked tissue culture flasks Nunclon, Roskilde, Denmark,

(163371) or 80cm2 filter closed flasks (167008) or Scientific Laboratory
Supplies, Nottingham, UK

Culture plates for test 96-well tissue culture plates (167008) Nunclon
Culture well inserts Not used na 

Surface coating Not used na
Subculture frequency At confluency na
Subculture split ratio 1:6 na
Detachment solution 0.25% trypsin/EDTA Cambrex Bio Science, 

Wokingham, Berks., UK
Usable passage range 25–45 na

Passage number at receipt 30 na
Passage number at use 35–40 na
Maintenance conditions 37°C, 5% CO2 in air na
Storage conditions Stock cells in liquid nitrogen in 40% NBCS/ na

20% DMSO
Use 3T3-NRU phototoxicity test na

Relevant Standard Operating OECD TG 427, EU B.29 na
Procedures/guidelines
References 12, 13 na
Further comments None na

na = not applicable.
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but also to act as a reference document for individ-
uals performing the tasks assessed. These assess-
ments should be reviewed at regular intervals, to
take into account any changes in local practice,
national or international regulations, or increases
in scientific knowledge.

It is important to pay particular attention to risks
which may be specific to, or more significant in, cer-
tain groups of workers. For example, where women
of reproductive age may carry a (possibly undiag-
nosed) pregnancy and would be at greater risk from
the effects of certain chemicals, such as teratogens
or biological agents. Similarly, persons with a
diminished immune response (for example, due to

medication or to a medical condition) should seek
expert medical advice before they are allowed to
work in a laboratory where cell and tissue culture is
performed.

The safety conditions highlighted below relate
not only to the safety of individual cell and tissue
culture workers, but also to that of their colleagues,
the general public and the environment.

Some of the areas of concern with regard to gen-
eral laboratory safety, and to which it might be
appropriate to apply risk assessment, are shown in
Table 6. Hazards of particular concern in the cell or
tissue culture laboratory are further discussed in
Sections 4.2 and 4.3, below.

Table 5: Details to be included in papers for publication in journals, using an example of
primary/early passage human cell culture

Details Supplier details

Type of culture Primary cell culture na
Cell/tissue type Keratinocyte na
Species Human na
Origin Foreskin QMC Hospital Trust, Nottingham, UK
Ethical permission Required Ethics Committee, QMC Hospital Trust

Supply to other users Not permitted
Transport solution Phosphate-buffered saline Gibco, Paisley, Scotland
Basic culture medium Epi-Life® Medium Cascade Biologics, Mansfield, Notts., UK
Serum None na
Antibiotics 100U/ml penicillin, 100µg/ml streptomycin Gibco

Other additives HKGS Kit (5-001 5) Cascade Biologics
Calcium chloride In-house

Complete medium No further comment na
Frequency of medium change Every 2 days and at subculture na
Culture flasks for 24cm2 tissue culture flasks (163371) Nunclon, Roskilde, Denmark, or Scientific
establishing cultures Laboratory Supplies, Nottingham, UK
Inserts Not used na

Surface coating Not used na
Subculture When 50–80% confluent (not when na

100% confluent)
Subculture split ratio 1:5 or 1:10 na
Detachment solution 0.25% trypsin/EDTA (R-001-100) with Cambrex Bio Science, Wokingham,

trypsin-neutralising solution (R002-100) Berkshire, UK
Usable passage range 1–4 na

Maintenance conditions 37°C, 5% CO2 in air na
Storage conditions Stock cells in liquid nitrogen, in 90% fetal na

calf serum/10% DMSO
Passage number at use 3 na
Culture plates for use 96-well plates (167008) Nunclon
Use 3T3-NRU phototoxicity test na

Relevant Standard Operating OECD TG 427, EU B.29 na
Procedures/guidelines
References 14, 15 na
Further comments None na

na = not applicable.
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Once a risk assessment has been carried out, all
relevant personnel must be made aware of the
potential hazards associated with their work, and
must be trained in the necessary precautions (typi-
cal precautions are shown in Table 7) and desig-
nated safety procedures, as well as in the
appropriate use of the safety equipment required
(including personal protective equipment) and the
appropriate handling of spills.

4.2 Hazards Related to Cell and Tissue
Culture Work

Hazards can be categorised into three main groups:
physical hazards, chemical hazards, and biological
hazards. A risk assessment plan should consider all
these hazards in relation to the proposed work. As
already mentioned, this assessment should not be
limited only to the laboratory and laboratory per-
sonnel, but should also cover risks to people in the
entire facility, people in the external environment,
and to the environment itself. This is not only a
vital aspect of basic research and testing, but is par-
ticularly important when cultured cells and tissues
are used for diagnostic purposes or for producing
therapeutic products, or when the cells and tissues
themselves are used for therapeutic purposes.

Physical hazards

The cell and tissue culture laboratory does not pose
any specific physical hazards. However, laborato-
ries and workspaces should always be kept clean
and tidy, and free of material stored on the floor or
anywhere where it can cause risk to other people.
Any equipment or apparatus used should meet
national safety guidelines. Equipment such as auto-
claves and laminar flow or microbiological safety
cabinets should have a programme of maintenance
for safe use, usually carried out at a minimum fre-
quency of once a year. The correct operation of
equipment should also be regularly checked.
Procedures should be in place for ensuring the
safest possible use of equipment connected with
ultra-violet light, lasers, radioisotopes, liquid nitro-
gen (see Appendix 1) and pressurised gases.

Chemical hazards

The cell and tissue culture laboratory is not a par-
ticularly dangerous place to work with regard to
chemical hazards. However, some chemicals have
ill-defined or unknown biological effects, so general
safety standards should always be maintained to
protect workers against these uncertain hazards.
Material Safety Data Sheets for all chemicals used
in the laboratory should be requested from the sup-

pliers. For any substances which are potentially
hazardous to health (for example, mutagens, cry-
oprotectants, labelling dyes), these data should
form the basis of a risk assessment for the use of
this chemical, as the level of risk will vary, depend-
ing on, for example, the quantities being used and
the techniques being employed. This is covered by
national legislation in some countries. Approved
waste disposal procedures should always be fol-
lowed. 

Materials being tested in in vitro toxicity tests
represent a particular problem, particularly if the
study requires that they be anonymously coded and
supplied via an independent, external source.
Although the concentrations used in the final test
solutions may be very low, the storage of the bulk
material and its handling can represent a signifi-
cant potential risk. It should always be possible to
break the code in the event of an accident.
Particular care should be taken with certain kinds
of materials, such as when women of reproductive
age may be exposed to teratogenic test materials
during an in vitro reproductive toxicity study.

Biological hazards

Many different issues related to potential biological
hazards must be considered and, in certain cases,
monitored and recorded in the cell and tissue cul-
ture laboratory. 

Risk assessments should address issues that
could arise from the species of origin (i.e. human
and primate cells of highest risk, see reference 7),
the health status of the donor, the available data
from microbiological screening tests, and the cul-
ture and storage history (8). Although not usually
dangerous to the user, cells and tissues have the
potential to permit the replication of viruses poten-
tially pathogenic to humans, and should therefore
be routinely treated as if they are a potential health
risk (Table 7).

All cells and tissues new to the laboratory should
be handled under a strict quarantine procedure,
including suitable precautions to prevent the
spread of potential contamination, according to the
general guidance given in Table 7, with additional
controls, as necessary (such as the use of separate
dedicated media and equipment, and work by dedi-
cated staff). Horizontal laminar flow cabinets
should not be used when handling cells, as such cab-
inets are designed to protect only the work area and
the air flow is directed toward the user. 

Where the nature of the work means that there is
a significant risk of biological hazard, special pre-
cautions must be taken in accordance with national
requirements, most of which, where infectious
organisms are concerned, are based on the World
Health Organisation classification for human
pathogens (Appendix 3).
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If the cells or tissues originate from a certified
source, such as a recognised cell bank, which pro-
vides certification of freedom from certain contami-
nants, this documentation may suffice for risk
assessment, provided that the cells have not been
exposed to potential sources of contamination since
leaving the bank. However, it is recommended that,
as a minimum and where advisable, mycoplasma
testing should be carried out on all samples
received. 

Due to the risk that the operators’ immune sys-
tems may not protect them against, for example,
the tumorigenic growth of their own cells which
may have been altered via the in vitro procedures
(for example, by transformation, immortalisation,
infection, or genetic modification), most national
guidelines make it unacceptable for operators to
culture cells or tissues derived from themselves or
from other workers in the same laboratory, nor to
genetically manipulate such cells or tissues, or treat
them with potentially pathogenic organisms. 

Many countries have national safety committees,
which establish guidelines for work with genetically
modified organisms (GMOs) and help and require
scientists to classify and perform their work at the
appropriate biosafety level. Recombinant cells, (i.e.
those produced by genetic engineering or genetic
modification [terms used to cover most techniques
which artificially alter the genetic make-up of an
organism by mixing the nucleic acids of different
genes and/or species together]) will generally fall
within the requirements of such guidelines. The

classification and control of this kind of work differs
between countries, and countries may decide to
classify work at a higher or lower level when new
information on a particular vector/host system
becomes available. 

Risk assessment is clearly a dynamic process, and
has to take into account new developments and the
progress of science. It is the responsibility of the sci-
entists involved to keep up to date with develop-
ments in this expanding field of activity, and at all
times to respect national and international guide-
lines and requirements.

4.3 Risk to the Environment

Risks to the environment are generally due to poor
waste disposal, leading to contamination of water,
air or soil, or the escape from containment of haz-
ardous materials. The environment can also be con-
taminated by release of biological material due to
accidents, including transport accidents, and sys-
tems should be put in place either to prevent or
minimise the potential for such damage. Support
from the local biological safety officer should be
sought, if available.

Waste disposal

Methods of waste disposal appropriate to the work
in hand must be identified during the risk assess-

Table 6: Some areas of concern in general laboratory safety to which risk assessment should
be applied

Facilities (such as laboratories, offices, storage and sanitation): for example, are they appropriate and adequate for the
intended use, well maintained, and properly heated, ventilated and lit?

Security: depending on the work, are special security precautions required, (for example, for restricted access to
site/laboratories, and for removal of hazardous material from the site)?

Health and safety of staff: is the health and safety monitoring of staff regularly carried out and documented?

Laboratory equipment: is the equipment used certified as sufficiently safe for its specific and intended purpose?

Infectious/biohazardous materials: are hazard classification, receipt, processing, containment, storage and disposal
conducted correctly, with use of the appropriate protective equipment, clothing and other precautions?

Chemicals and radioactive substances: are the receipt, handling, storage and disposal of hazardous materials (for
example, radioisotopes, toxic compounds, flammable liquids) conducted according to the correct procedures?

Hazard prevention: are appropriate hazard prevention plans established, are staff regularly trained in these
procedures (for example, fire evacuations), and are they applied correctly? 

Waste disposal: is a waste management procedure established that ensures prompt and safe removal from the clean
cell culture areas, followed by disposal according to approved procedures?
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ment process. These methods must protect not only
the individual tissue culture workers themselves,
but also their colleagues, the wider population, and
the environment. Work with known pathogens and
GMOs must be performed according to the relevant
regulations (see above), including methods of waste
disposal. Where methods are not specified in these
regulations, there is a requirement to assess and
justify all proposed methods of waste disposal as
part of the risk assessment. Similarly, the appropri-
ate method of disposal of hazardous chemicals must
be identified before work with them is undertaken.
In line with the above precautionary principle, the
following minimum precautions should be taken
when disposing of waste from the cell culture labo-
ratory:

— all liquid waste, with the exception of sterile
media or solutions, should be either chemically
inactivated (by using sodium hypochlorite or
another disinfectant) or autoclaved before dis-
posal; and

— all solid waste contaminated with tissue culture
liquid and/or cells should either be autoclaved

before leaving the laboratory, or should be
placed in rigid, leak-proof containers before
being transported elsewhere for autoclaving or
incineration.

Transport

The transportation of any biological materials,
chemicals (including liquid nitrogen) or other mate-
rials (for example, dry ice) of potential risk to
humans, animals, plants and/or the environment,
must comply with national or international regula-
tions (see, for example, http://www.iata.org/
whatwedo/dangerous_goods). They should be
packed so as to prevent spills in the case of break-
age, be correctly labelled (with appropriate hazard
symbols), and have the appropriate accompanying
documentation (materials safety data sheet, import
form, export form, and CITES permit, if applica-
ble). A typical materials safety data sheet for a cell
line is shown in Table 8. Where appropriate, the
International Air Transport Association (IATA)
guidelines should be followed, as they are stringent
and are recognised internationally (for regular

Table 7: Typical precautions to be used to ensure operator safety when handling cells and
tissues

Hands should be washed or disinfected before and after handling cells. 
An appropriate gown or laboratory coat should be worn, to be put on when entering the laboratory and removed when
leaving it.

Personal accessories (for example, rings, watches), which might compromise cell and tissue culture activities, should
be removed or covered up to prevent contamination.
If appropriate, gloves should be worn, and replaced immediately if torn or punctured or during extended work
sessions.

When handling cell and tissue cultures, workers must avoid transferring contamination on the hands from the culture
work to unprotected body parts (for example, eyes or mouth), clothing or items in the open laboratory environment.

As far as is reasonably practicable, all cell and tissue work should be performed in a Class II cabinet or other
appropriate (micro)biological safety cabinet (see Appendix 2). NB: certain cabinets, such as horizontal flow cabinets,
protect the cells and tissues, but not the user or the general environment.

Mouth-pipetting must be strictly prohibited. 

All procedures should be undertaken by using methods that minimise the production of aerosols that might spread
contamination by micro-organisms or cells. 

All disinfectants used should be effective and appropriate for the work.

All work surfaces should be cleaned with an appropriate disinfectant, before and after use. 

The use of sharps should be avoided as far as is possible. Any used sharps should be disposed of safely according to
approved procedures.

All cultures should be clearly and unambiguously labelled.
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Table 8: Typical material safety data sheets for animal cell cultures (Containment Level 1 or
2), but without references to specific national and local legislationa

Cultures are not specifically defined as hazardous, but as live cells, they are potential biohazards, and should be
treated as if biohazardous. 

Emergency Telephone Number:
To be used only in the event of an emergency involving a spill, leak, fire, exposure or accident.

Description:
Either frozen or growing cells shipped in liquid cell culture medium (a mixture of components that may include, but is
not limited to: inorganic salts, vitamins, amino acids, carbohydrates and other nutrients dissolved in water).

SECTION I
Hazardous Ingredients:
Frozen cultures may contain 5–10% dimethyl sulphoxide (DMSO).

SECTION II
Physical data:
Pink or red aqueous liquid.

SECTION III
Health hazards:

For Biosafety Level 1 Cell Linesb

This cell line is not known to harbour an agent known to cause disease in healthy adult humans. This cell line has
NOT been screened for Hepatitis B, human immunodeficiency viruses or other adventitious agents. Handle as a
potentially biohazardous material under at least Biosafety Level 1 containment.

For Biosafety Level 2 Cell Linesb

This cell line is known to contain an agent that requires handling at Biosafety Level 2 containment. Such agents have
been associated with human disease. This cell line has NOT been screened for Hepatitis B, human immunodeficiency
viruses or other adventitious agents. Cell lines derived from primate lymphoid tissue may fall under the regulations
relating to blood-borne pathogens.

SECTION IV
Fire and explosion: 
Not applicable.

SECTION V
Reactivity data:
Stable. Hazardous polymerisation will not occur.

SECTION VI
Method of disposal:
Spill: Contain the spill and decontaminate by using suitable disinfectants, such as chlorine bleach or 70% ethyl alcohol
or isopropyl alcohol.
Waste disposal: Dispose of cultures and exposed materials by autoclaving at 121°C for 20 minutes.
Follow all national and local regulations.

SECTION VII
Special protection information:

For Biosafety Level 1 Cell Linesb

Handle as a potentially biohazardous material under at least Biosafety Level 1 containment. Cell lines derived from
primate lymphoid tissue may fall under regulations relating to blood-borne pathogens.

For Biosafety Level 2 Cell Linesb

Handle as a potentially biohazardous material under at least Biosafety Level 2 containment. Cell lines derived from
primate lymphoid tissue may fall under regulations relating to blood-borne pathogens.

SECTION VIII 
Special precautions or comments:
Recommended that appropriate safety procedures be used when handling all cell lines, especially those derived from
human or other primate material. For detailed discussions of laboratory safety procedures see references 15–18.

aThis generalised example of a material safety data sheet is based on one that can be found at
http://www.atcc.org/pdf/msds_animal.pdf; bBiosafety Levels 1 and 2 are broadly equivalent to European Containment
Levels 1 and 2.
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updates, see www.wfcc.info). Before arranging
transport, the various legal requirements for export
and import into the recipient country should be
considered, including ethical issues (such as the use
of human cells or tissues of embryonic origin), dis-
ease transmission, endangered species regulations
(www.cites.org/), and bioterrorism regulations (see
http://www.bt.cdc.gov/). 

A cell culture may fall into any one of the classes
of biological material used for shipping purposes,
namely:

— diagnostic specimens;
— infectious specimens;
— biological products; or
— GMOs.

Principle 5: Compliance with relevant
laws and regulations, and with
ethical principles

From an ethical and legal point of view, it is desir-
able that high standards for cell and tissue culture
should be established and maintained worldwide, so
that accountability, safety and ethical acceptability
can be universally guaranteed, as far as is reason-
ably practicable. The ethical and associated legal
issues raised are extremely complex and beyond the
scope of these GCCP guidelines. However, all con-
cerned should maintain a sufficient level of aware-
ness of the ethical issues related to cell and tissue
culture work, and of public opinion and the relevant
legislation at the national and international levels. 

At present there are no ethical guidelines relating
specifically to general cell culture practices, but var-
ious guidelines, regulations and laws are in place
for dealing with cells and tissues of specific origin
and/or use.

Before any studies are initiated, matters of ethi-
cal significance must be carefully considered. These
can be subdivided, from a GCCP point of view, into
general ethical considerations and more-specific
considerations. 

From a general perspective, diligence in legal and
ethical matters leads to data of higher value, since
it can help to avoid waste of effort and can increase
confidence in the outcome of the study, to the ben-
efit of all concerned, including the general public. 

The more-specific considerations include the eth-
ical implications of using material of animal and
human origin, and GMOs. 

5.1 Laws and Regulations

At present, there are no international laws specifically
governing cell and tissue culture practices. However,
any work involving animal or human pathogens has
to be performed in compliance with national and

international requirements. Some countries have, or
are preparing, legislation or regulations to control spe-
cific areas, such as the use of material of human ori-
gin. New controls are also being drafted in response to
the challenges and opportunities presented by trans-
plantation, regenerative medicine, stem cell research
and GMOs. Ownership of cell lines and patents must
also be dealt with appropriately, and special condi-
tions may apply where cell cultures are involved (see
reference 9). In addition, there are international
agreements relating to the provision of organisms and
cell cultures that may be used for bioterrorism. 

5.2 The Use of Animal Material

In general, any work involving animal material
should be in compliance with local and national leg-
islation on animal experimentation and the Three
Rs (reduction, refinement and replacement) princi-
ples of Russell & Burch (10). In addition, other eth-
ical issues may arise in certain circumstances.
Examples include the use of cells derived from
endangered species (http://www.cites.org/), the pro-
duction of monoclonal antibodies by the ascites
method (see References: Monoclonal antibodies and
ethics), and the pretreatment of animals with
chemical inducers to provide cells for culture with
specific biochemical properties (for example, hepa-
tocytes with elevated CYP450 enzyme levels).

In order to minimise pain and distress, donor ani-
mals should be handled according to the appropriate
and approved procedures. As fetuses of many mam-
malian species can already feel pain long before birth
(11), they should also be treated with the utmost care,
again according to appropriate procedures.

Serum, and especially fetal bovine serum, is a com-
monly-used component of animal cell culture media.
It is harvested from bovine fetuses taken from preg-
nant cows during slaughter. Here again, the current
practice of fetal blood harvesting poses ethical prob-
lems (blood is usually taken via cardiac puncture,
without any form of anaesthetic; 11, 12). Efforts are
being made to reduce the use of animal serum and,
where possible, to replace it with synthetic alterna-
tives. A wide range of other cell culture materials
derived from animals (such as tissue extracts, extra-
cellular matrix materials) also raise ethical concerns. 

Legal issues can also arise if animal-derived cells
and tissues are found to be infected with viruses
which could infect wildlife or species of agricultural
importance. For this reason, the discovery of such
viruses in cells and tissues may need to be notified to
the relevant authorities and appropriate action taken.

5.3 The Use of Human Material

The use of human biological material is critical for
medical research. It is particularly important that
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researchers are aware of the need to handle such
material in a responsible manner and in accordance
with local and national requirements.

Those involved with the procurement, supply and
use of human biological material should maintain
proper records, to ensure appropriate traceability
and control of the applications of the material in
ways which are consistent with the nature of the
consent given by, or on behalf of, the donor. All use
of human tissue should be approved by the appro-
priate ethics committee, and copies of such
approvals should be kept for reference. Where sam-
ples are provided to third parties, the custodian is
responsible for the safe keeping of the code which
enables samples to be linked to individual donors,
where appropriate and when necessary. 

Human material is usually procured either from
specialised cell and tissue banks or from hospitals
(13). Currently, most of the banks are run on a not-
for-profit basis. Nevertheless, some of them have
been set up by private industries, particularly for
the production of engineered tissues. This raises
serious ethical concerns (including the transfer of
human material for profit), and has not yet been
dealt with adequately at the national level in most
countries or internationally. In Europe, this area
will be regulated under the EU Human Tissues
Directive (14).

Confidentiality with respect to the provision and
use of human tissue is governed both by law and by
professional guidelines. A legal requirement in
most countries is that, when dealing with human
material, informed consent must be sought either
from the donor or from the donor’s family.

Human tissue banks should be recognised as the
most legally and ethically acceptable approach to
the procurement and distribution of donated non-
transplantable human tissue for research, as they
are best equipped to deal with, and advise on, the
complex issues involved, including ethics, consent,
safety and logistics, as well as scientific questions. 

The removal of blood samples from human vol-
unteers should only be performed by qualified per-
sonnel, and particular precautions should be
followed to minimise any risks. Such volunteers
should also be considered to be donors, and docu-
mented informed consent will be required. 

The use of human embryonic stem cells involves
serious ethical questions, because of their origins
and their potential uses. This is a relatively new
research area, and, while some countries already
have strict controls, other countries are currently
considering what laws and regulations should be
introduced in the public interest.

The procurement of stem cells from early
embryos and fetuses is a particularly sensitive
issue, because of the circumstances in which such
embryos and fetuses become available. Stem cells
can also be obtained from adult tissues and from
umbilical cord blood, where the ethical considera-

tions to be taken into account are similar to those
involved in obtaining other human tissues, but it is
the use of the stem cells which requires effective
regulation.

Before any human material is used for the estab-
lishment of a new cell line, ethical approval should
be obtained from the relevant authority. 

5.4 Genetically Modified Cells

The creation, storage, transport, use and disposal of
genetically engineered cells are currently subject to
the requirements that apply to GMOs. This is a rap-
idly expanding field, and its long-term conse-
quences are as yet unknown. It involves
manipulating genes and cells in ways that do not
occur in nature, and for this reason, it raises sensi-
tive ethical issues. The above activities are regu-
lated in many countries, where, before any work is
initiated, relevant approval must be sought.

Principle 6: Provision of relevant and
adequate education and training for
all personnel, to promote high
quality work and safety

The range of applications for cell culture is expand-
ing rapidly and involves an ever-broadening range
of technical manipulations (such as chemically
induced and genetic modifications) for use in basic
and applied science, manufacturing, diagnosis, and
efficacy and safety testing procedures, as well as for
providing therapeutic materials.

The competence of staff to perform their duties
in a laboratory is central to ensuring that work is
performed according to the standards of the organ-
isation in relation to its scientific, legal and safety
requirements and obligations. This requires educ-
ation and training, as well as the regular monitor-
ing of performance (Table 9).

A good basic education should be given in the
nature and purposes of cell and tissue culture which
is an essential basis for any future training pro-
gramme. The basic principles of in vitro work, asep-
tic technique, cell and tissue handling, quality
assurance, and ethics should be included. It is also
important that those working with material of ani-
mal or human origin should have a sufficient under-
standing of any additional laws or regulations that
will apply.

Training should be seen as an ongoing process
for improving and developing practical skills, and
maintaining competence. Given its critical impor-
tance to the success of any laboratory work, there
should be a formally documented training pro-
gramme for all members of staff, including train-
ing records and regular reviews of training needs.
To ensure the quality of work in the long term, it
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is also important to link training with personal
development programmes for technical and scien-
tific staff, in order to ensure they are progres-
sively trained and educated in line with changing
laboratory activities and demands. 

When new staff join a laboratory, their skills
and experience should be assessed, and the need
for further training procedures in relation to
their new jobs should be identified. These needs
may include a variety of general and specific pro-

cedures, covering SOPs, general laboratory main-
tenance, and safety and emergency procedures.

Training can be provided in-house by experi-
enced members of staff and/or visiting experts,
via accredited on-line programmes and/or
through attendance at external courses. For cer-
tain applications including product manufacture
and testing, and processing of cells and tissues for
clinical use, training must be formally recorded
and reviewed. 

