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DRAFT KEY EVENT-BASED TEST GUIDELINE 442E  

IN VITRO SKIN SENSITISATION ASSAYS ADDRESSING THE 
KEY EVENT ON ACTIVATION OF DENDRITIC CELLS ON THE 
ADVERSE OUTCOME PATHWAY FOR SKIN SENSITISATION 

Note: Annexes I, II and III are not described in this draft document which only includes the 
General introduction and a draft new Annex IV on Genomic allergen rapid detection for 
assessment of skin sensitisiters (GARD™skin). The other test methods included in TG 442E 
are available at: Link 

GENERAL INTRODUCTION 

Activation of dendritic cells Key Event based Test Guideline 

1. A skin sensitiser refers to a substance that will lead to an allergic response following skin contact as 
defined by the United Nations Globally Harmonized System of Classification and Labelling of 
Chemicals (UN GHS) (1). There is general agreement on the key biological events underlying skin 
sensitisation. The current knowledge of the chemical and biological mechanisms associated with skin 
sensitisation has been summarised as an Adverse Outcome Pathway (AOP) (2), starting with the 
molecular initiating event through intermediate events to the adverse effect, namely allergic contact 
dermatitis. In this instance, the molecular initiating event (i.e. the first key event) is the covalent binding 
of electrophilic substances to nucleophilic centres in skin proteins. The second key event in this AOP 
takes place in the keratinocytes and includes inflammatory responses as well as changes in gene 
expression associated with specific cell signalling pathways such as the antioxidant/electrophile 
response element (ARE)-dependent pathways. The third key event is the activation of dendritic cells 
(DC), typically assessed by expression of specific cell surface markers, chemokines and cytokines. The 
fourth key event is T-cell activation and proliferation, which is indirectly assessed in the murine Local 
Lymph Node Assay (LLNA) (3). 

2. This Test Guideline (TG) describes in vitro assays that address mechanisms described under the Key 
Event on activation of dendritic cells of the AOP for skin sensitisation (2). The TG comprises test 
methods to be used for supporting the discrimination between skin sensitisers and non-sensitisers in 
accordance with the UN GHS (1).  

The test methods described in this TG are: 

- Human Cell Line Activation test (h-CLAT) 

- U937 cell line activation Test (U-SENS™) 

- Interleukin-8 Reporter Gene Assay (IL-8 Luc assay) 

- Genomic Allergen Rapid Detection (GARD™) for assessment of skin sensitisers (GARD™skin) 

3. The test methods included in this Test Guideline may differ in relation to the procedure used to 
generate the data and the readouts measured but can be used indiscriminately to address countries’ 
requirements for test results on the Key Event on activation of dendritic cells of the AOP for skin 
sensitisation while benefiting from the Mutual Acceptance of Data. 

 

Background and principles of the test methods included in the Key Event 
based Test Guideline 

4. The assessment of skin sensitisation has typically involved the use of laboratory animals. The classical 
methods that use guinea-pigs, the Guinea Pig Maximisation Test (GPMT) of Magnusson and Kligman, 
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and the Buehler Test (TG 406) (4), assess both the induction and elicitation phases of skin sensitisation. 
The murine tests, the LLNA (TG 429) (3) and its two non-radioactive modifications, LLNA: DA (TG 
442 A) (5) and LLNA: BrdU-ELISA (TG 442 B) (6), all assess the induction response exclusively, and 
have also gained acceptance, since they provide an advantage over the guinea pig tests in terms of animal 
welfare together with an objective measurement of the induction phase of skin sensitisation. 

5. Recently mechanistically-based in chemico and in vitro test methods addressing the first key event 
(OECD TG 442C; Direct Peptide Reactivity Assay (7)), and second key event (OECD TG 442D; ARE-
Nrf2 Luciferase Test Method (8)) of the skin sensitisation AOP have been adopted for contributing to 
the evaluation of the skin sensitisation hazard potential of chemicals.  

6. Test methods described in this TG either quantify the change in the expression of cell surface 
marker(s) or genomic transcripts associated with the process of activation of monocytes and DC 
following exposure to sensitisers (e.g. CD54, CD86) or the changes in IL-8 expression, a cytokine 
associated with the activation of DC. Skin sensitisers have been reported to induce the expression of cell 
membrane markers such as CD40, CD54, CD80, CD83, and CD86 in addition to induction of 
proinflammatory cytokines, such as IL-1β and TNF-α, and several chemokines including IL-8 (CXCL8) 
and CCL3 (9) (10) (11) (12), associated with DC activation (2).   