Table 9: Culture techniques, procedures and regulations that should be included in a cell
culture laboratory training programme

Basic laboratory procedures
Understanding of the nature and purpose of SOPs
Microscopy
Centrifugation
Autoclave operation
Use and maintenance of laminar air flow or microbiological safety cabinets, incubators, cryostorage facilities
Maintenance of essential equipment
Laboratory design and safety
Risk assessment and risk management of in vitro work
Quality control
Waste disposal
Disinfection, fumigation and cleaning regimes

Basic culture procedures
Sterile technique and aseptic manipulation, including disinfection and sterilisation
The preparation, storage and monitoring of culture media
Cell and tissue culture isolation techniques
Cell viability testing and cell counting
Subculturing
Sterility or bioburden tests
Mycoplasma testing
Cryopreservation, storage and recovery of cells and tissues

Advanced and special culture procedures
Cell characterisation and authentication
Cell isolation and purification methods
Cell and tissue banking
Induction of differentiation
Complex culture techniques (for example, co-culture, culture on filter inserts, perfusion cultures)
Transfection and selection of stable cell lines
Use of bioreactors

Documentation and record keeping
General information and policies of the organisation responsible for the laboratory (operational issues, safety, quality
standards)
Laboratory data, equipment records, storage records
Occupational health and training records
Safety records
Quality assurance records, manuals and information

Laws and regulations
All laboratory staff should be made familiar with the institutional, national and international procedures, guidelines,
regulations and laws relevant to their work, such as the following:
— rules and policies of the organisation/institute
— allocation of responsibilities
— the containment of microorganisms;
— regulations on the use of animals and of animal cells and tissues; and
— regulations on the use of human cells and tissues.
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Web-links 

Cell banks, cell line authentication and identification 

DSMZ – German Collection of Microorganisms and Cell
Cultures: 

http://www.dsmz.de 

European Collection of Cell Cultures (ECACC): http://
www.ecacc.org.uk 

American Type Culture Collection (ATCC): http://www.
atcc.org 

CABRI – Common Access to Biotechnological Resources
and Information: http://www.cabri.org 

Italian Cell Line Collection: http://www.iclc.it

UK Stem Cell Bank: http://www.ukstemcellbank.org.uk 

Alternatives to fetal bovine serum 

http://www.focusonalternatives.org.uk 

http://www.zet.or.at 

Safety aspects 

http://www.dh.gov.uk/PolicyAndGuidance/HealthAndSoc
ialCareTopics/fs/en (UK Department of Health policy and
guidance on prions, Creutzfeld-Jakob Disease [CJD]
Hepatitis A, B and C, and HIV) 

http://www.osha-slc.gov/SLTC/laboratories/ (US guide-
lines on occupational health and laboratory safety)

http://biosafety.ihe.be (Belgian Biosafety Server)

http://www.cdc.gov/od/ohs/safety/labsafetyhm.htm
(Centre for Disease Control and Prevention [CDC] labo-
ratory safety primer)

http://www.phppo.cdc.gov.nltn/pdf/lrawwh.pdf (CDC risk
assessment resource)

http://www.hse.gov.uk/pubns/indg163.pdf (UK Health &
Safety Executive resource for general risk assessment)

http://www.who.org (World Health Organisation)

http://www.osha-slc.gov/SLTC/laboratories/ (US
Occupational Safety and Health Administration resource
for laboratory safety)

http://www.bocgases.ie/saftey/othersaftey/pdf/cryogen-
ics.pdf (guidance on the safe use of liquid nitrogen and
other liquid gases)

http://www.iata.org/whatwedo/dangerous_goods
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Work with liquid nitrogen probably poses the great-
est single threat to the safety of cell culture work-
ers (as gauged by the number of individuals using it
and the potential severity of any accident), and for
this reason is dealt with in greater detail here. 

Details of general hazards, precautions, and first
aid can be obtained from the suppliers of liquid
nitrogen and of liquid nitrogen vessels (see, for
example, http://www.bocgases.ie/saftey/othersaftey/
pdf/cryogenics.pdf). Such relevant information
must be obtained, and its contents must be taken
into account in the relevant risk assessments. A
printed version should be placed in a readily acces-
sible location where it can be rapidly referred to,
before any work using liquid nitrogen is under-
taken.

A serious hazard in the use of liquid nitrogen is
the risk of asphyxiation due to the displacement of
air by nitrogen gas within a confined area. Areas
where liquid nitrogen is stored or handled must
therefore be well ventilated. In addition, oxygen-
depletion monitors (wall-mounted and/or worn by
staff), which can provide an early warning that the
level of oxygen is declining below a safe level,
should be used in areas where large numbers of
storage vessels are held and/or significant amounts
of liquid nitrogen are handled.

Liquid nitrogen is frequently stored in pres-
surised vessels. Many countries have regulations
governing the design, construction, use, mainte-
nance, testing and other aspects of such pressurised
vessels (for example, the UK Pressure Systems
Safety Regulations 2000). In countries where no
such regulations exist, similar precautions should
be taken. In particular, cell culture workers should
ensure that they know how to operate such vessels
safely (see the user’s manual) and must have their
vessels maintained and tested on a regular basis.
Further useful information can be found at:
http://www.hse.gov.uk/hid/land/comah/level3/5c9a7
bd.htm.

Because of the ultra-low temperature of liquid
nitrogen (–196°C), it can cause severe frostbite to
exposed tissues, particularly if it is caught in loose

clothing or shoes, or spilled down the cuff of an
insulated glove. Therefore, appropriate clothing
should always be worn (open-toed footware is not
permissible, and clothing with loose cuffs, pockets
and turn-ups should be avoided), with eye protec-
tion and insulated gloves (ideally, these should be
loose-fitting for ease of removal, be made of imper-
meable material, and have close-fitting, elasticated
cuffs). 

The other hazard associated with liquid nitrogen
is that it can enter storage vials (due to inadequate
sealing) when they are immersed in the liquid
phase, and this may cause the vials to explode upon
thawing. Therefore, steps must be taken to protect
workers from the effects of such an explosion. As a
minimum, workers must wear a full-face visor,
insulated gloves and a long-sleeved laboratory coat
when thawing vials from liquid nitrogen, and other
individuals must be kept clear of the immediate
area. The vessel containing the liquid in which the
vial is being warmed, if judiciously chosen, can be
used to further protect the worker by containing
any flying debris and/or directing the force of the
blast away from the worker.

Such explosions could be particularly dangerous
if the vials contained pathogenic material.
Therefore, material known to be pathogenic must
not be stored in the liquid phase of liquid nitrogen,
but instead should be stored in the vapour phase.
Another reason for this is that transfer of patho-
genic material between containers stored in the liq-
uid phase has been documented.1 Clearly, the
greatest care must be taken to ensure that storage
vessels containing pathogenic material are fully
sealed before placing them in storage, and that they
will stay fully sealed under the intended storage
conditions.

1Tedder, R.S. Zuckerman, M.A., Goldstone, A.H.,
Hawkins, A.E., Fielding, A., Briggs, E.M., Irwin, D., Blair,
S., Gorman, A.M., Patterson, K.G., Linch, D.C.,
Heptonstall, J. & Brink, N.S. (1995). Hepatitis B trans-
mission from contaminated cryopreservation tank.
Lancet 346, 137–40.

Appendix 1

Liquid Nitrogen
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A Class II Biological Safety Cabinet (BSC) is
designed to perform two functions: a) to protect
the work materials (i.e. cell and tissue cultures in
this case); and b) to protect the worker from
infectious agents that may be contained in the
work materials. Other cabinets (Class I and III)
have been developed, each to serve only one of
these functions 1, but, in addressing both require-
ments, the Class II cabinet is less robust if mis-
used, and for safe and reliable performance of its
dual function, requires careful installation, main-
tenance and practical use. Accordingly, the oper-
ators of BSCs require careful instruction as to
their use. Supervisors must inform staff that
Class II BSCs are not substitutes for good aseptic
technique; in particular, the airflows will not pro-
vide protection in cases of gross spillage, high
energy aerosols (for example, from centrifuges, or
sprays) and physical disturbance. The following
are some typical precautions to help ensure the
correct and safe use of a Class II BSC.

— Before using the BSC, ensure that it is working
correctly. Check the airflow indicators or the
negative pressure gauges. Most BSCs are fitted
with alarms to indicate any unsafe operation
conditions.

— Use appropriate disinfection to decontaminate
surfaces before commencing work.

— Ensure that all essential materials and equip-
ment are placed in the BSCs before work is
started; this will reduce the risk of interruptions
to the BSC air flow during use, and will reduce
the risk of contamination. 

— Do not place too many items in the BSC at any
one time, as cluttering the work area may affect
the air flow. 

— Ensure that a vessel of appropriate disinfectant
is on hand, in case of spillages.

— Bear in mind that once the work has started, all
materials within the BSC are potentially con-
taminated and should not be removed until after
appropriate disinfection. This includes gloved
hands.

— Do not subculture or otherwise manipulate more
than one cell or tissue culture system in the BSC
at any one time. This is essential, to avoid mis-
labelling or cross-contamination.

— Use separate bottles of growth medium for each
cell or tissue culture system, as this will prevent
the transfer of microbial agents between culture
systems or possible cross-contamination.

— Avoid rapid movements, which may interrupt
the air flow.

— When the work is completed, ensure that all
materials and equipment are made safe. Place
all materials that need to leave the BSC in
appropriate transport containers, and disin-
fect by either spraying or wiping. Disinfect the
work area in case of spillage and splashes.

— Depending on the work being carried out, the
BSC may need to be decontaminated with
formaldehyde prior to further work being under-
taken.1

— Leave the BSC running for at least 10 minutes
before switching it off, in order to remove any
aerosols generated during the work.

— Class II safety cabinets should be sited, installed
and commissioned according to national regula-
tions.

1 Jones, B.P.C. (1998). Laboratory practice. In Safety Cell
and Tissue Culture (ed. G. Stacey, A. Doyle & P.
Hambleton), pp. 64–86. Dordrecht, The Netherlands:
Kluwer Academic Publishers.

Appendix 2
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Risk Group 1
(no or low individual and community risk) 

A microorganism that is unlikely to cause human or
animal disease. 

Risk Group 2
(moderate individual risk, low community risk)

A pathogen that can cause human or animal dis-
ease, but is unlikely to be a serious hazard to labo-
ratory workers, the community, livestock or the
environment. Laboratory exposures may cause seri-
ous infection, but effective treatment and preven-
tive measures are available, and the risk of spread
of infection is limited. 

Risk Group 3
(high individual risk, low community risk)

A pathogen that usually causes serious human or
animal disease, but does not ordinarily spread from
one infected individual to another. Effective treat-
ment and preventive measures are available. 

Risk Group 4
(high individual and community risk)

A pathogen that usually causes serious human or
animal disease and that can be readily transmitted
from one individual to another, directly or indi-
rectly. Effective treatment and preventive meas-
ures are not usually available.

Appendix 3

Classification of Infective Microorganisms by WHO Risk Group1
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(not detectable with STR) were found in cultures from a major 
cell bank (Kleensang et al., 2016). Also, these systems do not 
generally work well in non-human species although STR pan-
els have been developed for non-human species. Commercial 
kits typically comprise primers for a common subset of STR 
alleles, which permit comparison of profiles obtained with dif-
ferent kits (Andrews et al., 2015). However, this may not be 
feasible with array SNP systems, which are sometimes used for 
cell identification.

Another type of contamination that is astonishingly frequent 
and has a serious impact on in vitro results is microbial infec-
tion, especially with mycoplasma (Langdon, 2004; Callaway, 
2014). Mycoplasma contamination within cell culture systems 
was first identified by Robinson and Wichelhausen in 1956 
(Robinson and Wichelhausen, 1956) and numerous subsequent 
publications recognized the serious impact of such infection on 
in vitro cell cultures, including genetic instability, transforma-
tion, changes in physiological function and virus susceptibility. 
Mycoplasma infection is especially serious as these organisms 
tend to be resistant to certain antibiotics (having little cell wall 
material), may pass through some microbiological filters and 
may grow prolifically without being visibly evident (e.g., no 
effect on cell growth, no turbidity or obvious pH change in 
growth medium). Table 1 shows some reported frequencies 
of mycoplasma infection and the observed effects in culture. 
Such reports are likely to underestimate the problem because 
they arise from laboratories aware of and concerned about the 
consequences of mycoplasma contamination.

Non-sterilizable cell culture reagents, new cell lines brought 
into the laboratory and laboratory personnel are the main sourc-
es of M. orale, M. fermentans, and M. hominis contaminations. 
These species of mycoplasma account for more than half of 
all mycoplasma infections in cell cultures and are found in the 
healthy human oropharyngeal tract (Nikfarjam and Farzaneh, 
2012). M. arginini and A. laidlawii are two other mycoplasma 
species that may contaminate fetal bovine serum (FBS) or 
newborn bovine serum (NBS). Trypsin solutions prepared from 
swine have been a major source of M. hyorhinis, though mod-
ern manufacturing practices have reduced this problem consid-
erably. It is important to understand that mycoplasma implies 
resistance against penicillin (Bruchmuller et al., 2006), and can 
pass 0.2 μm sterility filters, especially at higher pressure rates 
(Hay et al., 1989), therefore it is extremely difficult to eradicate 
this intracellular infection. 

There is a good understanding of this problem in the field 
of biotechnology where routine screening for mycoplasma 
contamination and disposal of positive cultures has reduced 
the incidence of such infection; however, this is not the case 
in basic research. Whilst mycoplasma testing by broth culture 
is internationally harmonized with validated methods (e.g., 
US and European Pharmacopeia), there is still no standardized 
PCR-based method, and numerous research laboratories do 
not test on a regular basis. The recent production of reference 
materials (Dabrazhynetskaya et al., 2011) offers hope for re-
spective validation attempts. The problem lies in the fact that 

1  Introduction to GCCP

The techniques available for in vitro cell culture have under-
gone massive developments in the last decade. The need to find 
cheaper, faster, humanized and more mechanistic approaches 
have been incentives for employing these methods in many areas 
such as toxicology (Suter-Dick et al., 2015), drug development 
and disease studies. A key problem when using these methods is 
that quality control is too often lacking. A number of concerns 
have been increasingly discussed in recent years (Marx, 2014; 
Freedman et al., 2015). These have raised awareness of quality 
problems in cell culture experiments of which the most frequent 
with serious impact on the quality of research and products are 
cross-contamination and microbial infection. Failure to adopt 
Good Cell Culture Practice (GCCP) in laboratories significantly 
increases the risk of generating erroneous data as well as risking 
worker health issues and legal liabilities.

 The original GCCP document (Coecke et al., 2005) identified 
six principles of GCCP. The first of these emphasized the im-
portance of cell line authentication. Investigations going back to 
the 1960s have revealed cases where cell lines were mislabeled 
or cross-contaminated and overgrown by other cells owing to 
poor cell culture practices and then circulated to other scientists 
(Yu et al., 2015; Gao and Sun, 2013; Nelson-Rees et al., 1981). 
In a recent report, 18-36% of all cell lines were shown to be 
wrongly identified (Hughes et al., 2007). A very useful list of 
such mistaken cell lines is available1. This problem has been 
raised numerous times (MacLeod et al., 1999; Stacey, 2000; 
Buehring et al., 2004; Rojas et al., 2008; Dirks et al., 2010). 

The most commonly identified contaminating cell line so far 
is the HeLa cell line, the first human tumor cell line to be estab-
lished (Gey et al., 1952). HeLa cells have contributed to more 
than 60,000 research papers. A study from 2004 showed that 
HeLa contaminants were used unknowingly by 9% of survey 
respondents (Buehring et al., 2004), but likely even underes-
timated the problem: only about a third of respondents were 
testing their lines for cell identity. Recently, the sequencing 
of the HeLa genome revealed dramatic genetic instability and 
changes compared to a normal genome (Landry et al., 2013). 
The cell line was found to be remarkably durable and prolific, 
as illustrated by its ability to contaminate many other cell lines. 
It is highly probable that today 10-20% of cell lines in use are 
actually HeLa cells (Hughes et al., 2007). 

More recently, a new technical solution for cell line identi-
fication has been introduced by the leading cell banks (ATCC, 
CellBank Australia, sDSMZ, ECACC, JCRB, and RIKEN), 
i.e., STR profiling (typing). Short tandem repeat (STR) micro-
satellite sequence alleles that are highly polymorphic in human
populations are selected to control the identity of human cell
lines and their stability in cell cultures. When sufficient alleles
are analyzed (typically 16 in current commercially available
kits), their pattern should only result in the same profile when
cell lines are derived from the same original donor (or donors
who are identical twins). Still, recently severe genetic and
functional differences in two samples from the same cell batch

1 http://www.hpacultures.org.uk/services/celllineidentityverification/misidentifiedcelllines.jsp

http://www.hpacultures.org.uk/services/celllineidentityverification/misidentifiedcelllines.jsp
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– Loss of crucial cell lines owing to microbiological contami-
nation

– Failed patent applications when patent deposits are rejected
due to contamination or lack of viability

– Laboratory worker exposure to infectious and other hazards
as a result of working with cells, which have resulted in in-
fection and in rare instances serious injury and death (e.g.,
frost-bite and asphyxia due to misuse of liquid nitrogen,
cross-contamination of clinical samples in liquid nitrogen
storage, poor aseptic technique or failure to adhere to appro-
priate laboratory procedures)

– Public exposure of work performed without appropriate
ethical consent for use of cell lines leading to loss of labora-
tory reputation and potentially loss of funding from research
sponsors

Thus, as a direct consequence of a failure to adopt GCCP a re-
searcher and their employer/institution can be subject to risk of 
loss of scientific reputation, wasted time, wasted resources, lab 
worker infection and risk of legal prosecution. There is some 
guidance (under development for GLP and revision of GCCP 
see below) but to date it is only consistently applied in indus-

at least twenty different species of mycoplasma are found in 
cell culture, though five of these appear to be responsible for 
95% of contamination cases (Bruchmuller et al., 2006). For a 
comparison of the different mycoplasma detection platforms 
see Lawrence et al. (2010) and Young et al. (2010). 

Current estimates indicate that probably only 60% of cell line 
studies use cell lines that have tested negative for mycoplasma 
infection and in fact are the cell lines they are thought to be 
(Hartung, 2013). These examples illustrate common deficits 
in the quality control of research laboratories which represents 
a significant risk to the quality of today’s research using cell 
cultures.

Further important aspects of GCCP are appropriate docu-
mentation and reporting practices within laboratory work and 
in publications, the quality of which can vary significantly 
between laboratories. Failure to apply GCCP can have serious 
consequences for individual researchers and also for their em-
ployers. Such consequences have been known to include:
– Generation of erroneous data, leading to withdrawal of pub-

lications, loss of scientific reputation and wasted precious
research time and resources

Tab. 1: Frequency and effect of mycoplasma infection of cell cultures

Reported frequencies of mycoplasma infection 

Mycoplasma contamination of cell cultures is widespread, ranging 
from 5 to 35% in published reports (Hay et al., 1989).

U.S. Food and Drug Administration (FDA) for more than three 
decades: 20,000 cell cultures examined, more than 3000 (15%) 
were contaminated with mycoplasma (Rottem and Barile, 1993)

Studies in Japan and Argentina reported mycoplasma 
contamination rates of 80% and 65%, respectively (Rottem 
and Barile, 1993).

An analysis by the German Collection of Microorganisms and Cell 
Cultures (DSMZ) of 440 leukemia-lymphoma cell lines showed 
that 28% were mycoplasma positive (Drexler and Uphoff, 2002).

The Bionique Testing Laboratories in the US reported 11 and  
7%, respectively, of infections in 10,000 samples each in 1994 
and 2009 (Armstrong et al., 2010).

A total of 301 cell cultures from 15 laboratories were monitored 
for mycoplasma using PCR and culture and found in 93 (31%) 
samples from 12 of the labs (Timenetsky et al., 2006).

Estimated that as much as 35 percent of the cell cultures currently 
used in research may be infected (Chi, 2013).

Effects of mycoplasma infection in cell culture 
(compiled by Hartung, 2013)

Cell death and total culture degeneration and loss; increased 
sensitivity to apoptosis.

Alteration of cellular morphology. 

Alteration of proliferation characteristics (growth, viability).  

Chromosomal aberrations (numerical and structural alterations); 
DNA fragmentation due to mycoplasma nucleases. 

Alteration of cellular metabolism: Inhibition of cell metabolism; 
altered levels of protein, RNA and DNA synthesis with change 
of gene expression patterns; 

Changes in cell membrane antigenicity (surface antigen and 
receptor expression). 

Interference with various biochemical and biological assays: 
Increase (or decrease) of virus propagation; reduction of 
transfection efficiencies; induction (or inhibition) of lymphocyte 
activation; induction (or suppression) of cytokine expression; 
influence on signal transduction; promotion of cellular 
transformation.

Specific effects on hybridomas: Inhibition of cell fusion; influence 
on selection of fusion products; interference in screening of 
monoclonal antibody reactivity; monoclonal antibody  
against mycoplasma instead of target antigen; reduced yield  
of monoclonal antibody; conservation of hybridoma.
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vitro results … encourage journals in the life sciences to 
adopt these guidelines...”

A GCCP task force was then established, which produced two 
reports (Hartung et al., 2002; Coecke et al., 2005). 

The maintenance of high standards is fundamental to all good 
scientific practice, and it is essential for ensuring the reproduc-
ibility, reliability, credibility, acceptance, and proper application 
of any results produced. The aim of GCCP is to reduce uncer-
tainty in the development and application of in vitro procedures 
by encouraging the establishment of principles for the greater 
international harmonization, standardization, and rational im-
plementation of laboratory practices, nomenclature, quality 
control systems, safety procedures, and reporting, linked, where 
appropriate, to the application of the principles of Good Labora-
tory Practice (GLP). GCCP addresses issues related to:
– Characterization & maintenance of essential characteristics
– Quality assurance
– Recording
– Reporting
– Safety
– Education and training
– Ethics.
The GCCP documents formed a major basis for a GLP adviso-
ry document by the OECD for in vitro studies (OECD, 2005),
which addresses:
– Test Facility Organization and Personnel
– Quality Assurance Program
– Facilities
– Apparatus, Materials, and Reagents
– Test Systems
– Test and Reference Items
– Standard Operating Procedures

try. The more recent growth in cell culture protocol resources 
is an important step (see Tab. 2), but it is still not common for 
researchers to stick closely to prescribed protocols, as they often 
adapt them to their own needs but fail to publish the details of 
their modifications.

2  The genesis of GCCP 1.0

Good Laboratory Practice (GLP) (at least originally) addressed 
only regulatory in vivo studies and the International Organiza-
tion for Standardization (ISO) guidance is not really specific 
for life science tools and also does not address the relevance of 
a test. The relevance criterion is the truly unique contribution 
of validation, which, according to Organisation for Economic 
Co-operation and Development (OECD) consensus, is “the 
process by which the reliability and relevance of a particular 
approach, method, process, or assessment is established for 
a defined purpose” (OECD, 2005; Ferrario et al., 2014). This 
criterion is far too rarely applied in other settings (Hartung, 
2007b). The limited applicability of GLP to in vitro studies was 
first addressed in a European Center for the Validation of Alter-
natives Methods (ECVAM) workshop in 1998 (Cooper-Hannan 
et al., 1999). Parallel initiatives (1996 in Berlin under the aus-
pices of the German Society for Cell and Tissue Culture and 
1999 in Bologna at the Third World Congress on Alternatives 
and Animal Use in the Life Sciences) led to a declaration toward 
Good Cell Culture Practice – GCCP (Gstraunthaler, 1999):

“The participants … call on the scientific community to 
develop guidelines defining minimum standards in cell and 
tissue culture, to be called Good Cell Culture Practice … 
should facilitate the interlaboratory comparability of in  

Tab. 2: Examples for Cell Culture Protocol Resources

General cell culture methods

Nature Protocols

Abcam – Cell Culture Guidelines

Protocol online

Thermo Fisher Scientific – Cell Culture Protocols 

Sigma-Aldrich: Basic Techniques – The “Do’s and Don’ts”  
of Cell Culture

Invitrogen – Cell Culture Basics

http://www.nature.com/nprot/index.html

http://www.abcam.com/ps/pdf/protocols/cell_culture.pdf 

http://www.protocol-online.org/prot/Cell_Biology/Cell_Culture/

https://www.thermofisher.com/us/en/home/references/gibco-cell-
culture-basics/cell-culture-protocols.html

http://www.sigmaaldrich.com/technical-documents/protocols/
biology/basic-techniques.html

http://www.thermofisher.com/us/en/home/references/gibco-cell-
culture-basics.html

Alternative methods

EURL ECVAM DataBase Service on Alternative Methods to 
Animal Experimentation (DB-ALM)

ZEBET database on alternatives to animal experiments on the 
Internet (AnimAlt-ZEBET)

CAAT repository of databases

OECD test guidelines

http://ecvam-dbalm.jrc.ec.europa.eu/beta/ 

http://www.bfr.bund.de/en/zebet_database_on_alternatives_to_
animal_experiments_on_the_internet__animalt_zebet_-1508.html

http://altweb.jhsph.edu/resources/searchalt/searchaltdata.html

http://www.oecd.org/chemicalsafety/testing/
oecdguidelinesforthetestingofchemicals.htm

http://www.nature.com/nprot/index.html
http://www.abcam.com/ps/pdf/protocols/cell_culture.pdf
http://www.protocol-online.org/prot/Cell_Biology/Cell_Culture/
https://www.thermofisher.com/us/en/home/references/gibco-cell-culture-basics/cell-culture-protocols.html
https://www.thermofisher.com/us/en/home/references/gibco-cell-culture-basics/cell-culture-protocols.html
https://www.thermofisher.com/us/en/home/references/gibco-cell-culture-basics/cell-culture-protocols.html
http://www.sigmaaldrich.com/technical-documents/protocols/biology/basic-techniques.html
http://www.thermofisher.com/us/en/home/references/gibco-cell-culture-basics.html
http://www.thermofisher.com/us/en/home/references/gibco-cell-culture-basics.html
http://www.thermofisher.com/us/en/home/references/gibco-cell-culture-basics.html
http://ecvam-dbalm.jrc.ec.europa.eu/beta/
http://www.bfr.bund.de/en/zebet_database_on_alternatives_to_animal_experiments_on_the_internet__animalt_zebet_-1508.html
http://altweb.jhsph.edu/resources/searchalt/searchaltdata.html
http://www.oecd.org/chemicalsafety/testing/oecdguidelinesforthetestingofchemicals.htm
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needs requiring a case-by-case assessment of what is feasible 
(Hartung, 2007b; Leist et al., 2012).

3  The need for GCCP 2.0

The advent of human pluripotent stem cells, first embryonic 
(1998) and then induced pluripotent (2006) stem cells, has great-
ly broadened the potential applications of human cell culture 
models. They promise to overcome the problem of limited avail-
ability of human primary cells. A variety of commercial pro-
viders nowadays make almost all relevant human primary cells 
available in reasonable quality but at costs that are challenging, 
at least for academia. Furthermore, human pluripotent stem cell 
(hPSC) lines promise to generate a broad variety of tissues, 
however, we do not yet have optimal protocols to achieve fully 
functional differentiation of any cell type. This will probably be 
achieved given time and effort, but many of the non-physiologic 
conditions taken over from traditional cell culture techniques 
contribute to the problems. Originally hPSC cultures were 
thought to be genetically stable, but we have lately learnt about 
their limitations in this respect (Mitalipova et al., 2005; Lund et 
al., 2012; Steinemann et al., 2013). Other limitations are costs 
of culture and complex differentiation protocols, which may 
require months of labor, media, and supplements. The risk of 
infection also increases with the duration and complexity of the 
procedures. Despite all the time and effort invested one may still 
not obtain pure cell types, and may need to sort them, which 
involves detachment of cells, disrupting the culture conditions 
and physiology.

GCCP guidance was developed before human stem cells be-
came broadly used. We attempted a respective update in a work-
shop in 2007: “Human embryonic stem cells (hESC) technology 
for toxicology and drug development: summary of current status 
and recommendations for best practice and standardization. The 
Report and Recommendations of an ECVAM Workshop”3. 

Very much fueled by the availability of stem cells, but not re-
stricted to these, a number of initiatives have started to develop 
organotypic cultures (also known as organoids, spheroids, mi-
crophysiological systems, 3D cultures, organ-on-chip, perfusion 
cultures, etc.) (Marx et al., 2016). These novel test types (Har-
tung and Zurlo, 2012) represent additional challenges regarding 
standardization of design and generation of optimized culture 
systems and devices. The systems are considerably more com-
plex than traditional in vitro approaches, involving 3D constructs 
(Alépée et al., 2014), various cell types and other engineering 
methods (Andersen et al., 2014; Hartung, 2014). This must also 
be considered in the revision of the GCCP guidance.