7. However, as DC activation represents only one key event of the skin sensitisation AOP (2) (13), 
information generated with test methods measuring markers of DC activation alone may not be sufficient 
to conclude on the presence or absence of skin sensitisation potential of chemicals.  Therefore data 
generated with the test methods described in this Test Guideline are proposed to support the 
discrimination between skin sensitisers (i.e. UN GHS Category 1) and non-sensitisers when used within 
Integrated Approaches to Testing and Assessment (IATA), together with other relevant complementary 
information, e.g. derived from in vitro assays addressing other key events of the skin sensitisation AOP 
as well as non-testing methods, including read-across from chemical analogues (13). Examples of the 
use of data generated with these methods within Defined Approaches, i.e. approaches standardised both 
in relation to the set of information sources used and in the procedure applied to the data to derive 
predictions, have been published (13) and can be employed as useful elements within IATA.  

8. The test methods described in this Test Guideline cannot be used on their own, neither to sub-
categorise skin sensitisers into subcategories 1A and 1B as defined by UN GHS (1), for authorities 
implementing these two optional subcategories, nor to predict potency for safety assessment decisions. 
However, depending on the regulatory framework, positive results generated with these methods may 
be used on their own to classify a chemical into UN GHS category 1. 

9. The term "test chemical" is used in this Test Guideline to refer to what is being tested1 and is not related 
to the applicability of the test methods to the testing of mono-constituent substances, multi-constituent 
substances and/or mixtures. Limited information is currently available on the applicability of the test 
methods to multi-constituent substances/mixtures (14) (15). The test methods are nevertheless technically 
applicable to the testing of multi-constituent substances and mixtures. When considering testing of 
mixtures, difficult-to-test chemicals (e.g. unstable), or test chemicals not clearly within the 
applicability domain described in this Guideline, upfront consideration should be given to 
whether the results of such testing will yield results that are meaningful scientifically. Moreover, 
when testing multi-constituent substances or mixtures, consideration should be given to possible 
interference of cytotoxic constituents with the observed responses.  

                                                             
1  In June 2013, the Joint Meeting agreed that where possible, a more consistent use of the term 
"test chemical" describing what is being tested should be applied in new and updated Test Guidelines.  
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ANNEX IV: IN VITRO SKIN SENSITISATION: GENOMIC ALLERGEN 
RAPID DETECTION (GARD™) FOR ASSESSMENT OF SKIN 

SENSITISITERS (GARD™skin) 

 

Initial Considerations and Limitations 

1. The GARD™skin method provides binary hazard identification of skin sensitisers 
(i.e. UN GHS Category 1 versus non-sensitisers). The method evaluates the transcriptional 
patterns of an endpoint-specific genomic biomarker signature, referred to as the GARDskin 
Genomic Prediction Signature (GPS), in the myeloid leukaemia SenzaCell™ (1) cell line 
exposed to test chemicals.  

2. The GARDskin GPS was identified by genome-wide data-driven analysis of the 
human surrogate DC-like SenzaCell cell line exposed to a panel of well-characterized skin 
sensitisers (UN GHS Category 1) (N=20) and non-sensitisers (N=20) (2). The potential 
utilization of the GARDskin GPS in a predictive assay was proposed (3), and the functionality 
was demonstrated in a GARDskin application based on the GeneChip® microarray platform 
(4). Following the evaluation of alternative technological platforms for targeted gene expression 
analysis (5), GARDskin was transferred to a NanoString nCounter® system (6) format, on 
which it was demonstrated to exhibit retained predictive performance, with an estimated 
predictive accuracy of 90% (test chemicals N=29, skin sensitisers (S) N=17, non-sensitisers 
(NS) N=12), as well as improved resource effectiveness (7).  

3. The GARDskin method has been evaluated in a validation study (8) coordinated 
by SenzaGen AB and subsequently independently peer reviewed by the European Union 
Reference Laboratory for Alternatives to Animal Testing (EURL ECVAM) Scientific Advisory 
Committee (ESAC) (9). Considering all available evidence and input from regulators and 
stakeholders, the GARDskin was recommended to be used as part of an IATA to support the 
discrimination between skin sensitisers and non-sensitisers for the purpose of hazard 
classification and labelling.  
 