A key element of this guidance is the advice on documentation 
and publication. Note that guidance also has been developed for 
the publication of journal articles on in vitro experiments (Leist 
et al., 2010). A CAAT workshop was held in March 2012 in 
San Francisco, and a taskforce was formed to further this work. 

– Performance of the Study
– Reporting of Study Results
– Storage and Retention of Records and Materials.
Therefore, the guidance documents have much in common: In-
herent variation of in vitro test systems calls for standardization,
and both the GLP advisory document and the GCCP guidance
are intended to support best practice in all aspects of the use of
in vitro systems, including the use of cells and tissues.

Notably, there are other activities in progress such as the 
Good In vitro Method Practice (GIVIMP) by ECVAM and the 
OECD that has been recently published2. The draft guidance 
supports the implementation of in vitro methods within a GLP 
environment to support regulatory human safety assessment of 
chemicals. GIVIMP will contribute to increased standardization 
and harmonization in the generation of in vitro information on 
test item safety. The guidance further facilitates the application 
of the OECD Mutual Acceptance of Data (MAD) agreement for 
data generated by in vitro methods and as such contributes to 
avoidance of unnecessary additional testing. GIVIMP takes into 
account the requirements of the existing OECD guidelines and 
advisory documents to ensure that the guidance is complemen-
tary and in line with these issued documents.

When comparing GLP and GCCP, there are some major 
differences: GLP still gives only limited guidance for in vitro 
work and cannot normally be implemented in academia on 
the grounds of costs and lack of flexibility. For example, GLP 
requires documented completed training of the personnel in-
volved, while academic research often relies on people train-
ing on the job. GCCP, on the other hand, is intended for broad 
ranging applications, including research, and also aims to give 
guidance to journals and funding bodies.

All quality assurance of an in vitro system starts with its defi-
nition and standardization, which include:
– A definition of the scientific purpose of the method
– A description of its mechanistic basis
– The case for its relevance
– The availability of an optimized protocol, including:

• standard operation procedures
• specification of endpoints and endpoint measurements
• derivation, expression, and interpretation of results

(preliminary prediction model)
• inclusion of adequate controls

– An indication of limitations (preliminary applicability
domain)

– Quality assurance measures
This standardization forms the basis for formal validation, as
developed by ECVAM, adapted and expanded by ICCVAM and
other validation bodies, and, finally, internationally harmonized
by OECD (2005). Validation is the independent assessment of
the scientific basis, the reproducibility, and the predictive ca-
pacity of a test for a specific purpose. It was redefined in 2004
in the modular approach (Hartung et al., 2004) but needs to
be seen as a continuous adaptation of the process to practical

2 http://www.oecd.org/env/ehs/testing/OECD_Draft_GIVIMP_in_Human_Safety_Assessment.pdf (last accessed 14 Dec 2016)
3 https://eurl-ecvam.jrc.ec.europa.eu/about-ecvam/archive-publications/publication/hESC_%20010711.pdf (last accessed 23 Nov 2015)

http://www.oecd.org/env/ehs/testing/OECD_Draft_GIVIMP_in_Human_Safety_Assessment.pdf
https://eurl-ecvam.jrc.ec.europa.eu/about-ecvam/archive-publications/publication/hESC_%20010711.pdf
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not clear (Feng et al., 2010; Hu et al., 2010). Although some 
studies have shown no significant differences between ESC and 
iPSC (Guenther et al., 2010; Mallon et al., 2014), other evidence 
suggests genetic (Chin et al., 2009; Muller et al., 2011), miRNA 
profile (Zhao et al., 2014), chromatin structure and methylation 
(Lister et al., 2011) differences. 

It has been proposed that some of the differences between iPSC  
and ESC are effects of reprogramming or reflect persistence of 
epigenetic marks from the original tissue cells (Kim et al., 2010; 
Lister et al., 2011). During reprogramming, DNA methylation and 
other epigenetic marks are stripped and renewed to approximate-
ly resemble the naïve epigenetic state of ESCs. A few epigenetic 
markers from the somatic cell of origin, however, appear to be 
retained, see “Characterization of PSC” below. The differences 
may affect behavior in terms of tumorigenicity and spontaneous 
differentiation (Polouliakh, 2013), therefore understanding them 
will help to further improve technologies used to generate iPSC. 

Authentication
The increasing use of different cell lines together with the 
lack of good practices have led to an increase in the number 
of cross-contaminations and lack of authenticity of cells. Ex-
periments performed with cells that are not authenticated could 
produce erroneous data with the respective consequences. See 
“Cell Identification” in Section 5.1 

Characterization of PSC
Phenotypic characteristics should be studied in both pluripotent 
cells (morphology, colony evaluation, markers of pluripotency 
potential) and in differentiated cells (morphology, differentiation 
markers, functionality). A set of markers, including a number of 
canonical cell surface markers (e.g., SSEA-3, SSEA-4, TRA-1-
180, TRA-1-60) and expression of self-renewal genes (e.g., Oct-
4, Nanog, Sox-2) is commonly used to confirm the typical un-
differentiated PSC phenotype (see Tab. 3). Although commonly 
used, a standardized set of markers has yet to be established. 

Phenotypic studies can help to isolate colonies of interest or 
specific cell types. For iPSCs, colony selection and removal of 
differentiated cells are typical methodologies employed to main-
tain undifferentiated iPSC cultures. During the iPSC selection 
process, the use of cloning techniques is required (this procedure 
is not necessary for miRNA/mRNA transfection reprograming). 
It is important to recognize that hPSCs are mosaic and can re-
sult in expansion of abnormal clones with enhanced growth 
rates, which may take over the culture. In addition, iPSCs can 
spontaneously differentiate (partially or completely) during their 
propagation, favoring such heterogeneity. Regular assessment of 
colony morphology is therefore a very important measure during 
maintenance of undifferentiated iPSC colonies. Proper technique 
to balance culture confluency, select the appropriate split ratio, 
and minimize differentiation is critical to high-quality cultures.

Genetic variation between donors may result in functional 
differences between iPSC lines. The most straightforward 
manner to confirm phenotypic differences between iPSCs (e.g., 
genetic disease-carrying and healthy patients) is to independent-
ly derive three or more cell lines from each patient to confirm 
differences can be replicated between these cell lines. Some 

These activities are currently united under the GCCP initiative 
(see below).

Taken together, GCCP 1.0 was a major step toward best prac-
tices for in vitro testing. A decade later, it requires updating, 
especially to incorporate stem cell technologies and organ-on-
chip approaches and to include best practice for documentation 
and publication. We hope that GCCP 2.0 will improve cell 
culture work around the world and also will be guidance for 
journals and funding bodies, thereby enforcing the use of these 
quality measures.

4  Principle 1: Establishment and maintenance 
of sufficient understanding of the in vitro system 
and of the relevant factors which could affect it

All cell and tissue-based systems require establishing essential 
elements to ensure reliable and accurate work. These elements 
include among others authenticity, purity and stability of the cell 
line or tissue. 

Special attention is required for pluripotent stem cell cultures. 
PSC are dynamic cells that can change their phenotype by dif-
ferentiating into different cell types. All cells are per se prone 
to change in culture, but controlling the differentiation stages 
of pluripotent cells can be even more of a challenge. Moreover, 
reliable maintenance of cells in their undifferentiated state is 
critical for the propagation of these cells. Further, the method 
used to generate these cell lines (such as induction in the case of 
induced pluripotent stem cells (iPSC)) has direct repercussions 
on the identity of the cells and their properties. Incorrect char-
acterization, accumulation of genetic aberrations and cell line 
misidentification are possible pitfalls with the consequences 
discussed above. It is also useful to consider different require-
ments for GCCP for stem cells used for different applications, 
e.g., in “organ-on-a-chip” applications, including disease mod-
els, versus for therapeutic use.

4.1  Pluripotent stem cells
Currently, iPSC are the most popular pluripotent stem cells used. 
Human somatic cells are reprogrammed to become embryonic 
stem cell-like iPSCs by a variety of mechanisms (see Section 
4.6). Like embryonic stem cell (ESC) culture, maintenance of 
iPSCs in an undifferentiated state for propagation purposes is 
essential. Human iPSCs can be cultured on a supporting layer 
of feeder cells, such as mouse embryonic fibroblasts (MEF) or 
human foreskin fibroblasts (HFF), or on an extracellular matrix. 

The respective technologies, such as reprogramming tech-
niques, culture media and characterization methods (explained 
in section 4.6), are being refined constantly. Multiple methods 
of reprogramming have been developed to improve pluripoten-
cy and efficiency of iPSC derivation by minimizing genomic 
instability from unwanted integrations. Others create more de-
fined methods to increase consistency, improve standardization 
in research and to bring us closer to clinical application. 

Differences between iPSC and ESC
Whether iPSC recapitulate ESC characteristics exactly is still 
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The stability of features of known significance such as the 
karyotype (via G-banding, where trisomy and gross chromo-
somal duplication/deletions and translocations can be detected 
(see additional text in Section 5.1)) or the faithful representation 
of the genetic profile of the disease under study in “disease-in-a-
dish” applications should be monitored. 

Clinically relevant specialized cells derived from PSCs un-
dergo a series of workflow steps with varying requirements and 
complexity (Fig. 1). The various workflow stages and by-prod-
ucts (such as media and growth factors) are closely monitored 
according to stringent guidelines (Tab. 4). PSC cultured for 
reintroduction into patients should be examined carefully for 
mutations or large karyotype changes that might predispose 
them to tumorigenesis. 

The International Stem Cell Banking Initiative (ISCBI) has 
developed guidelines for banking, characterization and distri-
bution of research-grade ESCs (ISCBI, 2009). The active di-

genetic and epigenetic variations may change the PSC’s prop-
erties while others may not. A donor may carry chromosomal 
abnormalities that do not have phenotypic effects. Moreover, 
acquired genomic abnormalities may not affect the purpose of 
the experiment. It is important to understand the aim of the ex-
periment and possible effects of abnormal genotypes. 

Genotypic or epigenetic variations in PSC can stem from 
variations inherent to the donor cells, changes induced in the 
reprogramming process, or accumulation during culture pas-
saging (ISCBI, 2012; Liang and Zhang, 2013). These variations 
may change the differentiation potential of the cells, which can 
have significant impact on the suitability of a cell line for use 
in disease modeling and cell replacement therapy. Identifying 
changes which may adversely impact the characteristics of 
differentiated or undifferentiated cultures may not be straight-
forward. Low levels of aneuploidy in a diploid culture may be 
quite normal as this appears commonly in hESC and iPSC. 

Fig. 1: Workflow of derivation and differentiation of patient PSC and stage-specific characterization requirements
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Tab. 3: Commonly used characterization methods used to indicate pluripotent capability based on marker 
expression and differentiation potential

Marker 
analysis

In vitro 
differentiation

In vitro  
differentiation

Transcriptome 
analysis

Assay

Differential dye 

Surface marker 
expression 

Marker 
expression 

Lineage 
commitment 
assay 

EB formation 

Directed 
differentiation 

Teratoma assay 

TeratoScore 

PluriTest 

ScoreCard 

Cell Net

Markers

Alkaline phosphatase 

SSEA3, SSEA4, 
TRA-1-60, 
TRA-1-81 

NANOG, POUF1, 
GDF3,  
DNMT3B 

OCT4, SOX2 

SMA (mesoderm),  
TUBB3 (ectoderm), 
AFP (endoderm) 

SOX10 (ectoderm), 
SOX17 (endoderm),  
KDR,  
PDGFRA (mesoderm)

Haematoxylin /  
eosin (H&E) stained 
histological sections 

Gene expression 
in teratoma 

High density 
microarray 

Medium/low density 
focused array 

High density 
microarray

References

Marti et al., 2013;  
Singh et al., 2012; 
Brivanlou et al., 2003; 
Gonzalez et al., 2011

Andrews, 2002;  
Draper et al., 2002; 
Henderson et al., 2002; 
Pera et al., 2000

Sperger et al., 2003; 
Richards et al., 2004 

Nazareth et al., 2013 

Itskovitz-Eldor et al., 
2000 

Chambers et al., 2009; 
Borowiak et al., 2009; 
Burridge et al., 2012; 
Kattman et al., 2011

Gertow et al., 2007;  
Gropp et al., 2012 

Avior et al., 2015 

Muller et al., 2011 

Bock et al., 2011 

Cahan et al., 2014a, b

Metric (Pros/Cons)

Robust positive staining by visual or 
microscopic observation 
(Fast & easy-to-use / Not highly specific) 

>70% positive for marker by flow
cytometry
(live staining / cost and potential
for contamination)

Uniform staining pattern by  
fluorescence microscopy 
(Highest specificity / terminal 
staining - not for live cells)

Differential expression profiling in 
response to signaling factors in  
96CP platform-patterned 96-well plates 
(expression based on functional  
response / high technical expertise 
required) 

Positive detection of trilineage  
specific markers in spontaneously 
differentiating embryoid bodies 
(accepted method / duration of assay)

Positive detection of lineage specific 
markers with directed differentiation 
(newer methods / clonal bias may  
not be detected)

Identification of cells types that are 
derivatives of ectoderm, mesoderm 
and endoderm 
(gold standard / burden of animal  
testing)

Algorithm using in vivo expression  
profiles to assess teratoma tissue  
and lineage composition 
(enables quantification of teratoma 
assay / burden of animal testing) 

Pluripotency scores and novelty scores 
(easy analysis of global gene  
expression analysis / cell population 
assay, restricted to measurement  
of self-renewal patterns)

Scores measured by comparing l 
ineage expression levels to  
a reference standard 
(Confirms self-renewal signature  
and trilineage differentiation potential / 
cell population assay can diminish 
sensitivity)

Computational platform to determine  
gene regulatory networks that govern 
cell identity 
(based on global gene expression /  
cost and complexity)
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ture, the quality of the passage method, and the split ratio. It 
is important to minimize the passage level of cells in routine 
use and to replace the in-use stock from a frozen cell bank on 
a regular basis. This has been recommended in previous best 
practice documents to passage cells for no more than fifteen 
passages or for a maximum of three months‎ by WHO guidance 
(WHO, 2013).

In order to avoid the risk of losing a new iPSC line due to 
contamination or differentiation, it is important to create a small 
cryopreserved stock of cells (seed bank) as soon as a stable iPSC 
culture has been established. This seed bank can then be used 
to establish a larger yet low passage, cryopreserved “master” 
stock, which provides the source of all cells for future work. The 
master stock or “bank” can then be used to generate a “working” 
stock which can then be used for all experimental routine work. 
In this way, the reliable supplies of low passage cultures can be 
made available over many years without the need to replace the 
master stock. 

Viability (e.g., MTT, Alamar Blue, intracellular ATP assay, 
Phenol Red) and growth rate measurements (e.g., proliferation 
rate by cell counting) can be important tools to control the cul-
ture. Each cell viability assay has certain advantages and disad-
vantages depending on the cell line and culture model, so it is 
important to decide on the most appropriate technique for the 
cell type and the purpose of the experiment. Different factors, 
such as pH, medium type, temperature, incubation time, and 
evaporation, can influence these assays. Thus, it is important 
to select a viability assay adequate for the culture and methods 
studied (Stacey and Hartung, 2007). 

Although such tests typically are used to detect toxicity in 
the cells, they also can be used to control the effects of different 
aspects of cell maintenance. Cells can be perturbed by different 
handling and maintenance processes such as cryopreservation, 
switching to different growth media, passaging, reprogram-

alog and collaboration under this umbrella between stem cell 
scientists, national cell banking groups, commercial suppliers 
of reagents and regulators has also helped to reach an under-
standing of the required quality control and on regulatory issues 
surrounding clinical-grade pluripotent stem cells (Andrews et 
al., 2015). Cells intended for therapeutic use fall under the guid-
ance of US Food and Drug Administration (US FDA 21 CFR 
part 1271; FDA, 2001), the EU (European Union Tissues and 
Cells Directive, EU, 2012), and their equivalents in other parts 
of the world to ensure product safety by requiring manufactur-
ers to confirm the absence of harmful agents and evidence of 
abnormalities (FDA, 1998). There is specific emphasis on the 
maintenance of high-quality cell stocks and end products char-
acterized for sterility, purity, and tumorigenicity (FDA, 1998; 
EMEA, 1998; FDA, 2013; Adewumi et al., 2007; WHO, 2013). 
Manufacturing of cell products is also subject to thorough char-
acterization, which includes monitoring of cell morphology, 
growth and functional activity, marker expression, HLA-type 
and contamination with microbial or endotoxin elements (FDA, 
2003; Weber, 2006; EU, 2007). Specific regulation also applies 
to cell-based therapeutic products, e.g., Advanced Therapies 
Medicinal Products regulation (EU, 2007), whereby some prin-
ciples are applicable to general research.

Cell purity, stability and functional integrity 
Long-term cultures, especially PSCs, tend to acquire chromo-
somal changes. There is evidence suggesting that changes in 
the genetic machinery may confer a growth advantage of the 
aberrant population, producing a selective advantage to those 
cells (Baker et al., 2007) and affecting cell population homo-
geneity. Therefore, it is recommended not to maintain cultures 
for long periods of time and to avoid high (normally not higher 
than 40) passage numbers. Noteworthy, passage numbers are 
not precisely defined as it depends on the nature of the cul-

Tab. 4: Quality control in different stages of stem cell-derived therapeutic product

Stage* Guidance/ Research	 Toxicology/product	 Manufacture of	 Manufacture of 
Regulation		 safety testing	 cell-derived 	 cell-based medicines 

medical products

Cell bank	 Guidance	 Coecke et al., 2005; 	 Coecke et al., 2005; 	 Coecke et al., 2005	 Coecke et al., 2005;  
or cell stock		 ISCBI, 2009	 Pistollato et al., 2012; 		 Andrews et al., 2015;  

Stacey et al., 2016; 		 EDQM, 2015 
ISCBI, 2009;  
Stacey et al., 2017	

Regulation	 Ethics review for use of 	 Ethics review for use of	 As for research and	 FDA, 2001 
human tissue according human tissue according	 toxicology plus: 	
to national regulation	 to national regulation	 WHO, 2010; 	

Laboratory health and	 Laboratory health and	 EMEA, 1998; 	
safety regulations	 safety regulations	 FDA, 2010b	
under national laws e.g., under national laws e.g., 
microbiological hazards, 	 microbiological hazards, 
genetically manipulated 	 genetically manipulated 
organisms organisms

*For regulation of manufacturing processes and end product in the EU under EC 1394/2007 (EU, 2007) & 2001 (EU, 2001b) and
in the USA regulation and guidance can be found at the USFDA website (http://www.fda.gov/BiologicsBloodVaccines/default.htm) . 

http://www.fda.gov/BiologicsBloodVaccines/default.htm
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phenotype, however, it is unclear whether culture conditions are 
the sole limitation or whether epigenetic memory also contrib-
utes significantly.

Culture medium
In vitro work is generally performed in complex nutritive medi-
um. Depending on the circumstances, the basal culture medium 
can be serum-supplemented (as in traditional cell culture meth-
ods) or serum-free but supplemented with the additives neces-
sary for obtaining satisfactory cell proliferation and production, 
or for maintaining a desired differentiation status. Many, slight-
ly different formulations exist under the same general medium 
names, such as Minimum Essential Medium (MEM), but even 
subtle changes to the medium formulation can substantially 
alter the characteristics of certain cells and tissues. In many 
cases, these variations are deliberate to achieve desired cellular 
characteristics for specific applications. 

In order to maintain cultures of mammalian cells in vitro, it is 
necessary to provide an environment that closely mimics condi-
tions present in vivo to provide the cell with the basic building 
blocks for nutrient metabolism and biochemical processes while 
maintaining the cell’s phenotypes and characteristics. Notably, 
cell proliferation and differentiation counteract each other and 
thus most cultures have to compromise here, being less prolifer-
ative to obtain differentiated cells. 

Early work in the area of mammalian cell culture design was 
based on the use of biological fluids such as blood plasma and 
serum matched with a basal medium consisting of minimally 
required components such as water, glucose, amino acids, vita-
mins, and a physiologically balanced pH-buffered salt solution 
(Amit et al., 2003; Crook et al., 2010). This combination is still 
widely used for many applications in cell culture research, but 
the many disadvantages mentioned above associated with serum 
use have precipitated a shift away from its use as a supplement 
to serum-free medium (SFM), protein-free medium (PFM) and 
chemically-defined medium (CDM). 

Medium conditions
Supplements used in these media or added to basal medium 
supplemented with serum in stem cell culture may include pro-
teins, hormones and growth factors and hydrolysates. Purified 
proteins are added to improve performance of the cells (such 
as growth, differentiation and maintenance). Proteins such as 
insulin, transferrin, and serum albumin are purified from animal 
sources or produced recombinantly in bacteria, yeast, or plants. 

Similarly, purified growth factors such as activin, platelet-de-
rived growth factor (PDGF), fibroblast growth factor (FGF), 
epidermal growth factor (EGF), and others are often added to 
stem cell culture media. Purified proteins and growth factors are 
more favorable than serum to ensure consistency of biological 
effects, but costs may be prohibitive, they may not support the 
growth of cells in the same way or as effectively as serum-con-
taining growth media and they may, like serum, need to be elim-
inated at a later stage by complicated purification processes. 

Serum is still used in some stem cell differentiation protocols. 
It is a complex mixture of a large number of constituents, includ-

ming, cloning and gene editing. Viability can be used to study 
which processes are least harmful to the cells by comparing 
different protocols. However, other, more subtle processes such 
as micro-autophagocytosis may also be activated in suboptimal 
conditions without loss of viability. 

Technologies such as metabolomics can be used to character-
ize PSC. Metabolism is involved directly or indirectly with cell 
function. Metabolomics technologies can be used to examine 
and identify metabolite changes in endogenous biochemical 
reactions and identify metabolic pathways and processes occur-
ring within a living cell (Panopoulos et al., 2012; Bouhifd et al., 
2013; Ramirez et al., 2013).

Genetic manipulation and differentiation
Genetic manipulation is the direct manipulation of an organ-
ism’s genome or epigenome. This process may include the 
incorporation of new DNA, removal or silencing of a gene or 
group of genes, introduction of mutations or modification of the 
epigenome. Thereby, we can study the role of genes in diseases 
and other genetic pathways. Some of the most common tools 
used to perform genetic manipulation are zinc finger nucleases 
(ZFNs), meganucleases, transcription activator-like effector 
nucleases (TALENs), CRISPR and siRNA (see Section 4.9). 
All genetic manipulation requires quality controls through to 
the final stage of cell manipulation. Characterization of the cells 
must be done before and after genetic manipulation in order 
to identify any deleterious changes that may have occurred. 
Characterization and quality control of clonality is an important 
feature, see Section 4.9. 

The most prominent characteristic of pluripotent cells is their 
capacity to differentiate to different mature phenotypes repre-
senting each of the three germ layers. This characteristic may be 
assessed by a number of techniques but has yet to be standard-
ized (see Section 5.1). However, the generation of specific ter-
minally differentiated cell types for experimental work requires 
directed differentiation protocols. iPSCs and other multipotent 
or unipotent cells possess a genetic “memory” (see “Differences 
between iPSCs and ESCs” in Section 4.1). As mentioned be-
fore, cells may retain some epigenetic “memory” after repro-
gramming that may affect resulting cells after the differentiation 
process (Vaskova et al., 2013). Generally, banked cells are at 
P8-P10 and iPSCs derived from most of the commonly used 
foot-print-free methods (Sendai, episomal and modified mR-
NA) do show elimination of reprogramming factors. It is harder 
to prove complete absence of epigenetic memory; however, 
a cell line may be considered a good quality iPSC as long as 
transcriptome analysis and tri-lineage differentiation does not 
show bias.

4.2  In vitro culture conditions 
Cell and tissue culture environments differ in many respects 
from in vivo conditions (Hartung, 2007a). Different key el-
ements such as culture medium, supplements, culture-ware, 
incubator conditions, are controlled in vitro in order to simulate 
the in vivo situation as well as possible and feasible. In vitro 
differentiation does not completely “phenocopy” the in vivo cell 
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of human-pathogenic viruses, e.g., human immunodeficiency 
virus (HIV) or hepatitis C. Its use must be subject to the strictest 
quality controls, including documentation to demonstrate origin 
and viral safety.

Because of the disadvantages inherent in the use of animal 
and human sera, as well as animal welfare issues (Gstraunthaler, 
1999) and serum-induced spontaneous differentiation of iPSCs, 
there have been many attempts to find alternatives. In some 
cases, it is possible to use fully chemically defined media with 
appropriate hormones and growth factors (van der Valk et al., 
2004). A compilation of commercially available serum-free me-
dia was published recently5 (Brunner et al., 2010). A number of 
defined serum-free media are now manufactured specifically for 
PSC culture, e.g., E8, KODMEM, L7, Nutristem, PluriSTEM, 
StemPro, TeSR Tab. 5). 

Medium replenishment
The exhaustion or inactivation of essential nutrients in cell cul-
ture media and rising levels of acidic metabolites will inhibit 
cell growth and cell function and will ultimately cause cell 
death. Planning an appropriate procedure for medium replen-
ishment (e.g., frequency and volume of medium) and timely 
passaging (e.g., split ratio) is therefore essential. This should 
also be considered when using conditioned medium from one 
culture in an attempt to promote the growth of another.

Nutritional status of pluripotent stem cell cultures can be han-
dled by two basic modes of operation, i.e., batch cultures and 
perfusion cultures. Both processes are used mainly to scale-up 
2D planar cultures, where cell densities are a critical issue and 
sufficient numbers of cells cannot be generated by conventional 
2D planar cultures.

Batch culture refers to a partially closed system, in which most 
of the materials required are loaded into the bioreactor vessels, 
such as spinner flasks or single use bioreactor systems that are 
closed systems. Usually the only material added and removed 
during the course of batch culture is the gas exchange and pH 
control solutions. In a quality reactor, these conditions are sup-
posed to be controlled and uniform throughout the reactor at any 
moment, but many factors such as cell mass, nutrients, waste 
and accumulation of secreted factors change. Most critically, 
this kind of culture requires optimization of seeding and ter-
minal cell densities, aggregate size of the cultures, shear force, 
duration of cultivation process, and if microcarriers are used 
different versions should be compared to optimize cell density/
volume ratios with the media used. Specific disadvantages of 
batch-processing are down-time between batches, cleaning and 
sterilization processes associated with each bioreactor vessel 
that is to be used again.

In comparison to batch cultures, perfusion bioreactors allow 
culture of cells over much longer periods, by continuously per-
fusing the cells with fresh medium and removing spent medium 
(Whitesides, 2006). Ways to remove spent medium include per-

ing low and high molecular weight biomolecules with a variety 
of physiologically balanced growth-promoting and inhibiting 
activities. However, due to its complexity and to batch-to-batch 
variations, serum introduces unknown variables into a culture 
system and can interfere with its performance. Animal serum 
may be derived from adult, newborn or fetal sources. Bovine 
sera are most commonly used (Festen, 2007), and during the last 
few decades, fetal bovine serum (FBS) has become the standard 
universal growth supplement for cell culture media.

As the composition of serum is highly variable, it is important 
that each new serum batch should be evaluated in parallel with 
the in-use batch. A range of growth promotion tests can be used 
for this purpose, one of the most convenient and most widely 
used of which is the plating efficiency test (Freshney, 2000).

It may also be useful for individual users to define serum 
specifications that meet their particular needs, including the 
maximum acceptable levels of serum components, such as im-
munoglobulins (which may have inhibitory effects), endotox-
ins (indicative of bacterial contamination, but which may also 
be powerful cell mitogens), and hemoglobin (a toxic contami-
nant indicative of hemolysis during clotting in the production 
of the serum).

Animal sera are a potential source of microbiological contam-
inants, notably mycoplasma, bovine viruses, and possibly the 
prion agent, which causes bovine spongiform encephalopathy 
(BSE). Suppliers use a variety of techniques, including filtra-
tion, irradiation and heat-inactivation, to reduce microbial con-
tamination. Nevertheless, it is wise, and for some applications 
obligatory, to specify sourcing of serum from countries where 
there is a low risk of infection, and, in the case of bovine sera, 
from animals of less than 30 months of age. There is recognized 
guidance on risk assessment of potential sources of BSE (WHO, 
2013), which may cause variant Creutzfeldt-Jakob disease  
(vCJD) in humans4. 

The use of human serum is restricted to specialized applica-
tions, as it carries additional risks, such as the potential presence 

4 SaBTO - Advisory Committee on the Safety of Blood Tissues and Organs (2014). Donation of Starting Material for Cell-Based Advanced 
Therapies. London, UK: Department of Health. http://bit.ly/2gXXY3O
5 http://www.drhadwentrust.org/science-and-education/serum-free-media

Tab. 5: Critical components driving pluripotency 
in different PSC culture media

Medium Factors

Essential 8 (E8)	 TGF-β, FGF2

TeSR TGF-β, FGF2

L7 hPSC medium	 Not available

StemPro hESC medium	 Not available

PluriSTEM™ Human	 Activin-A, TGFβ1, and b-FGF 
ES/iPS medium	

Nutristem	 Proprietary growth factors 
and low FGF2

http://bit.ly/2gXXY3O
http://www.drhadwentrust.org/science-and-education/serum-free-media
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example, stem cells cultivated on mouse embryonic fibroblasts 
(MEFS) are typically dissociated with collagenase or trypsin. 
Stem cells cultured on other matrix coatings like Matrigel™ 
and Vitronectin™ may be more compatible with reagents like 
dispase or EDTA (ethylenediaminetetraacetic acid), respective-
ly. Dispase may require direct contact with cells to scrape them 
from the culture surface, while EDTA usually does not require 
scraping. If therapeutic-grade iPSCs are desired, it is important 
to consider the dissociation reagent more carefully to ensure 
it is synthesized in a way that is defined and ideally free of 
animal-derived components. The aforementioned reagents are 
best when splitting colonies as clumps, whereas trypsin is often 
selected to create single cell suspensions. In some conditions 
cell detachment may result in significant loss of cell vigor and 
viability, which may be reduced by the addition of Rho-associ-
ated, coiled-coil containing protein kinase (ROCK) inhibitors 
(Beers et al., 2012). However, the impact of routine use of 
ROCK inhibitors in culture media is yet to be determined in 
longer term passaging.

Passage characteristics
At each culture passage the majority of cells will have under-
gone at least one cell division. The number of times a culture is 
passaged should be recorded together with the split ratio (i.e., 
ratio of culture size before to after passage) and an estimate 
of the number of cell doublings to track the relative age of the 
cells in culture. High-passage cells typically double robustly 
and have minimal differentiation but are more likely to acquire 
genetic abnormalities as they adapt to ex vivo conditions. Early 
passage cells may exhibit less predictable growth rates and in-
creased potential for spontaneous differentiation. When newly 
derived after reprogramming, iPSCs at their earliest passages 
may demonstrate some residual carryover of the parental cells 
and/or differentiation. There may also be a range of different 
growth propensities between clones, especially if the original 
colony selected following reprogramming varied in size and/
or quality. Successive passaging and attention to lower split 
ratios typically brings cultures to a more predictable standard 
of maintenance.

The ability of cells to efficiently adhere and divide success-
fully (plating efficiency) is affected by a range of parameters 
including clump size after passaging, split ratio, intensity of 
the mechanical force used to break up cell clumps and growth 
conditions.

Determining the appropriate split ratio is of significant im-
portance, especially for low passage cells. Inappropriately high 
ratios can impose additional stress on cultures resulting in poor 
recovery, low attachment, and can potentially affect genomic 
stability. If stem cell clumps are not handled consistently, they 
cannot be counted and split properly. Standardized stem cell 
passaging can be achieved by defining the number of triturations 
(cell dispersion through mild pumping action with a pipette), 
the rate of liquid dispensing from the pipette and the proper 
evaluation of clump size among other factors. If cells become 
too diluted and/or are reduced to single cell suspensions, then 

fusion through the bioreactor via capillary fibers, membranes or 
carriers (“fixed bed” systems) or filtration systems that prevent 
cells being removed from the bioreactor with the medium or 
separating the cells from the medium by centrifugation. New 
perfusion technologies called high-density (HD) cell banking 
have been used in cell banks to produce large batches more 
quickly and cost-effectively while reducing the risk of contami-
nation (Tao et al., 2011) and allowing a higher level of automa-
tion of the process.

Conclusion
Any significant change in cell culture conditions can alter cell 
differentiation state and functionality; thus, exact definition and 
documentation of culture conditions is essential. Comparability 
studies, a concept used for human biological product regulation 
by FDA6, may be necessary when major process changes are to 
be implemented.

4.3  Handling and maintenance
Cell culture conditions have to be controlled in order to main-
tain cell viability. Cells should not be left outside incubators 
over prolonged periods of time. All the equipment used in the 
culture (such as incubators, microbiological safety cabinets, 
cryostorage systems) must be set up and used appropriately and 
maintenance protocols for cells should be established as Stan-
dard Operation Procedures (SOPs). Factors such as tempera-
ture, atmosphere and pH need to be controlled in order to obtain 
reproducible and quality cultures (Coecke et al., 2005). In the 
case of PSC, and specifically iPSC and ESC, some techniques 
differ from other culture methods. 

Cell detachment methods
For routine culture of iPSCs, passaging can be achieved using 
chemicals, enzymes or mechanical means to facilitate cell de-
tachment (Beers et al., 2012). The approach selected depends on 
the cell grade (e.g., research, manufacture, therapy), culture con-
ditions (e.g., growth medium, surface matrix), and current state 
of the culture (high/low passage, extent of differentiation, etc.).

Mechanical passaging, often referred to as “cut-and-paste”, is 
used when throughput is not of high concern or differentiation 
is notable. This involves selecting and propagating pluripotent 
cells by manually dissecting out areas of undifferentiated cells as 
colony fragments and transferring them to fresh culture plates, 
thus positively selecting stem cells. The opposite approach, 
known as negative selection, may be used where colonies are 
relatively small but are showing areas of excessive differenti-
ation. These differentiated areas are selected and removed by 
aspiration, enabling the undifferentiated cells to continue to 
proliferate. Either method is an effective way to “clean up” cul-
tures to leave predominantly undifferentiated stem cells. These 
alternatives are dependent on the proportion of differentiated 
cells and size of the colonies. 

Chemical or enzymatic passaging, in which the type of re-
agent selected often depends on what grade of manufacture 
is desired as well as the matrix used to support the cells. For 

6 http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm122879.htm

http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm122879.htm
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cryopreservation are available7,8,9,10. Thawing into different 
medium and/or matrix may impact growth kinetics and stability. 
For example, some iPSC or ESC lines are still maintained in 
the presence of feeder layers and thawing them into feeder-free 
conditions may lead to unexpected results. An extended time 
period post-thaw should be considered when evaluating the 
recovery of cells post thaw. An immediate assessment at thaw 
may lead to false conclusions about the integrity of the cells, 
which is not readily apparent until further culture. For example, 
cells may attach and appear completely viable but deteriorate 
after extended time in culture. Alternatively, a culture may ap-
pear sparse with low plating efficiency but expand with time 
while maintaining an undifferentiated state. 

4.5  Microbial, viral and cellular 
cross-contamination 
Cell culture contamination (e.g., bacteria, viruses, yeast and 
other fungi) can result in a loss of cell cultures, erroneous sci-
entific data and possible hazards to laboratory workers. Next to 
overt contaminations, micro-organisms with slow growth rates 
or that are resistant to antibiotics can go unnoticed and interfere 
in later studies. Immediate disposal of contaminated cultures 
is recommended to avoid contamination of other cultures. At-
tempts to eliminate contamination should only be performed if 
the culture is irreplaceable and, in that case, it should be handled 
under strict quarantine. 

GCCP requires minimizing the risk of microbial infection 
(Coecke et al., 2005). The stem cell-derived systems and 
complex models discussed here are prone to the same risks as 
any cell culture; however, the typically longer culture periods 
and extensive manual manipulations pose even larger risks of 
infection. Therefore, some general aspects are reiterated here. 
Cells intended for banking and processing must be tested for 
mycoplasma, bacteria, fungi, bovine viruses, porcine viruses, 
and human viral pathogens (FDA, 2007; Bickmore, 2001). 

Viral contamination
Viruses are the most difficult cell culture contaminants to detect 
due to their small size. A virus can be lytic (destroy host cells) 
or persistent (sub-lethal infection). Sometimes cell lines carry 
and express viral sequences without producing infectious virus 
particles. Mammalian genomes contain many retrovirus-like 
sequences, which are not overtly infectious. Such virus-like se-
quences are also observed at the RNA level in human and other 
cell lines (Coecke et al. 2005).

The main sources of viral contamination are primary cultures 
(such a feeder cells), cell lines, animal-derived culture reagents 
that cannot be sterilized (especially trypsin and serum) and the 
operator. Bovine serum is for example a potential source of Bo-
vine Virus Diarrhea Virus (BVDV) contamination and serum 
generally is sold as BVDV-tested. Contamination of cell lines 

medium supplemented with reagents such as ROCK inhibitors 
may be required to facilitate attachment and recovery.

An increasing number of facilities now successfully employs 
automated platforms capable of feeding, passaging, cryopre-
serving, and/or selecting colonies (Paull et al., 2015). Automa-
tion removes some of the variability inherent to manual culture 
and enables the maintenance of hundreds of clones in parallel.

Adaptation to new culture conditions
Transitioning PSCs from MEF co-culture to more defined con-
ditions depends on the given stem cell line to be transferred, be-
ing more difficult to change from MEF to feeder-free cultures. 
For example, an established line that has undergone multiple 
passages on MEFs can be successfully transitioned to Matri-
gel™ and defined medium within approximately 3-5 passages. 
Similar to newly derived iPSCs, successive passaging at the ap-
propriate ratios can minimize contaminating MEFs and support 
viable cell cultures.

Clone-to-clone variation is a topic that remains of interest and 
while there may be some inherent property differences between 
cell lines, the nature of culture conditions may also influence the 
ease of adaptation to new culture conditions. Post-adaptation 
growth rates may vary and may be influenced by the media and 
matrix selection and other factors such as splitting densities after 
passing from MEF co-culture to defined feeder-free conditions.

Use of antibiotics
As long as the appropriate facilities, equipment, sterile reagents 
and aseptic technique are employed, cell culture can be done 
successfully in the absence of antibiotics. It is recommended 
to reserve the use of antibiotics for special cases (e.g., culture 
of primary cells where contamination is highly likely, positive 
selection of recombinant cells by an antibiotic) and to routine-
ly screen for contaminants like mycoplasma. Antibiotics like 
penicillin and streptomycin are often used across laboratories 
to minimize risk but may simply mask more significant forms 
of contamination such as mycoplasma. Cell banks should be 
subject to some form of “sterility test” for bacteria and fungi 
as some such contaminants may not be evident during routine 
passaging simply by observation of antibiotic-free cultures.

4.4  Cryopreservation
Vials representative of a reasonable percentage of the overall 
cryopreserved material should be thawed in order to evaluate 
the quality of the cryopreservation of a bank of cells (see Sec-
tion 5.4). For example, cells can be harvested and pooled from 
multiple vessels or pooled and banked from one culture vessel 
at a time. In addition, it is important to consider the culture con-
ditions used prior to cryopreservation when obtaining stocks 
of iPSCs from a laboratory because it can impact judgment on 
the quality of the clones. A number of advisory websites for 

7 https://www.thermofisher.com/us/en/home/references/gibco-cell-culture-basics/cell-culture-protocols/cryopreservation-of-mammalian-
cells.html
8 http://www.sigmaaldrich.com/technical-documents/protocols/biology/cryopreservation-of.html
9 https://www.atcc.org/~/media/PDFs/Cryopreservation_Technical_Manual.ashx
10 https://unclineberger.org/research/core-facilities/tissueculture/general-protocol-for-the-cryopreservation-of-mammalian-cells

https://www.thermofisher.com/us/en/home/references/gibco-cell-culture-basics/cell-culture-protocols/cryopreservation-of-mammalian-cells.html
https://www.thermofisher.com/us/en/home/references/gibco-cell-culture-basics/cell-culture-protocols/cryopreservation-of-mammalian-cells.html
https://www.thermofisher.com/us/en/home/references/gibco-cell-culture-basics/cell-culture-protocols/cryopreservation-of-mammalian-cells.html
http://www.sigmaaldrich.com/technical-documents/protocols/biology/cryopreservation-of.html
https://www.atcc.org/~/media/PDFs/Cryopreservation_Technical_Manual.ashx
https://unclineberger.org/research/core-facilities/tissueculture/general-protocol-for-the-cryopreservation-of-mammalian-cells
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in color of the indicator. Under a low-power microscope, bac-
teria appear as tiny, moving granules between the cells, and 
observation under a high-power microscope can resolve the 
shapes of individual bacteria. However, visual observation of 
cultures may not always reveal low level contamination and it is 
recommended to perform regular inoculation of bacteriological 
and fungal growth media of samples from cell banks. Contami-
nation is most effectively avoided with good aseptic techniques, 
correct use of class II biological safety cabinets (BSC II) and 
maintenance of a clean and tidy cell culture laboratory. The 
use of antibiotics in culture medium may be necessary during 
derivation of cell lines, but is not recommended for preparing 
cell banks and for routine use as it affects cell physiology and 
induces a false feeling of safety.

In general, from a laboratory safety perspective, it is rec-
ommended that end users should request documentation from 
the supplier on testing for contamination with serious human 
blood-borne pathogens as identified in the relevant guidance 
documents (Andrews et al., 2009).

Cross-contamination 
Cross-contamination is the contamination of the cell culture 
of interest with other cell lines. There are strong demands on 
researchers to generate large numbers of iPSC lines. This chal-
lenge could create a legacy of large numbers of unqualified cell 
lines if demand and the required steep learning curve do not 
meet. Cross-contamination or creation of a significant number 
of lines that turn out not to have pluripotent potential can occur 
if the appropriate quality controls are not applied. It could take 
decades to resolve any ongoing issues from published work on 
misidentified or contaminated lines alone (Stacey et al., 2013). 
Certifying cells, and appropriate good cell culture practice min-
imize the risk of cross-contamination. 

4.6  Reprogramming and cell line derivation
Various primary cell types have been successfully used for so-
matic reprogramming (Raab et al., 2014). Fibroblasts derived 
from skin punches have been the primary choice of somatic 
cells but blood has emerged as an appealing alternative. Periph-
eral blood mononuclear cells or specific blood cell types such 
as T cells and CD34+ cells have been used for iPSC generation 
(Loh et al., 2009; Serwold et al., 2007; Merling et al., 2013; Ye 
et al., 2013). Recently a single drop of blood was successfully 
reprogrammed (Tan et al., 2014), indicating a trend towards 
smaller volumes and minimal manipulation. 

Methods for reprogramming
The method selected to initiate reprogramming is a delivery 
system to shuttle previously defined transcription factors into a 
somatic cell to initiate reprogramming. A range of transcription 
factors has been used with Oct4 and Sox2 being most crucial 
and any combination of others like C- or L-Myc, Klf4, Lin-28 
and Nanog. Delivery systems include Retro/Lentivirus, Sendai 
Virus, mRNA, piggybac, and episomal-based approaches (Yu et 
al., 2007, 2009; Shi et al., 2008; Mack et al., 2011; Woltjen et al., 
2009; Stadtfeld et al., 2008). These methods may be performed 

with BVDV may cause slight changes in growth rate but this 
virus is non-cytopathic and microscopic changes in the culture 
will not be detected. 

 The common viral pathogens tested in cells intended for 
banking, as per ISCBI guidance, are: hepatitis C, human im-
munodeficiency virus (HIV), human T-lymphotropic virus 
(HTLV) I/II, Epstein-Barr virus (EBV), human cytomegalo-
virus (hCMV), human papillomavirus (HPV), herpes simplex 
virus (HSV), and human herpesviruses (HHVs). This is done 
to avoid risk of exposing laboratory workers and to exclude the 
possible impact that viruses can have in the cultures. The risk 
of more likely but less serious viral contaminants should also be 
considered4, although comprehensive screening for all possible 
viruses would be impracticable from a cost perspective. Next 
generation sequencing offers a potential means of comprehen-
sive virus screening but has yet to be adequately standardized 
for wide use. 

Mycoplasma contamination
Mycoplasma is a prokaryotic organism that is a frequent con-
taminant of cell cultures. This organism can modify many as-
pects of cell genetics and physiology, including cell growth, 
metabolism, morphology, attachment, membranes and it can 
induce cytopathic effects such as plaque formation (Lincoln 
and Gabridge, 1998). Its small size and lack of a cell wall 
allows mycoplasma to grow to very high densities in cell cul-
tures often without visible signs of contamination, pH change 
or even cytopathic effects. Mycoplasma has the ability to alter 
virtually every cellular function and parameter, making such 
contamination devastating for cultured cells (Lincoln and Ga-
bridge, 1998). Mycoplasma are resistant to common antibiotics 
because they lack cell walls and may pass through standard 
filters (> 0.1 µm) used when making cell culture reagents (Chi, 
2013). The detection of mycoplasma requires extensive labo-
ratory cleaning and disposal of all materials currently in use in 
the culture. Mycoplasma contamination can thus pose a seri-
ous biological and financial risk. Therefore, it is paramount to 
evaluate the potential risk of passing cultures between different 
facilities and to institute a routine screening process (Young 
et al., 2010). Standardized screening practices for mycoplas-
ma detection are preferred as the range of different available 
assays produces variable results and conclusions (Nubling et 
al., 2015).

Unfortunately, even with the advances in detection methods 
mycoplasma infection rates have not changed noticeably since 
they were first found in cell cultures. Strict management against 
mycoplasma contamination must be the central task for any cell 
culture laboratory contamination and quality control program.

Bacterial contamination 
Bacterial contamination can arise from a variety of sources in 
the laboratory environment, such as water bath, fridges, sinks, 
etc., and the operator. It is often easily detected within a few 
days of infection by visual inspection of the culture. Infected 
cultures usually appear cloudy (i.e., turbid) and a sudden drop in 
the pH of the culture medium is frequently observed as a change 
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termine the likelihood that the cells at hand are actually clonal. 
It is much simpler to evaluate genome integrity from a clonal 
cell line than from a mixed cell line. In this way, several clonal 
cell lines can be tested to confirm a phenotype arising from a 
patient’s unique genotype. 

Some protocols call for pooling iPSCs at the end of repro-
gramming, then expanding them for banking. In this scenario, 
it cannot be discerned whether the banked clone represents a 
polyclonal or monoclonal population. Alternative methods rely 
on multi-well plating strategies and/or cell sorting to increase 
the probability of expanding and banking clonal populations.

It is difficult to draw conclusions when making assessments 
across lines derived by different methods and from different 
tissue types. When generalizing conclusions from experimental 
results, it is important to be sure the stem cells discussed have 
been derived from the same starting material and handled in 
similar culture conditions to minimize the number of variables 
that contribute to the analysis.

4.7  Differentiation
The reference method for verifying pluripotency potential is 
the teratoma assay. However, these tests are costly, time con-
suming, present some reproducibility problems and require 
special expertise (see appendix in Andrews et al., 2009, and 
further information in Sections 5.1 and 5.6). The need for the 
assay has been challenged (Buta et al., 2013) and alternatives 
are emerging.

Embryoid body (EB) formation now is commonly used to ver-
ify pluripotency of human ESCs and iPSCs by assessing the ex-
pression of specific genes and proteins characteristic of the three 
germ layers (De Miguel et al., 2010; Sathananthan and Trounson, 
2005; Trounson, 2006; Pistollato et al., 2012). Amongst these, 
analyses of SRY (Sex Determining Region Y)-box 1 (Sox1), 
paired box 6 (Pax6), neural cell adhesion molecule (NCAM) and 
neuroectodermal stem cell marker (Nestin) might be suitable to 
characterize ectodermal commitment; α-fetoprotein, cytokera-
tins, somatostatin, bone morphogenetic protein 4 (BMP4), GATA 
binding protein 4 (GATA4) and hepatocyte nuclear factor-4 are 
commonly expressed in the endoderm; brachyury, α-cardiac ac-
tin, and the atrial natriuretic factor are expressed at the mesoderm 
level, as reviewed by Pistollato et al. (2012). 

Additionally, hESCs and hiPSCs can be differentiated to-
wards specific lineages by means of defined differentiation 
protocols, applying a wide range of differentiation media, ma-
trices (Nagaoka et al., 2015; Tsai et al., 2015), scaffolds (Chen 
et al., 2015), in some cases the modulation of oxygen tension 
in vitro (Millman et al., 2009), and the use of suspension (e.g., 
matrix-free, 3D) culture conditions with small molecules/
pathway modulators (Chen et al., 2015; Kempf et al., 2015). 
Importantly, monolayer/2D and suspension/3D cultures may 
show significant differences in biology and responses of differ-
entiated cells (Bose and Sudheer, 2016; Ruan et al., 2015). In 
order to design reproducible differentiation protocols, defined 
media and matrix components should be preferentially used, 
avoiding elements that may introduce uncontrolled variables, 
such as serum and co-culturing conditions.

alone or in combination with additional factors, such as small 
molecules, to enhance the efficiency of reprogramming.

Retroviruses and lentiviruses typically demonstrate the high-
est efficiencies compared to other methods of reprogramming 
but require host cell integration to be effective. Non-integrating 
modes of reprogramming, however, are preferred to minimize 
disruption of the host genome and facilitate progress towards 
therapeutic use.

 Sendai virus replicates through an RNA intermediate making 
integration an unlikely event. As the iPSCs are passaged, the 
viral RNA will be lost over time. Elimination and/or silencing 
of reprogramming vectors should be confirmed by a sensitive 
method such as qPCR. 

Methods involving oriP-based plasmids are equipped with 
features extracted from the Epstein-Barr Virus and contain both 
the origin of replication (oriP) and encode the transcript for Ep-
stein-Barr nuclear antigen 1 (EBNA1). Plasmids are stable, eas-
ily scalable, and amenable to GMP-grade manufacture, making 
them a desirable choice for reprogramming for therapeutic ap-
plications. Furthermore, only a single transfection is required to 
obtain iPSCs. The oriP-based components assist in maintaining 
plasmids within transfected cells until innate gene expression 
initiates. The plasmids replicate extrachromosomally and will 
eventually be lost as iPSCs are passaged. 

The messenger ribonucleic acid (mRNA) based approach 
involves in vitro transcribed mRNAs and bypasses the concerns 
of genome integration. Cultures must be supplemented to limit 
stimulation of the immune response to foreign nucleic acids. 
However, mRNA is not as stable as plasmids and, therefore 
requires multiple transfections to be effective. Self-replicating 
mRNA overcomes this constraint, requiring fewer transfections 
of mRNA (Yoshioka et al., 2013), but its consistency of success-
fully reprogramming across various samples is still untested. 

iPSC generated using integrating retroviral vectors and non-
integrating Sendai virus and synthetic mRNAs show that none 
of these methods lead to significant mutations (Bhutani et al., 
2016), suggesting that current methods of generating iPSC are 
less prone to generating genetically unstable and potentially 
malignant cell types.

The definition of success of reprogramming is variable and 
should be considered more carefully if method selection de-
pends on it. For example, efficiency may be calculated based on 
the amount of host tissue or total cell numbers (e.g., iPSCs per 
input cell number and/or per ml of blood). In a high-throughput 
setting, however, success may be determined by the number 
of donors needed to successfully yield a specified number of 
clones. For example, up to 3 clones may be sufficient to meet 
the deliverables if attempting to generate iPSCs across hundreds 
of donors. Therefore, it is important to clarify the definition of 
success and identify what is the target goal.

Challenges
There is general interest in understanding not only the do-
nor-to-donor variability across clones but also clone-to-clone 
variability from the same donor. If clonality is of importance, 
then it is key to understand how the iPSCs were derived to de-
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to modify specific genes in cells. There are 4 main families of 
(engineered) nucleases used for this purpose:
1. Zinc finger nucleases (ZFNs) are generated by the fusion

of zinc finger DNA-binding domain to a DNA-cleavage
domain. ZFN can target specific DNA sequences in a very
efficient manner in complex genomes.

2. Transcription Activator-Like Effector Nucleases (TALENs)
are generated by fusing a TAL effector DNA-binding do-
main to a DNA cleavage domain. The combination of engi-
neered TALEN with a DNA cleavage domain can be used
for genome editing in situ.

3. CRISPR/Cas system is a prokaryotic immune system with
two novel features: CRISPRs (short palindromic repeats)
confer resistance to foreign genetic elements such as plas-
mids and phages and Cas proteins recognize and cleave
foreign genetic material.

4. Meganucleases are large recognition site endodeoxyribonu-
cleases. They are divided into 5 families based on sequence
and structure motifs: LAGLIDADG, GIY-YIG, HNH,
His-Cys box and PD-(D/E)XK (Orlowski et al., 2007; Zhao
et al., 2007, 2014). Meganucleases have been used for
many years to replace, eliminate or modify sequences. Their
recognition sequence can be altered through protein en-
gineering (both on a small and large scale) to change the
targeted sequence.

Gene-editing is commonly used to generate reporter cell lines. 
Reporter genes are artificial sequences introduced into an or-
ganism to create a property of interest, normally easy to iden-
tify and to measure (e.g., GFP, luciferase). Reporter cell lines 
commonly combine a reporter gene and gene of interest with 
the same promoter. In this form, due to the same transcriptional 
gene activation, it allows easy quantification or detection of 
the expression of genes of interest. Reporter cell lines can be 
used to study specific genes and monitor cell differentiation in 
PSC; therefore, these lines have been used in a wide variety of 
studies (Wu et al., 2016; Lai et al., 2016; Zhang et al., 2016). 
It should be noted that genetic modification of stem/progenitor 
cells can alter their biological properties and differentiation 
characteristics. For that reason, it is recommended to charac-
terize polyclonal parental properties in multiple clones in order 
to obtain the desired cells12. It is important to assess phenotypic 
homogeneity and mature cell phenotype11 and also to check that 
the culture does not already contain the gene-edited sequences 
without presence of the target sequence. 