4. In addition to a review of data produced within the context of the ring trial, the 
ESAC also performed an in-depth review of the complete GARDskin analysis pipeline and its 
bioinformatical components, as hosted in the GARD Data Analysis Application (GDAA) and 
described in the Supporting document to the Test Guideline for the GARDskin test method (9). 
The ESAC was able to reproduce the prediction algorithm and verify and reproduce all steps 
from raw data to final classifications of test chemicals (10).  
 
5. GARDskin was demonstrated to be transferable to naïve laboratories experienced 
in routine cell culture and molecular biology techniques, including flow cytometry and isolation 
of RNA (test chemicals N=28). The levels of within-laboratory reproducibility (WLR) for 
GARDskin obtained in the validating ring trial ranged between 78.6-89.2% when considering 
also the concordance of missing data points and 82.1-88.9% when excluding missing data 
points. Similarly, an estimation of between-laboratory reproducibility (BLR) was calculated to 
82.1% when considering also the concordance of missing data points and 92.0% when 
excluding missing data points (8, 10).  
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6. Results generated in the validation study (10) overall indicated that, when 
compared with an expert judgement-based classification reference data set as summarized and 
presented by the ESAC (10), the accuracy in distinguishing skin sensitisers (i.e. UN GHS Cat.1) 
from non-sensitisers is 91.7% (N=28) with a sensitivity of 92.4% (N=19) and a specificity of 
90.1% (N=9). The balanced accuracy was 91.2%. Omitting test chemicals which overlap with 
the GARDskin training dataset, thereby only considering truly naïve test chemicals, the 
accuracy in distinguishing skin sensitisers (i.e. UN GHS Cat.1) from non-sensitisers is 95.4% 
(N=17) with a sensitivity of 96.6% (N=13) and a specificity of 91.7% (N=4). The balanced 
accuracy was 94.1%. 

7. Following the submission of the GARDskin method, OECD published the 
guideline on Defined Approaches for Skin Sensitisation (11). With this publication, an extended 
dataset of chemicals with curated LLNA and human reference data became public (12).  
Taking this curated reference data into account, the predictive performance of GARDskin was 
calculated, as summarized in Table 1, using GARDskin data generated in the validation study 
(10) or available in other published studies (13). As these figures are based on imbalanced 
datasets, the measure of specificity should be regarded as uncertain.  

 

Table 1. Performance of GARDskin  in comparison to  LLNA  or human reference data (12). 

  LLNA  Human  
 

 
NS 

(N=11) 
S  

(N=64) 
 

NS  
(N=9) 

S 
(N=27) 

 

GARDskin NS 9.89 8.16  4.94 3.68  
S 1.11 55.9  4.06 23.3  

Accuracy 87.6%  78.5%  
Sensitivity 87.2%  86.4%  
Specificity 89.9%  54.9%  
Balanced accuracy 88.6%  70.7%  
N 75  36  

 

 8. Taken together, this information indicates the usefulness of the GARDskin 
method to contribute to the identification of skin sensitisation hazards. However, the test 
method should be considered in combination with other sources of information in the context 
of an IATA and in accordance with the provisions of paragraphs 7 and 8 in the General 
introduction. Furthermore, when evaluating non-animal methods for skin sensitisation, it should 
be kept in mind that the LLNA test as well as other animal tests may not fully reflect the 
situation in humans. 

9. Known limitations of the method are mainly associated with solubility issues and 
compatibility with vehicles as well as the aqueous cell system. In addition, autoflourescent test 
chemicals may interfere with flow cytometry-based cytotoxicity assessments. The known 
limitations are listed in Appendix II, together with potential circumventions. On the basis of the 
currently available data, the GARDskin method has been shown to be applicable to test 
chemicals covering a wide variety of organic functional groups, reaction mechanisms, skin 
sensitisation potencies and physicochemical properties (8, 13, 14). No obvious incompatible 
classes and/or types of chemistries are overrepresented among observed mispredictions in 
available data. Similar conclusions were drawn from an independent expert/expert systems 
review of reported data, which was also included in the data package submitted for ESAC peer-
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review (15). Of particular note, method applicability and predictive performance are maintained 
in certain chemical space subsets that are otherwise considered inherently difficult to accurately 
assess. This includes e.g. lipophilic compounds (logP > 3.5) (13), indirectly acting haptens (13) 
and metal compounds (14).  