5  Principle 2: Assurance of the quality of all 
materials and methods, and of their use and 
application, in order to maintain the integrity, 
validity, and reproducibility of any work conducted 

5.1  Cells and tissues 
A laboratory should have specific protocols or SOPs for the re-
ceipt of new or incoming cells and tissues, and for the handling, 

It is important to consider that methods of passaging and 
culturing undifferentiated PSCs may impact their differentia-
tion efficiency (Pistollato et al., 2012) and that a transcription-
al memory of the cells of origin may be retained in iPSCs at 
low-passages, which may affect their propensity to differentiate 
into specific lineages (Ohi et al., 2011).

4.8  Microphysiological systems and 
organ-on-a-chip technologies 
Scientists have long tried to reproduce biological functions in a 
dish in order to understand the molecular mechanisms involved 
in toxic and disease processes. However, it is very challeng-
ing to simulate the complexity of the in vivo situation in vitro. 
Recently, the development of more organo-typical cell cultures 
(Alepee et al., 2014; Marx et al., 2016) has enabled the genera-
tion of more complex models to study human toxicity and dis-
ease. These models are often called microphysiological systems 
(MPS) (Andersen et al., 2014). MPS are three-dimensional (3D) 
cultures and co-cultures of more than one cell type that mimic 
the function of a tissue or organ (Alepee et al., 2014). In many 
cases, MPS are presented together with other new technologies 
such as microfabrication, microfluidics, microelectronics and/
or biomaterials, calling this combination organ-on-a-chip tech-
nologies. Because these new systems aim to create models that 
better predict the human response, they often employ iPSC. 

Some research initiatives, such as the projects initiated by the 
National Institutes of Health, the US Food and Drug Admin-
istration (FDA) and the Defense Advanced Research Projects 
Agency (DARPA) to develop human-on-a-chip tools to assess 
the safety and efficacy of countermeasures to biological and 
chemical terrorism and warfare (Hartung and Zurlo, 2012) and 
the European project to address the long-term strategic target 
of “Safety Evaluation Ultimately Replacing Animals Testing” 
(SEURAT-111 ) have promoted the fast rise of these new culture 
systems. The uses of novel 3D in vitro models are emerging in 
parallel in different areas (such as regenerative medicine, dis-
ease studies, drug discovery, toxicology). However, there are 
still many challenges to overcome, not only with regard to the 
generation of the in vitro models but also in linking to the novel 
bioengineering technologies. The main challenges are: 1) Lack 
of detailed understanding of some human organs and tissues, 
2) complexity of protocols, 3) expensive technologies, 4) re-
quirement of precise cellular manipulation, 5) reproducibility
of the systems.

4.9  Gene-editing and gene reporter lines
Gene-editing consists of the use of artificially engineered nu-
cleases to insert, replace or remove parts of the cell genome,  
often introducing exogenous DNA. These technologies are 
common tools used to study gene and protein function by de-
letion or silencing of specific genes. After DNA damage, cells 
can be repaired through two mechanisms: nonhomologous end 
joining (NHEJ) and homologous recombination (HR). Mod-
ern gene-editing technologies use these natural mechanisms 

11 http://www.seurat-1.eu
12 https://eurl-ecvam.jrc.ec.europa.eu/about-ecvam/archive-publications/publication/hESC_%20010711.pdf (last accessed 23 Nov 2015)

http://www.seurat-1.eu
https://eurl-ecvam.jrc.ec.europa.eu/about-ecvam/archive-publications/publication/hESC_%20010711.pdf
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Investigation (FBI) Laboratory has selected 13 independently 
inherited core STR loci for use in CODIS, the national US DNA 
databank (Budowle et al., 1998). ISCBI recommends using the 
core 13 loci from the field of forensics for stem cell identifi-
cation without providing specifics on the number of loci to be 
used (Xu et al., 2013). There is also an ANSI standard for per-
formance of STR profiling9.

b) Karyotype
Certain mutations may confer a growth advantage and result
in abnormal cells under certain conditions, thus necessitating
regular confirmation of normal karyotype although this alone
would detect more subtle changes (ISCBI, 2012). ISCBI guide-
lines (ISCBI, 2009) for release criteria of banked lines are
based on best practices in clinical cytogenetics and recommend
G-banding (Bickmore, 2001; Loring et al., 2007) and counting
at least 20 metaphase spreads with greater than 95% of the cells
confirmed to possess normal karyotype. Recent studies have
employed higher resolution analyses, such as comparative ge-
nome hybridization (CGH) microarrays, single nucleotide poly-
morphism (SNP) arrays and whole genome sequencing (Cheng
et al., 2012; Elliott et al., 2010, 2012; Gore et al., 2011; Hussein
et al., 2011; Maitra et al., 2005; Martins-Taylor et al., 2011).
Next-generation sequencing can be used to achieve nucleotide
level resolution. These higher resolution genomic methods
provide a lot of data but are yet to be routinely used as it is
not yet defined what differences may constitute a threat to cell
safety for cell therapy applications or impact on reproducibility
of research (Kleensang et al., 2016). Given the complexity of
these methods, current guidelines by ISCBI (2009) recommend
the use of G-banding. It is also wise to check genetic stability
by a suitable method every 5-10 passages. While these methods
may emerge as valuable for clinical-grade cells, their routine
use has been hindered by the costs and complexity associated
with these methods.

c) HLA analysis
There has been a recent trend towards the development of HLA 
haplotype banks of clinical grade PSCs that address the needs
of the majority of the population within a geographical location,
while minimizing risk of allograft rejections (Gourraud et al.,
2012; Nakatsuji et al., 2008; Taylor et al., 2012; Zimmermann
et al., 2012). There are many commercially available assays for
low-resolution typing that are generally faster and cheaper or
for high-resolution typing with an extended set of molecular
assays to characterize the alleles in more detail. ISCBI recom-
mends performing HLA-typing, but does not prescribe specific
guidelines on the resolution and loci that should be used for
PSCs. Hematopoietic stem cell transplantations involve high
resolution (Petersdorf, 2008) while solid organ transplants on-
ly require low resolution typing (Johnson et al., 2010; Opelz
and Dohler, 2007, 2010). PSC HLA haplotype banks currently
utilize low resolution typing (Gourraud et al., 2012; Nakatsuji

maintenance and storage of all cells and tissues, with regular 
monitoring for compliance. The following are among the fac-
tors to be considered:
– viability, growth rate, passage number and/or population

doubling;
– morphological appearance, marker expression;
– functionality, differentiation state;
– performance controls specific to the application;
– contamination and cross-contamination, authenticity.
For stem cells, several assays are utilized to confirm functional
pluripotency via confirmation of marker expression and tri-lin-
eage differentiation potential (summarized in Tab. 3 and see
also Section 4.9). Besides in vivo teratoma formation or (though
rarely used) chimera formation in embryos after injection into
mouse embryos, none of the in vitro tests are definitive on their
own and therefore they are often done in combination or as a
panel of tests. However, the utility of teratoma assays as the
“gold standard” is questioned with rising popularity of alternate
low-burden, high-throughput molecular methods (Buta et al.,
2013). There is only one experimental test that could be claimed
to “verify pluripotency” and that is the germline complementa-
tion test, which can be done in mouse but the equivalent human
test is not ethically acceptable and illegal in many countries.
There are challenges (e.g. expensive, more complex) with the
alternate approaches too, given the wide variety of analysis plat-
forms, including next generation technologies like RNASeq,
ChIP-Seq and whole genome bisulfate sequencing. Resources
such as Embryonic Stem Cell Atlas13 (from Pluripotency Evi-
dence (ESCAPE) database that compiles published high-con-
tent data on human and mouse ESC), eagl-i14 and the European
Database of Pluripotent Human Stem Cell Lines15 are important
resources. The ultimate application of these assays in a regula-
tory context is the standardization and ultimate acceptance of
large-scale datasets (Buta et al., 2013; Xu et al., 2013).

Additional tests, such as cell line-identification, karyo- and 
HLA-typing, and microbial testing all ensure the safety and 
quality of the cells. In general, a combination of several of these 
tests is carried out for both research-grade and clinical grade 
cells, albeit with greater rigor in the latter case. 

Additional tests
a) Cell line identity
As stem cells are generated from diverse sources and condi-
tions, it is extremely important to confirm the identity of the
cell line, since any switching or cross-contamination can have
adverse effects, especially for clinically relevant samples (Mar-
kovic and Markovic, 1998; Nelson-Rees et al., 1981; Stacey,
2000). In order to accurately identify cell lines, analysis of
highly polymorphic DNA sequences via DNA fingerprinting
is commonly employed (Thompson et al., 2012). The highly
polymeric short tandem repeat (STR) loci are amplified using
PCR and the products analyzed at high resolution through cap-
illary gel electrophoresis (Butler, 2006). The Federal Bureau of

13 http://www.maayanlab.net/ESCAPE/
14 https://www.eagle-i.net/
15 https://www.hpscreg.eu/

http://www.maayanlab.net/ESCAPE/
https://www.eagle-i.net/
https://www.hpscreg.eu/
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mercially and suppliers should supply relevant quality control 
documentation (Tab. 6).

The GCCP task force report introduces laboratory user re-
sponsibilities and the appropriate procedures necessary for the 
purchase, installation, commissioning, correct use, performance 
monitoring and maintenance (Coecke et al., 2005). These proce-
dures are identical for in vitro PSC culture conditions.

European norms and ISO standards can be adopted for these 
areas, and in some cases compliance may be a legal requirement 
(for example, for pressurized gases, such as carbon dioxide/air 
for cell cultures, where there are ISO standards and national or 
regional regulation for the gases, and safety standards for the 
cylinders and pressure regulators).

5.3  Handling and maintenance
It is important to consider the culture workflow, especially 
when carrying multiple ESC or iPSC lines. This includes pas-
saging formats, split schedule, and determining how culturing 
vessels will be labeled and maintained (see Section 4.3). These 

et al., 2008; Taylor et al., 2012; Zimmermann et al., 2012) but 
further guidelines may emerge as more cells enter the clinical 
space. Specific requirements for such testing to enable immuno-
logical matching will be subject to regional variations in haplo-
type incidence and may also need to include analysis for other 
types of polymorphic cell surface molecules. 

d) Mycoplasma and microbial testing
To avoid the alteration of cell behavior as well as to safeguard
researchers and patients, cells are continually tested for sterility
and for mycoplasma (Weber, 2006). At minimum, it is recom-
mended to screen for mycoplasma at cell receipt, establish a
regular testing interval (optimally every 3 months) and perform
daily observation (see 1.5 and 2.5).

5.2  In vitro culture conditions 
In vitro culture conditions require quality control of the media 
and supplements; however, this is time-consuming and expen-
sive. Nevertheless, most of these materials are obtained com-

Tab. 6: Assessment of the quality of reagents used in PSC

Reagent 

Serum 

Defined media  
(e.g., mTeSR, Essential 8)

Supplements  
(e.g., B27, Stempro)

Growth factors 
(e.g., EGF, FGF)

Detachment solution  
(e.g., Accutase™, 
Gentle Cell Dissociation 
Reagent™)

Surface coating 
(e.g., Matrigel™, 
Vitronectin™)

Parameter 

Sterility testing

Physical and biochemical analysis 
including endotoxin testing and 
mycoplasma

Functional testing

Sterility testing

Physical and biochemical analysis 
including endotoxin testing

Functional testing 

Sterility testing 

Physical and biochemical analysis 

Functional testing 

Sterility testing 

Physical and biochemical analysis 

Functional testing 

Sterility testing 

Physical and biochemical analysis 

Functional testing

Sterility

Physical and biochemical analysis

Functional test

Quality assessor 

Supplier

+

+ 

+ (general)

+

+ 

+ (general)

+

+

+ (general)

+

+

+ 

+

+

+

+

+

+

End user

+ (specific, e.g., plating efficiency)

+ (specific, e.g., growth of in-house
 cell line)

+ (specific tests added for defined
media)

+ (difficult to assess but testing
new batches with in-house cells
may be helpful)

+

+

+

+
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has demonstrated benefit when thawing cells by improving 
plating efficiency (Rizzino, 2010). However, it is best practice 
not to use these reagents in lieu of standardization of culture 
conditions. 

Method
A commonly accepted method for handling cryopreservation 
of iPSCs and ESCs is a slow freeze and rapid thaw approach 
using a cryoprotectant (e.g., 10% DMSO) while vitrification 
(e.g., high levels of cryoprotectant and very rapid freezing) has 
also been applied (Hunt, 2007; Ji et al., 2004; Heng et al., 2005; 
Ware et al., 2005; Holm et al., 2010). When done properly, both 
approaches can result in successful cryopreservation. Cryopre-
served cells may demonstrate a wide recovery range post thaw 
that can be improved by using a controlled-rate freezer (Ware et 
al., 2005) to create a more reproducible cooling rate and thus a 
more reliable recovery. Such devices can maintain temperature 
cooling rates ranging from 0.3 to 5°C per minute (depending 
on the method used). Alternatives are simple passive freezing 
devices (e.g., Mr Frosty, Biocell) stored in a -80°C freezer over-
night before transferring vials to a liquid nitrogen (LN2) tank.

Cryoprotective agent (CPA)
Careful consideration of the CPA is important to maximize cell 
recovery following the osmotic effect at the time of addition and 
elution from cells. An equilibration phase is recommended upon 
CPA addition while considering temperature, concentration, and 
time to minimize toxicity (Andrews et al., 2015). For an expla-
nation of the cryopreservation process see Stacey et al. (2017). 

Storage
Vapor-phase liquid nitrogen is recommended for storage as it 
minimizes the risk of cross-contamination and hazards associat-
ed with pressure build up when liquid nitrogen seeps into leaky 
cryovials. Electric freezers which maintain storage at < -100°C 
are also used but often require LN2 or “cardice” emergency 
backup. Storage at -80°C is suitable for short term storage or 
shipment (i.e., on “cardice”) of cryopreserved cells but vitrified 
cells will usually devitrify at this temperature and rapidly lose 
viability. Long-term storage at -80°C is not recommended as it 
may lead to progressive loss of viability. 

Pre/post-harvest evaluation
An extended culture period post-thaw is recommended to evalu-
ate the recovery of cells. An immediate assessment at thaw may 
lead to false conclusions about the competency of the cells to 
replicate that may not be readily apparent until further culture, 
see Section 4.4. Recovery is also dependent on the procedure 
used to thaw vials. Employing devices that enable consistency 
upon thaw is preferred. 

Record keeping/tracking 
To ensure accurate tracking of passage number, it is important 
to determine how an organization assigns passage numbers as 
interpretations differ. For example, some laboratories will note 
the passage number at the time of cryopreservation then add a 

steps become increasingly important when culturing multiple 
clones from multiple donors in multi-well plates. Each labo-
ratory should evaluate solutions that work best to minimize 
cross-contamination. For example, it is advisable to maintain 
clones from only one donor on one plate at a time where fea-
sible rather than clones from multiple donors on one plate. A 
segregation system across incubators allows better tracking of 
material. Barcode labeling and colorimetric labelling may help 
to track cultures. When receiving iPSCs or ESCs, understand-
ing what measures are in place in the laboratory of origin can 
provide insight into the magnitude of risk and the quality of 
the lines received.

Both qualitative and quantitative assessments may be made 
to determine the quality of iPSCs. Naturally, qualitative assess-
ments are difficult to standardize but are required when colonies 
are passaged in clumps. Qualitative assessments include obser-
vations based on confluency, plating efficiency, and the general 
appearance of the culture. Cultures are typically passaged when 
they have reached roughly 70-85% of the cell culture surface 
area, although it should be recognized that evaluation of con-
fluency may vary between labs and between individuals in the 
same lab (Stacey et al., 2016). A culture is considered relatively 
healthy when there are few or no signs of cell death, peeling 
from the culture surface or contamination by visual inspection. 
A predictable growth rate is also anticipated when a culture is 
maintained at a consistent split ratio and passaging occurs at 
regular intervals. More quantitative parameters can be imple-
mented by assessing viability and growth rates based on cell 
counts and live/dead staining during maintenance.

Karyotypic instability may arise for a number of reasons in-
cluding time in culture, stressful passaging techniques, and the 
nature of the source material among other factors. If cultures 
representing different donors are maintained in parallel, it is 
important to consider the possibility of cross-contamination 
(see Section 5.1). Therefore, a periodic screen for karyotype (or 
an equivalent molecular assay) and identity are paramount to 
ensure the identity of the cells. A more extensive evaluation of 
the gene expression profile and pluripotent capacity of the cells 
can also be employed periodically to confirm the quality of the 
iPSCs and ESCs in culture.

5.4  Cryopreservation
Cells and tissues are banked and stored by cryopreservation. 
They are diluted in a cryoprotectant solution before freezing. 
The freezing, storage and recovery process has a number of 
key technical elements that should be considered, such a type 
of cryoprotectant, additives, cooling rate, storage conditions 
or recovery methods (Coecke et al., 2005; Stacey et al., 2016). 
However, due to the specific characteristics of pluripotent stem 
cells, some processes need special attention. 

Biological considerations
The quality of the culture prior to cryopreservation plays a crit-
ical role and cultures selected for preservation should have low 
levels of differentiated cells, high viability and optimal growth 
rate (i.e., exponential phase). The addition of ROCK inhibitors 
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working with tissue or cells from humans or other primates to 
avoid possible transmission of viral infections (HIV, hepatitis B, 
Epstein-Barr, simian herpes B virus, among others), therefore 
the cells and all cell culture reagents should be purchased from 
certified sources only. Sendai virus has been used as a repro-
graming vector for iPSC. Sendai virus does not integrate into 
the genome. Although, there is no known human pathology for 
Sendai virus, infection can be produced in humans via aerosol 
and contact. Therefore, workers require adequate protection 
(BSL-2). However, strains used for reprogramming are deficient 
in the expression of fusion protein and should not be capable of 
spreading infection. 

Cross-contamination 
With the progress made in karyotyping methods it became 
apparent that some cell lines are cross-contaminated by cells 
even of other species. Human cell lines are most frequently 
contaminated by HeLa cells but also by a number of other 
rapidly growing cell lines. Often the invading cells are better 
adapted to the culture conditions and grow faster than the orig-
inal cells. Because of the morphological similarities of iPSC 
and ESC lines, it is impossible to rely only on microscopic 
observations to screen for cross-contamination of cultures, 
particularly when growing a number of lines simultaneously 
(Pistollato et al., 2012). 

DNA profiling (fingerprinting) should be carried out such as 
a short tandem repeat method, and the International Stem Cell 
Banking Initiative (ISCBI, 2009) guidance recommends that 
key profile loci should be shared between the stem cell bank 
and researchers in order to enable detection of cross-contami-
nation while not releasing full profiles into the public domain, 
as these may permit identification of donors (Andrews et al., 
2009) by testing cell bank samples using standard method-
ologies. Publication of full STR data places donors at risk of 
de-anonymization (ISCBI, 2012; Isasi et al., 2014) and the 
ANSI standard for STR profiling recommends that limited 
STR allele information should be shared to permit resolution of 
instances of cross contamination. 

Mycoplasma contamination
Pharmacopoeia tests for these organisms have been established 
including broth/agar culture, assays for mycoplasma-character-
istic enzyme activities, and DNA staining. For such industry 
standards sensitivity of detection should be defined and the test-
ing regime used should also identify contamination with strains 
that will grow in cell culture only. A combination of methods 
is often recommended to achieve these requirements. However, 
such techniques require from several days (cell culture inocula-
tion and DNA stain) up to three weeks (broth culture) incuba-
tion for a final result. 

Commercial kits (including RT-PCR) are available to rapidly 
monitor for mycoplasma. Nucleic acid amplification is emerg-
ing as an alternative to the established official mycoplasma test 
methods for assurance of biopharmaceutical product safety. 
Since 2007, European Pharmacopeia (Sec.2.6.7) provides guid-

passage when thawing to account for the doubling. Other labo-
ratories might note an additional passage when freezing rather 
than after thawing cells. Ideally, cell numbers should be deter-
mined at preservation and recovery to identify suboptimally 
preserved cultures. 

5.5  Microbial, viral and cellular 
cross-contamination
The large resources required to generate hiPSCs dictate the 
most stringent quality control standards that should be applied 
to the cells before they are made widely available and used in a 
laboratory for different applications (see also Principle 1). The 
assurance of the quality control should include well-standard-
ized methodology to confirm the absence of microbial, viral or 
cellular contamination. It is recommended to perform at least 
regular screens for mycoplasma and daily observation.  

It is good cell culture practice to systematically perform 
mycoplasma, bacterial and viral contamination screening. 
Contamination with mycoplasma is a common problem when 
using “gifted” cell cultures. This can be avoided by purchasing 
cultures only from reputable cell repositories that have vigorous 
testing programs and certify their cell lines as authenticated and 
free of microbial contamination. Cultures obtained from other 
sources should be kept quarantined in a separate incubator until 
mycoplasma test results are available. If a separate incubator is 
unavailable then the culture should be grown in a sealed flask 
and kept inside a container such as a plastic box with a cover or 
lid. The suspect cultures should only be handled at the end of 
the workday after all other cell culture work is complete or in a 
dedicated quarantine lab or safety cabinet. All media, solutions 
and plastic ware that are used for these cultures should also be 
segregated from the other culture materials and supplies. The 
BSC II as laminar flow hood should be carefully disinfected 
before and after use.

Pharmacopoeia methods are established for detection of mi-
crobial contamination but, whilst still representing the industry 
standard, those used for cell culture samples rely on tradi-
tional culture media and conditions, which will not enable all 
microorganisms to grow (e.g., use of antibiotics). A range of 
rapid detection techniques have also been developed including 
non-specific methods (e.g., ATP bioluminescence, laser particle 
detection), detection of microbial products (e.g., bacterial endo-
toxin, fungal glycans) and specific detection methods including 
RT-PCR amplification of ribosomal RNA gene sequences (for 
more information see Tab. 1 of Young et al., 2010). Use of these 
rapid techniques is currently a subject of investigation and at 
this stage they have value when at least two methods are used in 
combination. However, at this time established sterility testing 
methods by broth inoculation remain the accepted test for vials 
from banks of cell lines.

Viral contamination
A major concern when using virally infected cell cultures is the 
potential health hazard they might have for laboratory person-
nel. Special safety precautions should always be taken when 
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confirmation but, like gene expression, a standardized test is 
preferable.

5.7  Differentiation
The routine use of PSC-derivatives for toxicology and other bio-
medical applications requires the development of harmonized 
quality control standards, allowing reproducibility, scalability 
and inter-laboratory comparisons. Both individual investigators 
and private companies developing differentiation protocols for 
PSCs should provide detailed phenotypic characterization of 
the differentiated cells, and ideally perform side-by-side com-
parisons between the PSC-derivatives and the adult cells they 
should resemble, such as primary hepatocytes, primary cardio-
myocytes, and cortical neurons, representing ideal benchmark-
ing cell models.

The suitability of a specific PSC-derivative for (toxicology) 
studies should be determined by the analysis of differentiation 
related markers, such as CYP3A4, CYP2B6, and CYP1A1/2 
expression; the analysis of urea synthesis, glycogen uptake, 
albumin secretion/synthesis suitable to characterize PSC-de-
rived hepatocytes; the analysis of tropomyosin, troponin I, 
actinin, atrial natriuretic peptide, and desmin, suitable for 
PSC-derived cardiomyocytes; the analysis of β-III-tubulin, 
MAP2, neurofilament 200, synapsin-I, MAPT, FoxA2, and 
En-1, for PSC-derived neuronal cells; and the analysis of K5, 
K14, DeltaNP63, and K10 for PSC-derived keratinocytes (Pis-
tollato et al., 2012). Besides assessing the phenotypic identity 
of PSC-derivatives through analysis of genes and proteins/
markers, other assays, such as multi-electrode array analysis 
suitable to evaluate neuron and cardiomyocyte electrical ac-
tivity and contractility (Riedel et al., 2014; Illes et al., 2014; 
Kanda et al., 2016), are essential to evaluate the functional 
properties of PSC-derivatives.

Moreover, appropriate and realistic thresholds of the level of 
expression of these markers and functional endpoints should 
be defined in order to assess the applicability of individual cell 
preparations for studies. These should be based on practical lo-
cal experience in characterization as culture systems will vary 
depending on local reagents and conditions. The definition of 
well-defined and practically qualified quality control metrics is 
mandatory to support a reduction of both intra- and inter-labo-
ratory variability (Pistollato et al., 2012).

Additionally, “omics” technologies, such as transcriptomics, 
metabolomics, phospho-proteomics, and epigenomics, in com-
bination with systems biology, while allowing the identification 
of the molecular mechanisms (i.e., mode of actions) underlying 
(toxicant) effects in a high-throughput manner, are also helping 
to expand current knowledge of PSC profiles, which has special 
relevance when PSC-derivatives are intended to be used for 
clinical applications (Silva et al., 2015).

5.8  Microphysiological systems and 
organ-on-a-chip technologies 
The quality control of MPS and organ-on-a-chip technologies 
is challenging. MPS are complex models that require in most 

ance on the validation requirements for mycoplasma detection 
tests, including the nucleic acid amplification method (Ph. Eur., 
2012). Novel and rapid test systems should be tested for their 
sensitivity and specificity for detection of different mycoplasma 
strains and absence of cross reactions with other organisms, so 
their performance is understood by users in comparison to stan-
dard, existing methods. It is also important to include controls 
for inhibition of PCR amplification by cell culture components.

The leading cause of culture loss in most laboratories is 
microbial contamination resulting from poor or insufficient 
aseptic technique. Developing successful aseptic techniques 
requires good training (GCCP principle 6) and knowledge 
of the nature and potential sources of contamination (GCCP 
principle 1).

5.6  Reprogramming and cell line derivation 
Clearance of residual reprogramming elements is of significant 
interest for iPSCs generated via non-integrating reprogramming 
methods to ensure no interference with the host chromosomes. 
Many of the molecular-based delivery systems such as miRNA, 
RNA, and plasmids result in loss of exogenous genetic material 
following successive passaging. For example, cells transfected 
with the oriP/EBNA1-based system will typically loose plasmid 
from resulting iPSCs that are passaged over time. Other factors 
affecting timing of plasmid loss include transfection efficiency 
of the starting material. The likelihood of chromosome integra-
tion events is low and this can be ruled out using molecular 
based assays such as PCR. 

The derivation of iPSCs from multiple donors increases the 
potential for contamination, especially in the absence of auto-
mation, when multiple cultures are handled in parallel. There-
fore, it is good practice to regularly screen for mycoplasma, 
sterility and cross-contamination. Additional quality checks 
should be in place to screen karyotype, but it is important to 
consider the possibility that an abnormal karyotype might be 
reflective of the original host material. Working with one cell 
line at a time in the BSC II gives important protection from 
cellular cross-contamination.

It has become widely accepted to confirm the quality of new-
ly derived iPSCs by way of gene expression and pluripotency. 
However, there is a need to standardize these measures con-
sidering the range of tests available with varying sensitivities. 
For gene expression, both flow cytometry and PCR have been 
used, but, ideally, a common panel of reprogramming genes 
against which clones are screened should be established so that 
clones can be compared to each other. Pluripotency is typically 
not determined by gene expression but rather by the ability of 
the iPSC to differentiate into cell types representative of all 
three germ layers (ectoderm, endoderm, and mesoderm). The 
gold standard for pluripotency testing has historically been 
the ability for clones to form teratomas when injected into im-
munodeficient mice. However, these tests are too costly and 
time consuming to execute for a large number of clones. Other 
approaches like the formation of embryoid bodies and/or dif-
ferentiation into specific lineages have also been employed for 
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6  Principle 3: Documentation requirements

In order to permit the repetition of cell culture studies, to track 
the materials and methods used, and to enable the target audi-
ence to understand and evaluate the work, it should be clearly 
and accurately documented. This includes accurate records of 
cell type, origin, authentication and characterization, and of the 
culture techniques performed along with the materials used.

As originally described in Coecke et al. (2005) and not dif-
ferent for PSC, all documentation should be retrievable, and 
should include:
– the objective of the work;
– the rationale for the choice of procedures and materials used;
– the materials and equipment used;
– the origin and characterization of the cells and/or tissues;
– the laboratory records, including results, raw data and quality 

control records;
– cell and tissue preservation and storage procedures; and
– the protocols and SOPs used, and any deviations from them.
In some circumstances, formal procedures for the retrieval and
review of documentation are necessary (e.g., GLP or Good
Manufacturing Practice (GMP) requirements). Such rigorous
documentation is also useful for resolving any questions or dis-
putes that may arise (Coecke et al., 2005).

Paramount to ensuring that reproducible results can be ob-
tained with pluripotent stem cells is routinely verifying the or-
igin, differentiation status, and pluripotency of the subject cell 
line. In October 2007, the International Stem Cell Banking Ini-
tiative (ISCBI) established a dialogue between stem cell distri-
bution centers and national and international stem cell research 
funding bodies to develop a consensus on best practices for ESC 
banking, testing and distribution (ISCBI, 2009). Although the 
focus was on ESC, many aspects are also applicable to iPSC 
lines. Among the recommendations included in this document 
are general principles for ensuring informed consent, traceabil-
ity, and governance of stem cells derived from human tissues. 
The unique tools and methods used for generating hESC and 
iPSC lines also need to be careful documented. This activity 
has also now been extended to the requirements for PSCs for 
clinical use (ISCBI, 2009; Andrews et al., 2015).

6.1  Cell and tissue origins
When working with mammalian cells or tissues, whether pri-
mary cells, immortalized cell lines, or PSC, a minimal set of 
information is essential to clearly define the specific cell type 
and its associated origin (see Tab. 7).

6.2  Handling, maintenance and storage
Records must be kept for all critical details associated with the 
handling, maintenance and storage of mammalian cell cultures 
to ensure that they maintain consistency across studies. All 
solutions (e.g., cell culture media) should include identifying 
details of supplier, batch, storage requirements, and expiration 
date. Components of the cell culture media should also be de-
scribed and include all supplements and additives, as well as 
methods of preparation of the media, procedures for preparation 

cases complex protocols. To be able to generate good MPS, 
practice is required to have the personnel well trained in the 
protocols used and able to produce reproducible MPS structures 
reliably. Quality controls have to be set up for different aspects:
– MPS phenotypic properties,
– structural morphology,
– quantification of cell population (if possible),
– and functionality.
Moreover, the use of specific technologies (such as biomaterials
or microfluidics) requires specific quality controls. The quality
of the materials used in the scaffolds, surface coatings, micro-
geography of the scaffold surface, microfluidic flow, toxicity
of the materials used, sterility of re-used equipment should be
regularly monitored.

In many cases, these products are not yet commercialized 
and it is difficult to generate good quality controls. Therefore, 
each laboratory should pay special attention to internal quality 
controls, allowing production of reproducible and high-quality 
materials and maintain awareness of batch-to-batch changes. As 
to this, the laboratory has to be responsible:
– to ensure that all the materials are used adequately for their

intended purposes;
– to ensure that the laboratory workers have the training re-

quired to handle the materials and their waste appropriately.
– to store the materials under adequate conditions.
Moreover, the same issues should be considered as for other cell
cultures (Coecke et al., 2005).

5.9  Gene editing and gene reporter lines
As mentioned before, gene editing and gene reporter lines are 
useful tools commonly used in PSC research. However, there 
are some aspects that should be taken into consideration before 
starting to use them. Gene editing technologies present, depend-
ing of the methods chosen, some associated advantages and dis-
advantages: Zinc finger nucleases (ZFNs), which are normally 
used for disabling a mutant allele, inserting genes for gene ther-
apy and repairing allele damage may present problems such as 
off-target cleavage and immunological response. Transcription 
Activator-Like Effector Nucleases (TALENs) are common-
ly used to knock down genes and to correct genetic defects. 
However, current delivery mechanisms of limited efficiency, 
unknown immunogenic responses, and certain non-specificity 
of binding limit their use. The CRISPR/Cas system is com-
monly used for gene editing and gene regulation (Xue et al., 
2016). One of the main advantages is its dependence on RNA 
and not DNA sequence (in comparison to ZFN and TALEN) as 
the RNA machinery base-pairing rules are simpler between an 
engineered RNA and the target DNA site (Sander and Joung, 
2014). Meganucleases, are used for gene correction, insertion 
of therapeutic genes, targeted mutagenesis and virus clipping 
among others (Silva et al., 2015).

However, efficiency of gene editing is still really low, re-
quiring, single cell clones to be isolated, studied separately and 
expanded before use, which can increase costs and time. The 
creation of a nuclease reagent is time-intensive (approximately 
10 weeks) and costs can vary widely. 
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associated with laminar airflow and safety cabinet testing, cali-
bration, maintenance and repair ensure that study results are not 
confounded by environmental effects.

With regard to the cell culture system, critical information 
must be recorded to permit tracing the history of the biological 
material, its characteristics, and the treatments, manipulations, 
measurements and procedures applied to it, including statistical 
procedures used to analyze the obtained results. For human cells, 
traceability should also include the informed consent obtained 
from the original donor of cells used to derive the cell line.

Cell and tissue preservation and storage details should in-
clude type of cell or tissue, passage/identity number, cryopro-
tectant used, number of cells per cryovial, position in storage 
container, viability and plating efficiency after thawing, and 

or use of cells or tissues. Such procedures may be detailed in 
SOPs, but for specific standards required for regulatory com-
pliance and/or clinical work, the traceability of each procedure 
may be required to ensure the use of appropriate reagents. The 
culture substrate and recording of the coating procedures, where 
applicable, should be defined. This could include the type and 
supplier of coating material.

The type and origin of culture-ware can also have profound 
effects on cell culture viability and reproducibility. According-
ly, the types and suppliers of flasks, Petri dishes, roller bottles, 
etc., should be detailed. The incubator conditions should also 
be routinely monitored and conditions reported to ensure that 
any issues associated with humidity (if appropriate), tempera-
ture and CO2 levels can be ruled out. Likewise, documentation 

Tab. 7: Examples of requirements for documentation concerning the origins of pluripotent stem cells

Isolated organs/ Primary cell	 All materials	 All materials 
organ cultures	 cultures	 of human origin	 of human origin 
(non-human) (non-human) (adult) (fetal)

Safety information	 +	 +	 +	 +

Ethical issues	 +	 +	 +	 +

Species + + + +

Strain + + NA NA

Source + + + +

Sex + + + +

Age + + + +

Race + +

Number of donors	 +	 +	 +	 +

Health status	 +	 +	 +	 +

Tissue of origin	 +	 +	 +	 +

Cell type(s) isolated	 +	 +	 +	 +

Date of isolation +	 +	 +	 +

Isolation technique	 +	 +	 +	 +

Operator + + + +

Supplier + + + +

Informed consent	 NA	 NA	 +	 +

Material transfer agreement	 NA	 NA	 +	 +

Medical history of donor	 NA	 NA	 +	 +

Pathogen testing	 +	 +	 +	 +

Shipping conditions	 +	 +	 +	 +

Condition of material on arrival	 +	 +	 +	 +

Identification and authentication	 +	 +	 +	 +

Mycoplasma testing	 +	 +	 +	 +

NA, not applicable
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Several functional tests, which are generally applicable to both 
ESCs and iPSCs, can be used to define pluripotency (e.g., DNA 
methylation analysis, in vivo teratoma formation, tetraploid 
complementation) (Sohn et al., 2012). 

6.3  Reporting
Careful attention should be given to the reporting procedures 
used since the report format will depend on the target audience 
(e.g., internal staff, client/sponsor, regulatory authority, gener-
al public). Regardless, the person(s) responsible for the report 
should be identified and where appropriate, the report should be 
formally authorized for its intended purpose.

A high-quality scientific report should cover the objective of 
the work, the protocols and SOPs used, planning and experi-
mental design, execution of the study, definition of the test con-
ditions, test procedure, test acceptance criteria, data collection 
and analysis as well as a discussion of the outcome. The extent 
to which the study adheres to relevant standards, regulations, 
guidelines or guidance documents should be stated, along with 
adherence to safety and quality assurance procedures. This could 
also include a statement of compliance with the GCCP princi-
ples. Reports on cell and tissue culture work should address a 
minimum set of information that covers the origins of the cells, 
characterization, maintenance, handling, and traceability of the 
cells, and the procedures used (see Tab. 7).

7  Principle 4: Establishment and maintenance 
of adequate measures to protect individuals and 
the environment from any potential hazards

National and local laws, based on moral and ethical principles, 
govern safety in the workplace in most countries. Many coun-
tries also issue guidelines on occupational health and laboratory 
safety, and individual laboratories may also have rules, which 
reflect local circumstances. Thus, the guidance on safety in the 
cell culture laboratory given here in no respect replaces these 
laws and regulations, but rather draws attention to certain as-
pects of them and highlights issues specific to the in vitro culture 
of animal and human PSC. In many countries, each laboratory 
is required to appoint a biological safety officer, and this indi-
vidual should have suitable training or advice available and be 
involved in the safety evaluation of any cell culture procedures.

7.1  Risk assessment for human pathogens 
and general rules for hiPSCs and hESCs
Identifying and evaluating risks, and taking appropriate action 
to avoid or minimize them, are foundations on which safety is 
built. The laboratory environment contains hazards that are of-
ten complex and require specialist knowledge and experience. 
Key stages in the management of such risks are robust risk 
identification, establishment of procedures to control risk, and 
evaluation of residual risk to check it has been reduced to an 
acceptable level. These assessments should be documented and 
reviewed at regular intervals to take into account any changes in 
local practice, national or international regulations, or increases 

date and operator. Storage processes should also be strictly 
defined and documented to provide confidence in the via-
bility of sub-passaged cultures. This includes monitoring of 
refrigerator and freezer temperatures, liquid nitrogen level 
and/or temperature in storage containers, sterility controls 
(e.g., autoclaving, sterility tests), and regular maintenance 
and calibration of critical apparatus. The extent of testing and 
monitoring can vary, from alarms for research and develop-
ment work to continuous monitoring of calibrated monitoring 
systems for critical work.

Cell banks should be maintained in facilities that are accred-
ited, designated, authorized or licensed by an appropriate au-
thority. It is strongly recommended to operate both a formal and 
documented Master Cell Bank and Working Cell Bank system 
to ensure that a supply of reproducible cells at the same passage 
level is maintained over extended periods (ISCBI, 2009; FDA, 
2010a). Any changes in storage location should be formally 
recorded and relevant notification should be given for example 
(e.g., to the local health and safety officer where pathogenic, 
highly toxic, radioactive or genetically modified materials are 
involved). The disposal procedures and associated compliance 
for culture laboratory waste must also be documented.

There are specific requirements for documentation concern-
ing the handling, maintenance and storage of cells and tissues 
used for deriving PSCs, regardless of the origin species or age 
(i.e., fetal or adult). These include the following:
– Safety information
– Ethical issues
– Purity of isolation
– Phenotype
– Differentiation state
– Type of culture, e.g., monolayer, suspension, spheroid
– Culture medium, i.e., type, supplements and other additives

used
– Feeding cycles
– Growth/survival characteristics, e.g., cell survival, expres-

sion of cell-specific markers, ageing, initial density at plat-
ing, doubling time

– Initial passage number
– Confluency at subculture
– Subculturing details, e.g., date of sub-culture, subculture

intervals, split ratios; seeding densities, perfusion rate
– Reprogramming method
– Identification and authentication
– Morphological characterization including silencing of ecto-

pic genes and elimination of non-integrating reprograming
vectors

– Molecular characterization
– Functional characterization
– Mycoplasma testing
– Life expectancy
– Special properties (characteristics or use)
A number of key phenotypic markers for ESC cell line char-
acterization are recommended for use by a stem cell bank
(Adewumi et al., 2007). For any pluripotent stem cell line, it
is essential that the bank provides evidence for pluripotency.
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Chemical hazards
The cell and tissue culture laboratory is not a particularly dan-
gerous place to work with regard to chemical hazards. This is not 
different for laboratories using PSC or microphysiological sys-
tems, but for completeness some basic aspects are recapitulated 
here. Some chemicals have ill-defined or unknown biological 
effects, so general safety standards should always be maintained 
to protect workers against these uncertain hazards. Material 
Safety Data Sheets (MSDS) for all chemicals used in the lab-
oratory should be requested from the suppliers and used in risk 
assessment. For any substances that are potentially hazardous to 
health (e.g., mutagens, cryoprotectants, labelling dyes), MSDS 
data should form the basis of a risk assessment for the use of 
this chemical. However, the level of risk will vary, depending 
on, for example, the quantities being used, their formulation and 
how they are used in the laboratory. This may be covered by 
national legislation in some countries. Approved waste disposal 
procedures should always be followed. Particular care should be 
taken with certain kinds of materials, such as teratogens where 
there are female workers of reproductive age.

Materials being tested in in vitro toxicity tests represent a 
particular problem, particularly if the study requires that they be 
anonymously coded and supplied via an independent, external 
source. Although the concentrations used in the final test solu-
tions may be very low, the storage of the bulk material and its 
handling can represent a significant potential hazard particularly 
if blinded. It should always be possible to break the code quick-
ly in the event of an accident.

Biological hazards
Many different issues related to potential biological hazards 
(e.g., infectious agents, mitogens, allergens, cytotoxins) must 
be considered and, in certain cases, may need to be monitored 
and recorded in the cell and tissue culture laboratory. Risk as-
sessments for primary tissues/cells and cell lines should include 
special infectious hazards that could arise from the species of 
origin. In general, human and primate cells, thus also especially 
hESC and iPSC, are considered of highest risk (Doblhoff-Dier 
and Stacey, 2006), although it is important to bear in mind that 
cells from other species can also harbor serious human patho-
gens. The health status and geographical origin of human cell 
or tissue donors should also be considered and donor-screening 
procedures, such as virological screening for key pathogens and 
life-style questionnaires can be useful to assist risk assessment. 
For all sources of cells, the availability of data from microbi-
ological screening tests will help to mitigate risk and the cul-
ture and storage history may be useful in flagging up potential 
hazards from reagents and co-stored materials (Frommer et al., 
1993). Although not usually dangerous to the laboratory user, 
cells and tissues have the potential to permit the replication of 
viruses potentially pathogenic to humans (occasionally with 
tragic consequences (Lloyd et al., 1984), and should therefore 
be routinely treated as if they are a potentially infectious (Tab. 7 
of Coecke et al., 2005).

In the case of cells intended for transplantation there are es-
tablished requirements for donor selection, processing, testing, 

in scientific knowledge. Risk assessments should also provide a 
reference document for other individuals performing the work 
and awareness of them should be a key element in laboratory 
training (see section 6 of Coecke et al., 2005).

It is important to pay particular attention to risks, which may 
be specific to, or more significant in, certain groups of workers. 
For example, women carrying a (possibly undiagnosed) preg-
nancy and would be at greater risk from the effects of certain 
chemicals, such as teratogens or biological agents. Similarly, 
persons with a diminished immune response (e.g., due to med-
ication or a medical condition) should seek expert medical ad-
vice before they are allowed to work in a laboratory where cell 
and tissue culture is performed.

The safety conditions highlighted below relate not only to the 
safety of laboratory staff carrying out cell culture work but also 
to ancillary staff handling or disposing the materials used. Fur-
thermore, there may be theoretical risks of laboratory workers 
becoming infected and transmitting disease outside the labora-
tory or recombinant organisms, pathogens or hazardous chemi-
cals escaping the laboratory or failing to be dealt with correctly 
on disposal. In such cases the impact on the general public and 
the environment must be considered. General laboratory safety 
issues, where it may be appropriate to apply risk assessment, are 
shown in Table 6 of Coecke et al., 2005. Hazards of particular 
concern in the cell or tissue culture laboratory are further dis-
cussed in Sections 7.2 and 7.3 below.

7.2  Hazards related to cell and tissue 
culture work 
Physical hazards
PSC and microphysiological systems are not typically associ-
ated with physical hazards different to other cell cultures. In 
general, physical hazards in the cell and tissue culture labora-
tory are constrained to movement and use of pressurized gases, 
for which there will be specific safety regulations (EU, 1997). 
However, incorrect use of devices, and particularly those us-
ing extreme heat (e.g., autoclaves, incinerators), irradiation 
and mechanically hazardous components (e.g., centrifuges, 
“sharps”, potentially explosive components) is a major source 
of hazard and should be managed under the appropriate legis-
lation and local safety rules for use and maintenance. Labora-
tories and workspaces should always be kept clean and tidy. It 
is wise to avoid storage of heavy objects or large glass vessels 
above typical head height or storage of material on the floor or 
anywhere where it can cause risk to other people. Any equip-
ment or apparatus used should meet national safety guidelines. 
Equipment such as autoclaves, centrifuges and microbiological 
safety cabinets should have a program of maintenance and 
checks on correct operation for safe use. Such checks may be 
prescribed in legislation and local rules, but typically would 
be carried out annually as a minimum. Special attention, in-
cluding formal staff training, should be in place to assure staff 
can safely use equipment connected with special hazards, such 
as ultra-violet light, lasers, radioisotopes, liquid nitrogen and 
extreme temperatures and pressures (e.g., autoclaving, use of 
pressurized gas).
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or tissues, or treat them with potentially pathogenic organisms.
Many countries have national safety committees, which es-

tablish guidelines for work with genetically modified organisms 
(GMOs) and require scientists to classify and perform their 
work at the appropriate biosafety level. Recombinant cells, (i.e., 
those produced by genetic engineering or genetic modification 
[terms used to cover most techniques, which artificially alter 
the genetic make-up of an organism by mixing the nucleic acids 
of different genes and/or species together]) will generally fall 
within the requirements of such guidelines. Viral transformation 
that occurs in vivo may also be considered genetic manipulation 
when performed in vitro, such as Epstein-Barr virus transfor-
mation of blood cells. The classification and control of this kind 
of work differs between countries, and countries may decide to 
classify work at a higher or lower level when new information 
on a particular vector/host system becomes available (see EU 
GMO contained use regulations: EU, 2009). Risk assessment is 
clearly a dynamic process that has to take into account new de-
velopments and the progress of science. It is the responsibility 
of the scientists involved to keep up to date with developments 
in this expanding field of activity, and at all times to respect 
national and international guidelines and requirements. 

With specific respect to iPSCs, it is important to note that 
where the recombinant vectors remain in the genome they will 
remain subject to GMO regulation when used but also when 
stored or disposed of in many countries. Where vectors are 
non-integrating there must be evidence to assure removal of the 
recombinant DNA components to enable them to no longer be 
subject to GMO regulatory controls for those vectors. 

7.3  Risks to the environment 
There are no special concerns with PSC and microphysiological 
systems with respect to the environment compared to traditional 
cell culture approaches. Some general aspects are summarized 
here for completeness. Pathogens or genetically modified or-
ganism may present a risk to the environment where they are 
able to survive. Such risks would be increased where there are 
poor sterilization and waste disposal practices, leading to con-
tamination of water, air or soil, or escape from containment. The 
environment can also be contaminated by release of biological 
material resulting from accidents, including transport accidents, 
and systems should be put in place either to prevent or minimize 
the potential for such events. Support from the local biological 
safety officer should be sought, if available.

Waste disposal
Methods of waste disposal appropriate to the work in hand must 
be identified during the risk assessment process. These meth-
ods must not only protect the individual tissue culture workers 
themselves, but also their colleagues, the wider population, and 
the environment. Work with known pathogens and GMOs must 
be performed according to the relevant regulations (see above), 
including methods of waste disposal. Where methods are not 

storage and supply (EU, 2006a; FDA, 2001), however, cells 
intended for more complex therapies and particularly involving 
cell culture and application in large numbers of patients, it is 
wise to consider additional microbiological risks16. It may not 
be possible to screen for all potential contaminants for practical 
reasons of time and costs and whilst new molecular techniques 
such as massive parallel sequencing may offer more econom-
ic solutions, they have yet to be standardized for routine use. 
However, approaches that may be employed in risk assessment 
include post-donation donor assessment for acute infections and 
consideration of factors (see above) that elevate risk of contam-
ination by viruses, which may replicate in cell culture and/or 
may cause human cell transformation20.

In a number of cell culture procedures, the cell type of interest 
is cultured on a “feeder layer”, i.e., another cell type that sup-
ports its growth. Feeder cells may be primary cell cultures de-
rived from tissue or a cell line, which are treated to inhibit their 
division (e.g., mitomycin C, γ-irradiation). Such cell cultures 
are a potential source of contamination and should be prepared 
as cryopreserved cell stocks and subjected to quality control and 
safety testing according to the same principles applied to other 
cell cultures. 

All cells and tissues new to the laboratory should be handled 
under a strict quarantine procedure, including suitable precau-
tions to prevent the spread of potential contamination, according 
to the general guidance given in Table 7 of Coecke et al. (2005), 
with additional controls as necessary (such as the use of sep-
arate dedicated media and equipment, and work by dedicated 
staff). Microbiological horizontal laminar flow cabinets should 
not be used when handling cells, as such cabinets are designed 
to protect only the work area and the airflow is directed toward 
the worker and would expose them to any contaminants in the 
cell culture.

Where the nature of the work involves a significant risk of a 
biological hazard, special precautions must be taken in accor-
dance with national requirements. Where infectious organisms 
are concerned, these are often based on the World Health Or-
ganization classification for human pathogens (Appendix 3 of 
Coecke et al., 2005).

If the cells or tissues originate from a certified source, such as 
a recognized cell bank, which provides certification of freedom 
from certain contaminants, this documentation may suffice for 
risk assessment, provided that the cells have not been exposed 
to potential sources of contamination since leaving the bank. 
However, it is recommended that, as a minimum, mycoplasma 
testing should be carried out on all samples received.

Laboratory workers’ immune systems may not protect them 
against the tumorigenic growth of their own cells, which may 
be altered by in vitro procedures such as transformation, immor-
talization, infection, or genetic modification. Accordingly, most 
national guidelines make it unacceptable for operators to culture 
cells or tissues derived from themselves or from other workers 
in the same laboratory, nor to genetically manipulate such cells 

16 SaBTO - Advisory Committee on the Safety of Blood Tissues and Organs (2014). Donation of Starting Material for Cell-Based 
Advanced Therapies. London, UK: Department of Health. http://bit.ly/2gXXY3O
20 https://www.cbd.int/abs/about/

http://bit.ly/2gXXY3O
https://www.cbd.int/abs/about/
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GCCP is not in itself required under any national laws, various 
guidelines, regulations and laws are in place for the procure-
ment, use and storage of donor cells and tissues, their genetic 
manipulation, other safety issues and development of biomedi-
cal products. Thus, any researcher proposing to generate hESC 
or iPSC lines must ensure that all national laws and regulations 
and local organization rules are complied with for the relevant 
jurisdictions of origin of the cells and where they are to be used. 

8.2  Human tissues and ethical issues 
All tissues or cells from human donors should be obtained us-
ing applicable ethical procurement procedures to assure they 
are obtained with appropriate and well-documented informed 
consent. The requirements for acceptable informed consent may 
vary from one legal jurisdiction to another and the researcher 
responsible for obtaining the donor material must ensure that 
they have complied with all applicable laws, regulations and 
local rules. It is also important to note that consent may need to 
be specific and include consent to carry out genetic testing, and 
some donors may have applied constraints on the use of their 
tissue, which may prohibit certain types of research. In some 
countries there are stringent legal requirements for procurement 
of tissues for research (e.g., Human Tissues Act (UK, 2004)); in 
the EU, legislation is under discussion17.

For human embryonic stem cells, there may be controls and in 
some cases prohibition on both the procurement and the use of 
the original donor tissues/cells and on the generation and use of 
the cell lines. For further information see Andrews et al. (2015) 
and Seltmann et al. (2016). 

In Europe, there is specific legislation for the import and ex-
port of tissues for clinical use (EU, 2006a,b,c, 2012), which also 
has technical annexes that prescribe aspects of cell and tissue 
procurement, processing, storage and testing. Requirements 
vary around the world. Competent couriers are critical to effi-
cient shipment, and it is recommended to use couriers that have 
good knowledge of local requirements for import and to have 
service level agreements in place with couriers that identify 
standards of service and emergency procedures when cryogens 
become depleted.

Human tissue banks should be recognized as the most legally 
and ethically acceptable source of human tissue for research, as 
they are best equipped to deal with, and advise on, the complex 
issues involved, including ethics, consent, safety and logistics. 
However, many companies now provide human tissue on an in-
ternational basis and researchers should ensure that any supplier 
meets national and local ethical procurement and personal data 
protection requirements (see above and 5.3 below).

Blood and skin cells are commonly used to derive new iPSC 
lines. The removal of such samples from human volunteers 
should only be performed by qualified personnel, and particular 
precautions should be followed to minimize any risks. Such vol-
unteers should also be considered to be donors, and documented 
informed consent will be required.

specified in these regulations, there is a requirement to assess 
and justify all proposed methods of waste disposal as part of the 
risk assessment. Similarly, the appropriate method of disposal 
of hazardous chemicals must be identified before work with 
them is undertaken.

In line with the above precautionary principle, the following 
minimum precautions should be taken when disposing of waste 
from the cell culture laboratory:
−	 all liquid waste, with the exception of sterile media or solu-

tions, should be either chemically inactivated (using sodium 
hypochlorite or another suitable disinfectant) or autoclaved 
before disposal; and

−	 all solid waste contaminated with tissue culture liquid and/
or cells should either be autoclaved at the laboratory site, or 
should be placed in rigid, leak-proof containers before being 
transported elsewhere for autoclaving or incineration.