10. The GARDskin method was validated for assessment of mono-constituent 
chemical substances. Although not evaluated in the validation studies, the test method is 
nevertheless technically applicable to the testing of multi-constituent substances and mixtures. 
Before use of the TG on a mixture for generating data for an intended regulatory purpose, it 
should be considered whether, and if so why, it may provide adequate results for that purpose. 
Such considerations are not needed, when there is a regulatory requirement for testing of the 
mixture. GARDskin compatibility has been demonstrated for selected  UVCBs (e.g. poly-
constituent oils) (13), as well as selected agrochemical formulations, for which data indicate 
the assay being applicable to liquid formulations with a variety of compositions particularly 
with reference to water, organic solvents and surfactants content (16). Similarly, applicability 
of GARDskin for assessment of skin sensitising effects of leachables from solid materials, e.g. 
medical device materials, has been demonstrated (17).  

 

Demonstration of laboratory proficiency 

11. Prior to routine use of GARDskin, laboratories should demonstrate technical 
proficiency in conducting the test method. Proficiency is demonstrated by testing of a specified 
set of proficiency chemicals with known sensitising properties, as listed in Appendix III. This 
testing will also confirm the responsiveness of the test system. Testing of the proficiency 
chemicals should be carried out in full adherence to the herein described procedure, and the 
results should be consistent with the listed classifications in Appendix III. A historical database 
of data generated with the proficiency chemicals shall be maintained at the test facility to 
confirm the reproducibility of the test method over time. 

 

Periodic testing of cloud-based software 

12. The GARDskin data analysis pipeline is based on a cloud-based and version-
controlled software referred to as the GDAA, which facilitates the entire data analysis-
workflow, from raw-data preprocessing to final classification of test chemicals. Test facilities 
should periodically and before each use, check all functions of the cloud-based software (19, 
20). A historic reference test dataset should therefore be uploaded to the cloud-based system 
and processed/analysed by the software. The test chemicals of this reference test dataset are 
specified by the test facility, but each test chemical should generate exact and reproducible test 
results over time, in terms of generated decision values and Message-Digest algorithm 5 (MD5) 
checksums (21). For further details and explanations of decision values and MD5 checksums, 
see section Data Analysis and Reporting of this TG. The results from this periodic and before 
use testing of the software shall be documented, tracking the stability of the (computerized) 
system over time. 
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Principle of the Test Method 

13. The GARDskin method utilizes the SenzaCell cell line as an in vitro surrogate 
model of DC. Following test chemical exposure, at test chemical-specific exposure 
concentrations for 24 h, the quantifiable readout of the assay is the gene expression levels of 
the GARDskin GPS, obtained from measurements of isolated total RNA from exposed cell 
cultures, and assessed by the NanoString nCounter® system.  

14. The high-dimensional data is analyzed using the GDAA, hosting a Support Vector 
Machine (SVM) prediction algorithm (22), appropriately trained and frozen during assay 
development (7). Based on obtained gene expression levels in cell cultures exposed to test 
chemicals, the output from the GARDskin prediction algorithm predicts each test chemical as 
being a skin sensitiser (UN GHS Category 1) or a non-sensitiser.   

 

Procedure 

15. The GARDskin Assay Protocol is publicly available in the Tracking System for 
Alternative methods towards Regulatory acceptance (TSAR) (23). The protocol should be used 
when implementing the GARDskin method in the laboratory. The following paragraphs provide 
a description of the main components and procedures of the GARDskin test method and a 
graphical outline of the consecutive steps of the GARDskin method is presented in Figure 1. 

16. In the GARDskin method, chemical exposure experiments are performed for two 
reasons. Firstly, cytotoxicity assessment experiments are performed to identify a suitable and 
test chemical-specific exposure concentration derived from the cytotoxic properties of the test 
chemical, referred to as the GARD input concentration, for the following main stimulation 
experiments. Secondly, main stimulation experiments are performed in order to harvest RNA 
for downstream analysis.  

17. Three independent and biologically replicate main stimulations shall be 
performed. Within the context of this description of the GARDskin procedure, independent and 
biologically replicate experiments are defined as identical experiments being performed using 
i) separate cell cultures (i.e. cell batches), and ii) separate and independent preparations of test 
chemicals and controls. 