Transport
The transportation of any biological materials, chemicals (in-
cluding liquid nitrogen) or other materials (for example, dry ice) 
of potential risk to humans, animals, plants and/or the environ-
ment, must comply with national or international regulations 
(see, for example, http://www.iata.org/whatwedo/dangerous_
goods). They should be packed so as to prevent spills in the 
case of breakage, be correctly labelled (with appropriate hazard 
symbols), and have the appropriate accompanying documenta-
tion (MSDS, import form, export form, and CITES permit, if 
applicable). A typical MSDS for a cell line is shown in Table 8 
of Coecke et al. (2005). 

A cell culture may fall into any one of the classes of biological 
material used for shipping purposes, namely:
– diagnostic specimens;
– infectious specimens;
– biological products; or
– GMOs.
Wherever appropriate, the International Air Transport Associa-
tion (IATA) guidelines should be followed, as they are stringent
and are recognized internationally (for regular updates, see
http://www.wfcc.info). Before arranging transport, the various
legal requirements for export and import into the recipient
country should be considered, including ethical issues (such as
the use of human cells or tissues of embryonic origin), disease
transmission, endangered species regulations (http://www.cites.
org/), and bioterrorism regulations (see http://www.bt.cdc.gov/).

8  Principle 5: Compliance with relevant laws 
and regulations, and with ethical principles 

8.1  General considerations 
From an ethical and legal point of view, it is important that 
high standards for cell and tissue culture should be established 
and maintained for the derivation and use of iPSC lines. Whilst 

17 http://cordis.europa.eu/result/rcn/91320_en.html (last accessed 04 July 2013)

http://www.iata.org/whatwedo/dangerous_goods
http://www.wfcc.info
http://www.cites.org/
http://www.cites.org/
http://www.bt.cdc.gov/
http://cordis.europa.eu/result/rcn/91320_en.html
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Reprogramming has been used to produce iPSCs from an 
ever-increasing range of non-human species. Researchers doing 
such work should ensure that the procurement of tissues from 
the particular indigenous species meets national laws and if rel-
evant, any requirements of the international Convention on Bio-
diversity19, which may involve additional legal requirements 
involved in the Nagoya Protocol20. Special safety measures 
relating to potential carriage of unusual pathogens may need to 
be addressed. 

Other international treaties may also impact on the transfer 
of certain cell lines based on potential animal virus contami-
nation, use in the manufacture of biowarfare agents, etc. Such 
constraints on shipment will need to be checked on a local basis 
in discussion with national or regional authorities. 

Use of certain animal derived products also raises ethical and 
legal issues. For example, the manufacture of fetal calf serum 
is ethically questionable (see references in Coecke et al., 2005) 
and many non-sterilizable materials of animal origin may raise 
issues of infectious disease, which are controlled internationally 
and for which import restrictions apply to certain animals and 
materials including cell lines (see Festen, 2007). 

8.6  Genetically modified organisms
The creation of iPSC lines involving the introduction of recom-
binant DNA vectors means that such cells are considered genet-
ically modified organisms (GMOs) and their creation, storage, 
transport, use and disposal are subject to the requirements that 
apply to other GMOs. Even systems where the vectors are re-
moved (e.g., baculovirus systems) or do not become integrat-
ed into the genome but may persist in other forms in the cell 
(e.g., Sendai virus vectors, episomal vectors, modified mRNA/
miRNA) may still be considered to be genetically modified, 
as would cells modified by gene-editing techniques. However, 
purely chemical means of inducing pluripotency are unlikely to 
be included in this group. Any viral vectors used should be mod-
ified to prevent release of infectious virus from reprogrammed 
cells and this should be checked as part of normal laboratory 
risk assessment procedures. This is a rapidly expanding field, 
and since it involves manipulating genes and cells in ways that 
do not occur in nature, for which the long-term consequences 
are as yet unknown, it raises sensitive ethical and safety issues 
(Hinxton Group statement on gene editing of 201521). Genetic 
manipulation experiments are regulated in the EU (EU, 2001a), 
USA (FDA, 2015a,b,c) and in many other countries, where, 
before any work is initiated, relevant approval must be sought.

8.7  Other considerations for the 
selection and use of iPSC lines
General considerations for the selection of iPSC lines have 
been reviewed by Stacey et al. (2016). In addition to the issues 
described above, the ownership of lines may mean that there are 

8.3  Regulation of human iPSC lines 
for use in human treatments
Where there is intent to use donor cells/tissues in humans or to 
establish a cell line for human application, these may be sub-
ject to legal requirements and regulations. Such regulation is in 
place for Europe under the European Union Tissues and Cells 
Directive (EU, 2012) and separate regulation may apply in other 
jurisdictions (e.g., FDA, 1997, 2001, 2013). Use of iPSC or any 
cell lines for the manufacture of cell therapies or cell products 
will be regulated in the European Union as an Investigational 
Medicinal Product (IMP) or an Advanced Therapy Medicinal 
Product (ATMP) (EU, 2007) and subject to market authoriza-
tion by the European Medicines Agency (EMA), achieved fol-
lowing clinical trials (EU, 2001c). In the US, similar regulation 
applies under the FDA (2013, 2015a, b, c). For further specific 
consideration of the requirement of establishing hPSC stocks 
for clinical application see Andrews et al. (2015) and the appen-
dices therein.

8.4  Donor-sensitive data
Data held on donors of tissue used to generate iPSC lines, de-
pending on its nature, may also be subject to legally binding 
regulation, which in the European Union is the EU Directive 
on Data Protection (EUDDP) and in other jurisdictions similar 
regulation may apply, e.g., US (FDA, 2001; FDA, 2010b). At 
the time of writing the EUDDP and respective US regulation 
are undergoing revisions, which will apply to cell/tissue donors 
for iPSC generation. In general, where specific regulation is 
not applied, compliance with good practice in this area is rec-
ommended18. In some countries, additional controls on donor 
information may also apply, such as the Caldicott Principles in 
the UK (Caldicott, 2013) and in the UK best practice guidance 
has been established to allow compliance with EU regulation. 
Important ethical problems can be faced especially with the 
iPSC technology, where cell donors are often still alive and can 
possibly be identified.

8.5  Non-human cell cultures 
and materials
In general, the use of animals in experimentation should be 
subject to the 3R principles (reduction, refinement and replace-
ment) (Russell and Burch, 1959). However, where non-human 
cells are used as feeder layers to support the growth of iPSCs, 
the original tissues (typically mouse embryo origin) should be 
obtained using good practice for the maintenance of laboratory 
animals (European Directive 2010/63/EU (EU, 2010); NRC, 
2013), which includes colony screening to exclude presence 
of key pathogens and the use of ethically approved procedures. 
Such requirements will usually require the lab isolating the 
animal tissues to have a license for the procedures, staff and 
laboratory facility. 

18 http://www.wellcome.ac.uk/About-us/Policy/Spotlight-issues/Data-sharing/EAGDA/index.htm
19 http://www.cites.org/
20 https://www.cbd.int/abs/about/
21 https://www.crick.ac.uk/media/256630/hinxton-2015-statement-100915.pdf

http://www.wellcome.ac.uk/About-us/Policy/Spotlight-issues/Data-sharing/EAGDA/index.htm
http://www.cites.org/
https://www.cbd.int/abs/about/
https://www.crick.ac.uk/media/256630/hinxton-2015-statement-100915.pdf
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for all members of staff, including training records and regular 
reviews of training needs. To ensure the quality of work in the 
long-term, it is also important to link training with a personal 
development program for technical and scientific staff, in order 
to ensure they are progressively trained and educated in line 
with changing laboratory activities and demands.

When new staff join a laboratory, their skills and experience 
should be assessed, and the need for further training procedures 
in relation to their new job should be identified. These needs 
may include a variety of general and specific procedures, cov-
ering SOPs, general laboratory maintenance, and safety and 
emergency procedures.

Training can be provided in-house by experienced members 
of staff and/or visiting experts, via accredited on-line programs 
and/or through attendance at external courses. For certain ap-
plications including product manufacture and testing, and pro-
cessing of cells and tissues for clinical use, training must be 
formally recorded and reviewed.

In the following sections, a number of education and training 
needs specific for PSC and microphysiological systems are re-
viewed.

9.1  Colony identification and selection
Colony identification and selection is a tedious process. It usu-
ally takes three to four weeks to generate iPSC colonies by a 
reprogramming method. Human iPSC colonies have a unique 
morphology as they grow as compact colonies and exhibit high 
nucleus-to-cytoplasm ratios. Different tests that can be used 
to detect undifferentiated colonies; however, it is not always 
possible to perform these. Therefore, experience and training to 
identify colonies is required. In addition, iPSCs initially created 
in a feeder-dependent system may take several passages to fully 
adapt to a new feeder-free culture system. The training of colony 
identification and selection will focus on 1) colony morphology, 
2) immunofluorescence microscopy, and 3) selecting colonies to
minimize carryover of MEFs and/or parent cell type.

9.2  Minimizing differentiation in 
newly derived iPSC cultures
During the stabilization phase of iPSC line development, some 
iPSC colonies generate fibroblast- or endothelial-like cells. It 
is critical to remove differentiated cells early and prior to any 
passaging to prevent overgrowth of differentiated cells and to 
maintain the undifferentiated state of iPSCs. The training for 
elimination of differentiation in the PSC colonies should focus 
on: 1) identification of iPSC colonies, 2) identification of differ-
entiated cells, and 3) removal technique for differentiated areas.

9.3  Quality of colonies, confluence and passage
During the iPSC culturing process, the quality of the colonies is 
one of the most relevant aspects that should be controlled. Un-
differentiated iPSCs grow as compact colonies and exhibit high 
nucleus-to-cytoplasm ratios and prominent nucleoli. During the 
expansion and maintenance of iPSCs, differentiation of iPSCs 
may occur. It is easy to distinguish iPSCs from differentiated 
cells: Differentiated cells have less-defined edges, loose mor-

restrictions on their use even for research purposes. Ownership 
of cell lines can be complicated with many parties involved 
in negotiation on their use, including the hospital authority 
and clinicians where the original tissue sample was taken, the 
scientists engaged in deriving and researching the cell line, 
the institution that hosted the research and the sponsors (e.g., 
funding bodies, collaborating commercial companies). Sign-
ing of material transfer agreements could leave the research-
er personally exposed to legal action should they contravene 
the conditions of the agreement. Accordingly, signing of such 
documents should not be undertaken lightly and it is strongly 
recommended that the researchers should consult their local 
legal or technology transfer office, as a legal representative of 
the host organization may also be required to review and sign 
such agreements. 

Application for patents on processes using iPSC lines may 
also require submission of stock of the lines for independent 
scrutiny under international agreements (Anon, 1980) and 
researchers should be prepared for this requirement to avoid 
delays in critical stages of exploitation.

Furthermore, iPSC lines, in being potentially capable of 
replicating tissue-like cells and structures, could be valuable in 
growing significant quantities of pathogenic organisms and may 
therefore become subject to international controls on materials 
of potential use in the manufacture of biological weapons.

9  Principle 6: Provision of relevant and  
adequate education and training for all personnel 
to promote high work quality and safety 

The range of applications for cell culture is expanding rapidly 
and involves an ever-broadening range of technical manipula-
tions (such as chemically induced and genetic modifications) 
for use in basic and applied science, manufacturing, diagnosis, 
and efficacy and safety testing procedures, as well as for provid-
ing therapeutic materials. Work with hESC, iPSC and MPS is 
especially demanding and creates even stronger training needs.

The competence of staff to perform their duties in a laborato-
ry is central to ensuring that work is performed according to the 
standards of the organization in relation to its scientific, legal 
and safety requirements and obligations. This requires educa-
tion and training, as well as the regular monitoring of perfor-
mance (Tab. 9 of Coecke et al., 2005).

A good basic education should be given in the nature and 
purposes of cell and tissue culture, which is an essential basis 
for any further training program. The basic principles of in vitro 
work, aseptic technique, cell and tissue handling, quality assur-
ance, and ethics should be included. It is also important that 
those working with material of animal or human origin should 
have a sufficient understanding of any additional laws or regu-
lations that will apply.

Training should be seen as an ongoing process for improving 
and developing practical skills, and maintaining competence. 
Given its critical importance to the success of any laboratory 
work, there should be a formally documented training program 
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9.6  Differentiation techniques
An iPSC may carry a genetic “memory” of the starting cell 
type and this “memory” may influence its ability to be repro-
grammed and affect its efficiency of differentiation. Besides 
iPSC line-specific differentiation potential, not all iPSC clones 
from the same type of starting cells behave similarly regarding 
differentiation potential. For training of differentiation tech-
niques, the focus will be on: 1) screening multiple iPSC lines 
with different parental cell types for differentiation studies, 2) 
optimization of differentiation protocols, 3) functional assays of 
differentiated cells.

9.7  Microphysiological systems
While in vitro cell-based systems have become an invaluable 
tool in biology, they often lack physiological relevance. The 
recent progress in microphysiological systems (Marx et al., 
2016) has enabled manipulation of the cellular environment 
at a physiologically relevant length scale, which has led to the 
development of novel in vitro organ systems. The training on 
microphysiological systems will focus on 1) iPSC differenti-
ation protocols, 2) co-culture of differentiated cells, 3) use of 
microfluidic devices.

9.8  Quality control (Q)C standards 
and reference iPSC lines
It is well documented how to create patient-specific iPSC lines 
by using different reprogramming methods and different start-
ing cell types. However, there are pronounced differences in 
differentiation potential among iPSC lines. Therefore, there is 
a great need for establishment of QC standards and control of 
iPSC lines worldwide to ensure both reproducibility and consis-
tency in basic research and clinical applications of iPSCs. The 
training in QC standards and reference iPSC lines will be on: 1) 
QC testing standards, 2) validation of iPSC culture media and 
reagents, 3) reference iPSC lines. 

phology, dark areas, or exhibit fibroblast- or endothelial-like 
morphology. Identification and removal of the differentiated ar-
eas requires training and some experience. It is critical to change 
the medium and monitor cell growth daily, and to passage iPSCs 
regularly. Cell overgrowth will result in loss of pluripotency and 
differentiation potential, and trigger spontaneous differentiation 
of iPSCs (Fig. 2). 

The most relevant points to focus on in the training will be: 
1) colony morphology, 2) identification of differentiated areas,
3) removal technique for differentiated areas, 4) estimation of
cell confluence, 5) making iPSC aggregates, and 6) timing of
passaging iPSCs.

9.4  Photography and documentation 
of iPSC culture
Morphology and confluence of iPSCs needs to be followed and 
documented. This requires a portable microscope placed inside 
a biosafety cabinet or use of an inverted microscope with a 
camera on the lab bench. During development of iPSC lines, 
it is recommended to record media change logs and to photo-
graph iPSC colonies at different magnifications over time. For 
creation of an iPSC batch file and documentation, the training 
will include: 1) creation of forms and working instructions for 
iPSC culture, 2) recording media change dates and media lots, 
3) photographing iPSC colonies at 4x and 10x magnifications,
and 4) adding pictures to iPSC documentation.

9.5  Viability and acceptability after recovery
Unlike standard cell culture, a single iPSC suspension does 
not survive well after seeding. Therefore, post-thaw recovery 
quality control is based on iPSC colony numbers after seeding 
instead of post-thaw viability. The training for thawing of cryo-
preserved iPSCs should focus on: 1) thawing procedures, 2) 
colony count, 3) seeding density.

Fig. 2: iPSC examples colony morphologies which are unacceptable and acceptable for passage or preservation
A) shows examples of colony morphologies that would be unacceptable for passage or preservation, i.e., colonies with regions with
spontaneous differentiation. B) Shows examples of optimal (panel B1-3 from left to right) and acceptable (4th panel left to right)
morphology colonies. Bars represent 500 μm.
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https://doi.org/10.1098/rstb.2002.1058
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Andrews, P. W., Baker, D., Benvinisty, N. et al. (2015). Points 
to consider in the development of seed stocks of pluripotent 
stem cells for clinical applications: International Stem Cell 
Banking Initiative (ISCBI). Regen Med 10, 1-44. https://doi.
org/10.2217/rme.14.93

Anon (1980). Budapest treaty on the international recognition 
of the deposit of microorganisms for the purposes of patent 
procedure of 28 April 1977, as amended on 26 September 1980. 
Geneva, Switzerland: World Intellectual Property Organisation. 
http://www.wipo.int/treaties/en/registration/budapest/ 

Armstrong, S. E., Mariano, J. A. and Lundin, D. J. (2010). 
The scope of mycoplasma contamination within the 
biopharmaceutical industry. Biologicals 38, 211-213. https://
doi.org/10.1016/j.biologicals.2010.03.002

Avior, Y., Biancotti, J. C. and Benvenisty, N. (2015). TeratoScore: 
Assessing the differentiation potential of human pluripotent 
stem cells by quantitative expression analysis of teratomas. 
Stem Cell Reports 4, 967-974. https://doi.org/10.1016/j.
stemcr.2015.05.006

Baker, D. E. C., Harrison, N. J., Maltby, E. et al. (2007). 
Adaptation to culture of human embryonic stem cells and 
oncogenesis in vivo. Nat Biotechnol 25, 207-215. https://doi.
org/10.1038/nbt1285

Beers, J., Gulbranson, D. R., George, N. et al. (2012). Passaging 
and colony expansion of human pluripotent stem cells by 
enzyme-free dissociation in chemically defined culture 
conditions. Nat Protoc 7, 2029-2040. https://doi.org/10.1038/
nprot.2012.130

Bhutani, K., Nazor, K. L., Williams, R. et al. (2016). Whole-
genome mutational burden analysis of three pluripotency 
induction methods. Nat Commun 7, 10536. https://doi.
org/10.1038/ncomms10536

Bickmore, W. A. (2001). Karyotype analysis and chromosome 
banding. In eLS (1-7). Chichester: John Wiley & Sons Ltd. 
https://doi.org/10.1038/npg.els.0001160

Bock, C., Kiskinis, E., Verstappen, G. et al. (2011). Reference 
maps of human ES and iPS cell variation enable high-
throughput characterization of pluripotent cell lines. Cell 144, 
439-452. https://doi.org/10.1016/j.cell.2010.12.032

Borowiak, M., Maehr, R., Chen, S. et al. (2009). Small 

10  Conclusions

The development of GCCP (Coecke et al., 2005) has contribut-
ed to the quality assurance of cell culture work. The increasing 
use of stem cell-derived systems and more organotypic culture 
methods requires an update, especially as unique procedures 
and tests are required. The complexity of model systems and 
long-term culture needs further add to quality needs. They also 
imply higher costs and difficulties regarding extensive repli-
cates as well as replication by others. Quality control is there-
fore paramount to ensure the validity of results. 

The use of human cells implies a higher risk of human patho-
gens and necessitates strict adherence to the respective safety 
measures and assurance of ethical provenance. These are both 
especially important with iPSC technology, where increasingly 
blood samples are used for reprogramming and cell donors are 
often still alive and could possibly be identified through pub-
lication of certain data. Control of raw genetic data and other 
patient-sensitive information have to be carefully considered in 
the best interest of the donor and to assure the research is not 
discredited as unethical. 

Proper training is mandatory for quality of work, to protect 
personnel, to avoid wasted time and resources and to help assure 
adherence to ethical and legal standards. Stem cell work is often 
more demanding in this respect than traditional cultures and 
might require additional training also for experienced research-
ers and technicians.

Many aspects of these new model systems are no different 
from traditional cell cultures. They were briefly summarized 
here for completeness of this report as a stand-alone document. 
A revised GCCP, working title GCCP 2.0, shall combine these 
aspects, update the original guidance and expand to other as-
pects such as the use of primary human tissues. This step toward 
GCCP 2.0 is paralleled by the establishment of an International 
GCCP Collaboration (GCCPC)22, for which a secretariat is 
provided by CAAT at Johns Hopkins University. Interested 
parties are invited to contact the center (caat@jhsph.edu). This 
initiative aims for the development and implementation of cell 
culture quality standards in research and development as a pre-
requisite for reproducible, relevant research as an alternative to 
animal testing.
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Annex E. Standardisation and accreditation bodies 

Accreditation is a formal declaration by a neutral third party used to verify that laboratories have an 

appropriate quality management system and can properly perform certain test methods (e.g., ANSI, ASTM, 

and ISO test methods) and calibration parameters according to their scopes of accreditation. Organisations 

that issue credentials or certify third parties against official standards are themselves formally accredited 

by accreditation bodies, such as United Kingdom Accreditation Service (UKAS). 

The International Organisation for Standardisation (ISO) is an independent, non-governmental 

membership organisation and the world's largest developer of International Standards with a central 

secretariat based in Geneva, Switzerland.  The ISO story dates back to 1946 when delegates from 25 

countries met at the Institute of Civil Engineers in London and decided to create a new international 

organization ‘to facilitate the international coordination and unification of industrial standards’1.   

In this organisation, different industries define their specific technical standards and quality management 

requirements and issue ISO standards to guide conformity. ISO also standardises in vitro methods. 

Companies and organisations working according to ISO guidelines can ask for a conformity check and 

certification by independent accreditation bodies. ISO itself is not a controlling body, but has established 

a committee on conformity assessment (CASCO) guiding certification organisations. 

 

While the OECD Principles of Good Laboratory Practice (GLP) and ISO/IEC 17025 both set out 

requirements for quality management systems under which testing is conducted, they have, as a result of 

their evolution and history, different purposes (OECD, 2016c).  

 

ISO/IEC 17025 is an international standard intended to be applied by laboratory facilities conducting 

testing, according to established or specifically developed methodologies. The focus of the standard is on 

the on-going operation, monitoring and management of the laboratory itself, and on the capacity of the 

laboratory to produce consistent and reliable results that are scientifically valid. ISO/IEC 17025 can, in 

theory, be applied to any testing laboratory in any scientific discipline including those performing non-

clinical testing. It is a reliable indicator of technical competence, and many industries routinely specify 

laboratory accreditation for suppliers of testing services. 

 

Note

1. See: http://www.iso.org 

 

http://www.iso.org/
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Annex F. Good Laboratory Practice 

 

Good Laboratory Practice (GLP) was developed in the 1970s in response to fraudulent scientific safety 

studies that were submitted to receiving authorities in support of applications for the regulatory 

registration/approval of drugs to the US FDA. Subsequently the principles of GLP were developed by the 

OECD to ensure data reliability and reconstructability of safety studies. The principles apply to all non-

clinical health and environmental safety studies required by regulations for the purpose of registering or 

licensing chemical products of various kinds. The principles have been published in 1981 as an annex to 

the OECD Council Decision on Mutual Acceptance of Data (MAD)1. The decision states that ‘data 

generated in the testing of chemicals in an OECD Member Country in accordance with the OECD Test 

Guidelines (Annex I of this decision) and OECD Principles of Good Laboratory Practice (Annex II of this 

decision) shall be accepted in other member countries for purposes of assessment and other uses relating 

to the protection of man and the environment’. Since 1981 a number of additional guidance, consensus and 

advisory documents have been published in the OECD Series on Principles of GLP2, including an Advisory 

Document of the OECD Working Group on GLP n° 14 which specifically addresses in vitro Studies 

(OECD, 2004a). 

 

In the EU, the principles of GLP are included in Directive 2004/10/EC, while the compliance monitoring 

procedures are included in Directive 2004/9/EC. GLP provisions are included in legislation for chemicals, 

human medicinal products, veterinary products, detergents, feed additives, food additives, genetically 

modified food or feed, pesticides, biocides and cosmetics (Coecke et al., 2016), as well as for medical 

devices. Where applicable, conformity with the provisions of Directive 2004/10/EC of the European 

Parliament and of the Council shall be demonstrated. The US FDA requires GLP in the context of safety 

testing on medical devices.  

 

Notes

1. See: http://www.oecd.org/env/ehs/mutualacceptanceofdatamad.htm 

2. See: 

http://www.oecd.org/chemicalsafety/testing/oecdseriesonprinciplesofgoodlaboratorypracticeglpandcompli

ancemonitoring.htm 

 

http://www.oecd.org/env/ehs/mutualacceptanceofdatamad.htm
http://www.oecd.org/chemicalsafety/testing/oecdseriesonprinciplesofgoodlaboratorypracticeglpandcompliancemonitoring.htm
http://www.oecd.org/chemicalsafety/testing/oecdseriesonprinciplesofgoodlaboratorypracticeglpandcompliancemonitoring.htm
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Annex G. Solubility 

How do we measure solubility?  

 Solubility Determination  

o Visual inspection 

o Nephelometry  

o UV/VIS (absorbance) 

o UV/VIS following filtration step 

o Separation using High Performance Liquid Chromatography (HPLC) or Liquid 

Chromatography (LC) coupled with Mass Spectroscopic (MS) or UV detection (e.g., 

LC/MS, HPLC/MS) 

 Several time points could be considered to make sure equilibrium is reached. 

How does insolubility affect the concentration in an in vitro method?  

 IC50 values can be shifted up if the test item precipitates as the effective concentration will be 

lower than the nominal concentration prepared. 

 Precipitates may also affect read-outs of the in vitro method and lead to impaired reproducibility 

For some test items achieving suggested maximal target test concentration is difficult due to lack 

of solubility in test media.  

 The exact threshold depends on the test item and the nature of the media used in the specific in 

vitro method. 

 The highest concentration in OECD TGs for mammalian cells for genotoxicity testing is 10 mM 

test item concentration in the tissue culture medium. Therefore, solubility needs to be achieved 

at a 1M in DMSO (so that the final concentration of DMSO on the cells is not higher than 1%). 

 There are exceptions which do not require full solubility e.g., OECD TG 442D, TG 442E and 

TG 487, where the highest test concentration is at the border of solubility, showing turbidity or 

slight precipitation (if not limited by other factors, such as cytotoxicity, pH, osmolality, etc.). 

For these test items should there be guidance on how to establish the top concentration to test? For 

example if guidance indicates substances should be tested at top concentration of 1 mg/mL or 1mM 

but a substance does not go into solution at that concentration, is there some fractional 

concentration factor that should be used to determine what next lower concentration to try?  

 The spacing between concentrations is in vitro method-specific and can be used for solubility 

assessment as well. It is desirable to stay as close as possible to the precipitating concentration 

with the top concentration. 

 A preliminary test is often carried out to determine the appropriate concentration range of the 

test item to be tested, and to ascertain whether the test item may have any solubility and 

cytotoxicity issues (OECD TG 455) often using log-serial dilutions starting at the maximum 

acceptable concentration (e.g., 1 mM, 100 μM, 10 μM, maximum solubility, etc.) to find a 

concentration-response curve. Further runs, using smaller serial dilutions (e.g., 1:2, 1:3) are then 
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used to focus in on the concentration-response curve, usually using six to eight concentrations 

(e.g., OECD TG 442E). 

If it is difficult to get a test item in solution, at what point is the test item set aside as non-testable 

in the in vitro method?  

 Test items are generally dissolved in a solvent (e.g., DMSO, ethanol, purified water). As a general 

rule, the final solvent concentrations should be as low as possible to avoid any potential 

interference with the in vitro method. Additional treatment(s) such as employing longer time 

frame, vortexing, sonication and/or heating may be if required. 

 In general test items should also be evaluated at low non-precipitating concentrations (if 

dissolved). 

Is there a standard method or methods that could be used to accurately establish the solubility 

limits of test items so appropriate concentrations could be selected for testing?  

 There are very accurate methods to determine the saturation point: e.g., analytical determination 

by HPLC and/or LC-MS/MS of concentration sampled from the supernatant, see OECD TG 105 

for examples.  

 Nephelometric measurement of turbidity is much more accurate than visual evaluation (also 

possible in 96-well microtiter plates).  

 Precipitation can be identified with the eye quite easily.  

 It is important that the test facility has defined procedures (ideally SOPs) in place that describe 

how to conduct measurements and how to calibrate the procedure with known compounds 

depending on the intended applications.  

 Kinetic aspects should consider that there are compounds that need significant time to reach 

equilibrium. 

Are there methods for determining solubility that work for some types of test items and not others?  

 The choice of the solubility is dependent on the test item characteristics. UV/VIS methods must 

absorb light at the selected measurement wavelength to be employed. Nephelometry may suffer 

from interference when strong coloured items or items that fluoresce (e.g., contain a benzene 

ring) are measured, e.g., phenol red which has light absorption in 430 and 560 nm and is excited 

by these wavelengths which results in fluorescence emission. 

 It is important to stay, when determining solubility, as close as possible to the real test conditions, 

where temperature and medium components such as pH, salts and proteins can influence 

solubility as most organic compounds absorb light in the UV range. 

What are the set of acceptable solvents that are compatible with in vitro assays?  

 As a common practice, organic solvents (e.g., DMSO, ethanol, methanol and acetone) are 

generally used to prepare the stock concentration even if the test item can also be dissolved in 

purified water. One of the reasons is that organic solvents prevent or minimise the growth of 

microorganisms which can then impact the test item stability over time. In case of a 

chemical/analytical method without living organisms/cells/tissues acetonitrile or methanol may 

be useful. 

 It is important to use a high purity of the solvent (95% to 100% purity). The final solvent 

concentration depends on the nature of the in vitro method but it needs to be less than 5% in most 

cases and can be as low as 0.1% [v/v].  

If a test item is not soluble in the preferred solvent for a given in vitro method, how many of the 

other potential solvents should be tried? Will the compatible solvents be specific to each in vitro 
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method and should the in vitro method define which are acceptable solvents and at what 

concentrations they are acceptable in the final test media?  

 This is an in vitro method-specific question. Compatible solvents have to be defined by the in 

vitro method developer or user. And it has to be clearly demonstrated that the chosen 

concentration of the solvent has no adverse impact on the data.  

 There are recommendations published for specific in vitro methods (also in the OECD TG or 

related SOPs or scientific literature for new in vitro methods). 

If a substance is highly soluble in an aqueous solution, can the substance be dissolved in the in vitro 

method media directly and tested without solvent carrier?  

 Yes, it is the most preferred practise to test without adding any additional compound, so the 

absence of a solvent is highly welcome. 
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Annex H. Biokinetics and xenobiotic bioavailability 

 

Since the techniques used for assessing biokinetics and xenobiotic bioavailability are complex, cost-

intensive and time-consuming, routine use in the laboratory may not always be feasible, and therefore may 

prove more useful in troubleshooting the in vitro method. 

 

Different processes result in a freely dissolved concentration that is not the same as the nominal 

concentration, (i.e., the added concentration). These processes are described in e.g., (Heringa et al., 2006) 

and (Groothuis et al., 2015), and were one of the main topic investigated by the FP7 EU Project Predict-

IV, aimed to improve the predictivity of in vitro methods for unwanted effects of drugs after repeated 

dosing integrating biokinetics and biodynamic data. As one of the project outputs, a step-wise strategy was 

applied to measure and model cell exposure levels over time of a selected number of drugs in the developed 

in vitro assays. The strategy and the major obtained results are described in (Kramer et al., 2015). 

 

Evaporation / plastic and glass binding / sorption 

In vitro systems are often open, with a small gap between the well plate and the lid, to allow air circulation 

for provision of oxygen for the cells and removal of excess CO2. This air circulation allows volatile 

substances to evaporate into the air of the incubator. This may decrease the concentration in the medium 

in the test system, but can also contaminate medium in e.g., blank wells, as the substance can dissolve from 

the air into the medium of other wells present in the well plate or even the incubator. An example showing 

the effect of evaporation on test results can be found in Tanneberger (Tanneberger et al., 2010). It may 

also be advisable to use tape/foil to cover culture plates in order to avoid evaporation of volatile substances 

and cross-contamination between wells  (e.g., OECD TG 442D). 

 

Lipophilic substances tend to bind to the plastic the cell culture plates are made of, although differences 

exist among the types of plastic used. The adsorption to polycarbonate is limited, but in organ-on-a-chip 

devices made of Polydimethylsiloxane (PDMS), there will be partitioning between the PDMS and the 

medium. PDMS is even used as an extraction material for Solid Phase Microextraction (SPME) (Heringa 

and Hermens, 2003) and is therefore not suitable for in vitro test devices for testing of chemical substances. 

Examples where considerable binding to plastic was measured can be found in Kramer et al. (Kramer et 

al., 2012) who also discuss how the addition of serum to medium decreases the binding to plastic. Other 

examples are reviewed in (Kramer et al., 2015), reporting results of the Predict-IV project on cyclosporine 

A, amiodarone and chlorpromazine. The addition of serum to medium decreases the binding to plastic, but 

likely also the uptake into the cells (Pomponio et al., 2015). Glass is a better material to avoid binding but 

very lipophilic substances are known also to bind to glass. Silanised glass can decrease this binding even 

further. 

 

Sorption of the test item to cell-attachment matrices (e.g., collagen or matrigel layer used with hepatocytes 

in culture) is a specific aspect of interaction with the test device, although the relationship between a test 

item’s lipophilicity and binding to is not as clear cut as it is for binding to plastic laboratory ware. The 
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possible physical sequestration of test items, can lead to overestimating intracellular concentrations 

(Kramer et al., 2015). Adsorption by coating material on plastics and feeder cells should also be considered. 

Chemical degradation by hydrolyses and phototoxicity 

The aqueous environment of the medium in an in vitro test enables spontaneous hydrolysis (i.e., without 

the aid of an enzyme) of substances with structures sensitive to this chemical reaction. During the time the 

test system, e.g., the well plate, is outside of the incubator, light will reach the medium and photolysis can 

take place for light sensitive substances. Therefore, information on hydrolysis and photolysis sensitivity is 

necessary before a substance is tested in an in vitro method (Section 6.2). More generally, each test facility 

should have adequate test item characterisation procedures in place to identify if the test item 

characteristics are compatible with the in vitro method. 

 

Metabolism/metabolic stability 

Some cell types have metabolic capacity, meaning that they contain significant levels of enzymes that 

convert the test substance to another substance. Especially cells originating from liver, intestine and lung 

are known to possess metabolic capacity, in decreasing order. In test systems with such cells, especially 

from these tissues, the concentration of the test item may decrease because of this metabolism, and the 

concentration of metabolites will increase. When a positive hazard response is obtained in such a cell 

system, it may thus either be caused by the test item itself, or its metabolite(s). Where there is a lag time 

in the response (compared to the positive control or other reference items), it could be that metabolite(s) 

are responsible (Pomponio et al., 2015). 

Protein binding  

Protein binding can not only affect the freely dissolved concentration of substances as Heringa et al 

demonstrated where moderate differences in protein concentration in the test system resulted in the EC50 

for a substance shifting by two to three orders of magnitude based on nominal concentration; but it also it 

is a factor to consider when comparing the responses between different in vitro systems. In systems where 

protein concentrations are relatively high, it requires more test item to achieve the same freely dissolved 

concentration, and therefore bioavailable concentration, as in those assays with lower protein 

concentrations. Testing at concentrations approaching the solubility limit of the test item within the test 

system does two things: first it provides the best experimental design to compare effects across in vitro test 

systems of similar endpoint but different protein concentration, and it reduces the potential for false 

negative results by testing to optimise the freely dissolved test chemical concentration in the test system. 

When working near the solubility limit of chemicals in test solution it can be helpful to include a 

concentration where solubility appears to be exceeded in the test run to better be able to distinguish it from 

concentrations where solubility is not exceeded. The next lowest test concentration would then be the 

concentration used to determine if there was activity in the assay for that test chemical. This strategy is 

particularly advantageous when the results of in vitro assays are to be used to identify chemicals with any 

potential for activity, especially if further testing hinges on the results from these assays. Such a strategy 

has been considered to be advantageous in minimizing the chance of false negative results (Schmieder et 

al., 2014). 

 

The effect of protein in test systems is not only important for cell-based systems, but is also relevant to 

cell-free systems. For example, a receptor binding assay conducted using a cytosolic or nuclear preparation 

from a tissue may have more total protein than a competitive binding system using recombinant-expressed 
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receptor protein. In the assay with greater concentration of non-receptor protein, it would take a higher 

nominal concentration of test item to displace the endogenous ligand from the receptor, and therefore a 

higher apparent IC50 based on nominal concentration when compared to a competitive binding assay with 

less total protein, but same receptor protein.  

 

Serum is often added to cell culture medium to supplement it with important factors required for cell 

proliferation and maintenance. Serum-free medium is available and used, but not all cell types thrive in 

such culture conditions. Serum contains proteins, including albumin, which has non-specific binding sites, 

to which most organic substances tend to bind. As proteins are large molecules that do not transfer across 

a membrane, the binding to a protein renders a test item unavailable for cellular uptake, thus unable to 

reach any target inside the cell. Thus increasing the protein content in a test system can decrease the freely 

dissolved test item available to reach the target by shifting the equilibrium between freely dissolved and 

protein bound test item. Examples of the effect of serum protein binding can be found in (Heringa et al., 

2004) and in (Pomponio et al., 2015).  

 

On the other hand, serum proteins can also make some test items more accessible or more stable, e.g., for 

medical devices a medium with serum is preferred for extraction because of its ability to support cellular 

growth as well as to extract both polar and non-polar substances. In addition, protein binding also occurs 

in vivo. Therefore an in vitro-in vivo extrapolation method was developed to extrapolate nominal effective 

in vitro concentrations to equivalent in vivo plasma concentrations by accounting for the differences in 

protein concentrations (Gülden and Seibert, 2003).  

Cell membrane absorption  

Cell membranes are composed of fatty acids, thus providing a lipid environment in which lipophilic 

substances will like to absorb. These absorbed molecules are then also not available for a target inside the 

cell. Examples showing the effect of membrane sorption can be found in Gülden et al. (Gülden et al., 2001) 

and in Bellwon et al., (Bellwon et al., 2015). 

Measurement of free concentration/passive dosing 

Clearly, several processes can influence how much of the test item will actually reach the target and is also 

related to its saturation concentration. If test results are based on the added, or nominal, concentrations, 

considerable variation between laboratories may be obtained. Furthermore, in vitro biokinetic processes 

are included in these test results (e.g., an EC50), rendering these unfit for extrapolation to in vivo (see In 

Vitro to In Vivo Extrapolation  IVIVE  below and (Kramer et al., 2015)). For example, if there is 

considerable evaporation, the EC50 in vitro will appear to be much higher than it will be in the same tissue 

in vivo. Thus, in order to obtain pure EC50 values, that relate target concentrations to responses, these target 

concentrations should be measured. As the precise concentration at the target site inside the cell is too 

difficult to measure, the best approximation should be measured, i.e., the free concentration in the cell or 

in the medium. The free concentration in the cell is often still difficult to measure, therefore the free 

concentration in the medium (similar to the free concentration in the cell cytosol), or the total concentration 

in the cells (often for metals) are usually measured. Further information can then be added by calculations 

that take physicochemical and biochemical properties (e.g., transporter substrates) of the substances into 

account. 

 

Methods with which the free concentration can be measured have been reviewed in Heringa et al. 2003 

(Heringa and Hermens, 2003). This review also describes how negligible depletion-solid phase extraction 

(nd-SPME) should be applied to measure free concentrations. This method is very suitable for in vitro 
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tests, as it is suitable for small volumes. Examples of its application in in vitro tests are (Heringa et al., 

2004), (Broeders et al., 2011), and (Kramer et al., 2012). 

 

Measuring the free concentrations does require extra effort and resources in the conduct of the in vitro test, 

as e.g., a chemical analysis method is necessary. This effort can be saved in some instances, depending on 

the properties of the test item: in case of very hydrophilic, non-volatile substances that hardly bind to serum 

proteins, there will hardly be any losses and the nominal concentration will be very similar to the free 

concentration. Figure 14 provides a decision scheme on which concentration should/can be used as dose 

metric (Groothuis et al., 2015). 

Figure 14: Flow chart to aid in choosing an appropriate dose metric for a specific in vitro 

toxicity test (Groothuis et al., 2015) 

 

Notes: First, a choice should be made for dose type based on the characteristics of the chemical and available 

knowledge. Then, the metric can be integrated or averaged in case of time-dependent exposure and irreversible 

mechanisms, or steady reduction over time. Peak concentration is defined here as the maximum concentration 

reached during the exposure period. Biokinetic/Toxicodynamic (BK/TD) may be applied to model partitioning 

and assess concentration changes over time.  

Sources: The chart has been compiled by (Groothuis et al., 2015) using literature data (Austin et al., 2002; 

Gülden et al., 2010; Gülden and Seibert, 2003; Knöbel et al., 2012; OECD, 2011, 2006b, 2006c; Reinert et al., 

2002; Riedl and Altenburger, 2007). 
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To avoid the effort of measuring free concentrations in every sample, passive dosing can be applied. In 

this method, a disk or ring of absorbent material, which is loaded with the test substance, is added to the 

sample. After a time of equilibration, the free concentration will have become proportionate to the 

concentration in the disk or ring, governed by the partition coefficient between water and the disk or ring 

material. If this partition coefficient has been predetermined, and if the amount of substance in the ring or 

disk by far exceeds the amount to be dissolved in the medium, then the free concentration in each sample 

can be easily calculated, and does not need to be measured. A more detailed description of the method 

(Smith et al., 2010) as well as a later study (Smith et al., 2013) provide examples of how passive dosing 

can be applied to in vitro tests. 

 

In vitro to in vivo extrapolation (IVIVE) refers to the qualitative or quantitative transposition of 

experimental results or observations made in vitro to predict phenomena in vivo, on full living organisms. 

When the response of the in vitro test is plotted against the free concentration (or the nominal concentration 

only in case it can be demonstrated/estimated this approximates the free concentration), toxicity parameters 

such as the EC50 or a Benchmark Concentration (BMC) can be derived from the obtained curve. This in 

vitro toxicity parameter can be used as point of departure (PoD) for in vitro test circumstances and directly 

applicable to in vivo extrapolations (Blaauboer et al., 2012; Leist et al., 2014). The corresponding in vitro 

concentrations can be converted into relevant plasma concentrations by taking the protein and lipid 

concentrations in plasma and cell culture medium into account (Bosgra and Westerhout, 2015; Zimmer et 

al., 2014). In a final step, this concentration can be used as input for physiologically based pharmacokinetic 

(PBPK) models to estimate the dose that would result in the respective plasma concentration in man. This 

way an external Benchmark Dose (BMD) can be obtained. PBPK models describe the kinetic processes in 

vivo, relating external doses to tissue concentrations in time. For these models, some physical-chemical 

properties of the test substance need to be known, as well as some kinetic parameters such as the fraction 

absorbed, rate of metabolism, tissue partition coefficients, protein binding coefficients and urinary 

excretion rate (Louisse et al., 2010). Good modelling practices for Physiologically Based PharmacoKinetic 

(PBPK) models have been described by Loizou et al. (Loizou et al., 2008). The recommendations from a 

joint EPAA - EURL ECVAM on how Physiologically Based ToxicoKinetic (PBTK) modelling platforms 

and parameter estimation tools could enable animal-free risk assessment are reported in Bessems et al., 

(Bessems et al., 2014).  
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Annex I. List of viability testing methods (non-inclusive) of cell cultures 

1. Structural cell damage (non-invasive) 

Evaluation of overall cell 

shape, cytoplasmic 

structure, flatness and 

outline properties on a 

good phase contrast light 

microscope 

Screening assay that covers many forms of damage with high sensitivity, 

if observer is experienced. May be automated and rendered quantitative 

to some extent by high content imaging. 

 Advantages: high throughput (if automated), non-invasive, 

repeatable on same well over time. 

 Disadvantages: No clear prediction model (only qualitative data, 

no exact cell death definition), no standalone approach; requires 

extensive experience of operator. 

LDH-release test Cells with intact membrane retain their content of LDH enzyme; LDH is 

released when cell membranes rupture (non-viable cells), and the enzyme 

can then be measured in the supernatant. To give fully quantitative data, 

the assay requires normalisation to the total LDH content of the positive 

control well(s). It can to some extent be repeated for the same culture at 

different time points. 

 Advantages: Measurement of a definite/unambiguous cell death 

endpoint; can be combined with cell function assays. Allows cells 

to be used for other purposes, if only supernatant is sampled. 

 Disadvantages: Information only for cell populations. Requires 

normalisation to the total LDH content of a culture well (extra wells 

for cytotoxicity positive control treated). Frequently high 

background LDH levels are observed (e.g., from serum components; 

signal/noise ratio can be bad in some culture media or with some 

cell types). Problems with long-term assays involving medium 

changes. Not a very sensitive measure of cytotoxicity 

2. Structural cell damage (invasive) 

Membrane penetration 

using dyes to detect 

‘cytotoxicity’ (e.g., 

naphthalene black, trypan 

blue, propidium iodide, 

ethidium bromide, EH-1) 

 

Dyes are selected so that they stain non-viable cells, but do not enter cells 

with an intact cell membrane. Some of the dyes stain the entire cell (e.g., 

trypan blue), others stain the nucleus/DNA (e.g., propidium iodide). Dyes 

that only stain dead cells usually need a combination with a method that 

stains/identifies all cells (such as phase contrast for trypan blue, or a 

nuclear counterstain (H-33342, acridine orange, SYTO-13) for 

fluorescent dyes. 
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 Advantages: Rapid and usually easy to interpret. Gives information 

on the single cell level. High throughput and absolute quantification 

are possible (high content imaging).  

 Disadvantages: May overestimate viability since apoptotic cells 

continue to have intact membranes and may appear viable. Some 

dyes (e.g., trypan blue, H-33342) are cytotoxic, so that the 

evaluation has to be performed rapidly. Trypan blue and ethidium 

bromide, are toxic/CMR classified chemicals and the use should be 

restricted. 

Retention of dyes within 

intact cells to detect 

‘viability’ (e.g., fluorescein 

diacetate or calcein-AM) 

 

After dye exposure, viable cells fluoresce when observed under UV light. 

The lipid-soluble dyes are transformed by cellular enzymes (esterases) 

into lipid-insoluble fluorescent compounds that cannot escape from cells 

with intact membranes. Thus, cells can be observed under a microscope 

(single cell analysis) or with a fluorescence plate reader (population 

analysis). The dyes are often used in combination with a cytotoxicity stain 

(e.g., propidium iodide). 

 Advantages: Rapid and usually easy to interpret. Gives information 

on the single cell level (including morphological information on the 

cell shape). High throughput and absolute quantification are 

possible (high content imaging, fluorescent plate reader or FACS). 

 Disadvantages: Some cells leak the dyes; some cells actively export 

the dyes through P-gp activity. Many fluorescent dyes are prone to 

photo-bleaching, and some may be sensitive to their local 

environment (pH etc.). 

Evaluation of programmed 

cell death/apoptosis 

markers 

As programmed cell death is a universal biological process based on 

defined cellular biochemical pathways and organelle changes, the 

activation of cell-death-associated pathways is often used as surrogate 

marker for cell death. An example for such a pathway is the activation of 

caspases (detectable in populations by enzymatic analysis or in single 

cells by staining) or the activation of endonucleases (detectable on 

population level as DNA-fragmentation). Moreover, a typical type of 

chromatin condensation (detectable by DNA stains) and the display of 

phosphatidylserine on the outside of the plasma membrane (detectable by 

Annexin staining) is highly correlated with apoptotic death. 

 Advantages: Adds mechanistic information to cytotoxicity data. 

Several endpoints are easy to quantify and useful for high through-

put measurements. 

 Disadvantages: Not all types of cell death may be detected by a 

given endpoint. Needs to be combined with a general cytotoxicity 

test. Some endpoints are prone to artefacts (Annexin staining) and 

some staining techniques (TUNEL, caspase-3) lead to an un-

intentional selection of subpopulations. Caspase activity 
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measurement does not easily yield a prediction model for the extent 

of cell death. 

3. Cell growth 

Cell counting For some cell populations, continued growth is a defining feature, and 

thus impaired growth needs to be considered as a reduction of viability. 

Notably, impaired growth/proliferation is not necessarily correlated with 

cell death; it is thus rather a functional viability endpoint than a 

cytotoxicity measure. A special case for growth is the increase in cell size 

without proliferation. This feature is e.g., seen for the extension of 

neurites by neurons. The gold standard analytical endpoint for the 

growth/proliferation endpoint is counting (or morphometry). There are 

many ways of counting cells, either as single particles (e.g., by FACS or 

HCI) or by assessing a biochemical parameter correlated to cell number 

(e.g., DNA content). 

 Advantages: Growth can be a sensitive parameter of cell well-

being. 

 Disadvantages: Growth is a functional endpoint, not necessarily 

linked to cytotoxicity; artefacts for growth endpoints may arise from 

inhomogeneous growth of subpopulations: moreover, growth may 

hide ongoing cell death, and thus needs careful control in 

combination with cytotoxicity assays. 

BrdU or EdU incorporation Measures new DNA synthesis based on incorporation of the easily 

detectable nucleoside analogs BrdU (or EdU) into DNA. BrdU can be 

detected e.g., by fluorescent-labelled antibodies in permeabilised cells. 

Alternatively, radiolabelled thymidine can be used. 

 Advantages: Measurement on single cell level. Easy to quantify and 

use at high throughput. 

 Disadvantages: BrdU/EdU can be cytotoxic; no information 

available on how often one given cell has divided. High cost and 

effort compared to counting. 

Staining of cellular 

components that are 

proportional to overall cell 

mass (proteins by e.g., 

sulforhodamine B or 

crystal violet; DNA by 

Hoechst H-33342) 

These assays evaluate a surrogate measure of overall cell mass and 

assume that it correlates with total cell number. In non-proliferating cells, 

or with continuous ongoing proliferation, the endpoints are also 

frequently used as indicators of cytotoxicity, as dead cells often detach 

from plates and reduce the overall cell mass. 

 Advantages: Simple and cheap; lots of historical data. 

 Disadvantages: Mostly not a single cell measure but only 

population level. Protein staining is only a surrogate endpoint of real 

cell number. For DNA quantification with Hoechst 33342: 

fluorescent probe penetration, bleaching, and cytotoxicity are issues 
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to be considered. Crystal violet is a toxic/CMR classified chemicals 

and the use should be restricted. 

4. Cellular metabolism 

3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium 

(MTT) assay, or similar 

tetrazolium dye reduction 

assays (e.g., WST-8) 

 

Biochemical activity (mostly mitochondrial metabolism; production of 

reducing equivalents like NAD(P)H) in viable cells causes reduction of 

the tetrazolium dye. The resultant formazan is extracted and measured 

spectrophotometrically. The rate of formation of formazan corresponds 

to the function of essential cellular processes like respiration.  

 Advantages: High throughput, easy, robust, low cost. Used in 

several ISO standards and OECD test guidelines. High sensitivity. 

Can be used for tissue constructs.  

 Disadvantages: Measures amount of viable cells (only indirect 

measure of cell death), and needs control for contribution of 

proliferation. Cells with reduced mitochondrial function may appear 

non-viable. Inhibition of cell metabolism by the test item causes low 

values in the assay which is not necessarily related to cell viability. 

Some test items interfere with the assay e.g., by reducing the dye 

why interference testing is recommended. Measurement usually not 

on single cell level. Some cell cultures need long time to reduce 

sufficient amount of dye (no sharp time point for viability 

definition). Assessment of kinetic of the reduction may be necessary 

to ensure proper selection of incubation time with a tetrazolium dye 

(to avoid reaching plateau of OD). 

Resazurin reduction assay 

(sometimes called Alamar 

blue) 

Similar to tetrazolium reduction assays. Fluorescent/absorbent resorufin 

is formed from resazurin through mitochondrial metabolism of viable 

cells. 

 Advantages: Many tests can be performed rapidly in multi-well 

dishes. Cells can be tested repeatedly (non-invasive measurement). 

High sensitivity. 

 Disadvantages: Cells with reduced mitochondrial function may 

appear non-viable. Some test items interfere with the assay (e.g., 

superoxide also reduces the dye) why interference testing is 

recommended. Measurement only on population level. Some cell 

cultures need a long time to reduce sufficient resazurin (no sharp 

time point for viability definition). 

Mitochondrial 

depolarisation assays 

(based on fluorescent 

indicator dyes) 

Many organelle functions are used as endpoints of general cell health. 

Most frequently, mitochondrial function is assessed (see MTT, 

resazurin). One mitochondrial test on the single cell level is the 

measurement of mitochondrial membrane potential by addition of 

potential sensing fluorescent dyes like JC-1, TMRE, MitoTracker, etc. 

Quantification is by HCI or FACS 
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 Advantages: Fast, inexpensive, high throughput; single cell 

information. 

 Disadvantages: As for MTT (measures cell function, not 

cytotoxicity). Artefacts by test items that affect mitochondria 

specifically. Artefacts by test items that affect plasma membrane 

potential. Artefacts due to bleaching, quenching and unquenching, 

and due to shape changes and clustering of mitochondria. 

Neutral Red Uptake (NRU) 

 (ISO 10993) 

 

A cell organelle function assay assessing lysosomal function. Active cells 

accumulate the red dye in lysosomes and the dye incorporation is 

measured by spectrophotometric analysis.  

 Advantages: Low cost. Used in several ISO standards and OECD 

test guidelines. Historic data base. 

 Disadvantages: Normalisation required for quantitative 

measurement, e.g., with protein content or number of cells. Usually 

only gives information at the population level. Not suited for tissue 

constructs and certain cell lines. Not suitable for test items that affect 

lysosome function. 

ATP assays 

 

 

Measurement of the total ATP content in a cell population. Dying cells 

fail to produce ATP, have an increased ATP consumption, and may lose 

ATP through perforations of the plasma membrane. For the test, cell 

lysates are prepared, and the ATP content is assesses by a luminometric 

assay. 

 Advantages: Fast, high throughput 

 Disadvantages: No single cell data, expensive, requires a 

luminometer, as MTT: measurement of viable cell mass, not a direct 

measure of cytotoxicity. Artefacts as for other mitochondrial tests. 

 

 

 

 

 

 