18. The endpoint measurement of GARDskin, i.e. the quantification of the 
GARDskin GPS mRNA transcripts, is performed using the NanoString nCounter analysis 
system, using a CodeSet comprising probes corresponding to the genes of the GARDskin GPS. 
Generated raw data of gene expression levels are analyzed using the GARD Data Analysis 
Application (GDAA), and each test chemical is classified by the GARDskin prediction model 
as either a sensitiser or a non-sensitiser. 
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Figure 1. Graphical outline of the consecutive steps of the GARDskin procedure. A cytotoxicity assessment 
experiment consists of the sequential combination of element 1-4, whereas a main stimulation experiment consists 
of the sequential combination of element 1, 2, 4-6. Following the completion of three independent main stimulation 
experiments, all data analysis is performed using the GDAA, as outlined in element 7. QC: Quality Control. DV: 
Decision Value. 

  

Cells 

19. The human myeloid leukemia-derived cell line, SenzaCell, should be used in the 
GARDskin method. The SenzaCell cell line is made available from SenzaGen AB2, following 
appropriate licensing of the GARD technology. The SenzaCell cell line is provided on dry ice 
and should be stored in accordance with the Guidance Document on Good In Vitro Method 
Practices (GIVIMP) (24). The SenzaCell cell line should be expanded and frozen in liquid 
nitrogen at a concentration of 7 million cells / mL in cell medium supplemented with 10% v/v 
DMSO (molecular biology grade, ≥99%).  

20. Cell work should be performed under sterile conditions, free of antibiotics. 
Centrifugations with the SenzaCell cell line should be performed at 300-315xg, 5 min, 2-8°C. 
Incubation of the SenzaCell cell line should be performed at 37°C±1°C and 5% CO2. The 
SenzaCell cell line should be grown in cell culture flasks for maintenance and expansion, or 
cell culture plates for chemical exposure. The SenzaCell cell line should be grown in 
MEM/Alpha medium (with L-Glutamine, with Ribo- and Deoxyribonucleosides) 
complemented with 20% (v/v) Fetal Bovine Serum (FBS) and 40 ng/mL GM-CSF (Premium 
grade, purity >97%, endotoxin level <0.1 EU/μg cytokine, and activity of ≥5x106 IU/mg). Cell 
cultures should be counted and split to a concentration of 200 000 cells / mL every 3-4 days for 
maximum 16 cell passages after thawing. The cells should be seeded for test chemical exposure 
directly following a cell split, i.e. test chemical exposure experiments should be scheduled to 
coincide with routine cell culture maintenance. Cells are seeded in flat-bottomed 12-well or 24-
well plates, with a final total volume of 4 ml and 2 ml, respectively. Other types and plate sizes 
may be used if equivalent and reproducible results can be demonstrated. Cytotoxicity 
assessment experiments should be performed at passage number 4 to 16 and main stimulation 
experiments at passage number 6 to 12. 

 

                                                             
2 SenzaGen AB 
Medicon Village 
SE-223 81 Lund, Sweden 
info@senzagen.com 
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Procedures for Phenotypic Quality Control and acceptance criteria 

21. The same day as performing a chemical exposure experiment, the phenotype of 
the untreated cells should be evaluated. This is done to ensure that cells are maintained in an 
inactivated state and to detect phenotypic drift.  

22. All washing steps in the flow cytometer analysis should be performed in wash 
buffer, i.e. PBS with 0.5-1% (w/w) BSA (Cohn fraction V), 0.2 µm filter sterilization is 
required. Cells should be stained with labeled monoclonal antibodies towards human antigens 
CD86, HLA-DR, CD34, CD1a and CD54, as well as with relevant polyclonal isotype controls. 
Recommended antibodies include fluorescein isothiocyanate (FITC)-labelled anti-CD86 (BD 
Biosciences, #555657), anti-HLA-DR (BD Biosciences, #347400), anti-CD34 (BD 
Biosciences, #555821), anti-CD1a (Agilent Dako, #F714101-2) and phycoerythrin (PE)-
labelled anti-CD54 (BD Biosciences, #555511), anti-CD14 (Agilent Dako, #R086401-2), anti-
CD80 (BD Biosciences, #340294), mouse polyclonal anti-IgG1-FITC (BD Biosciences, 
#555748) and mouse polyclonal anti-IgG1-PE (BD Biosciences, #555749). In addition, 
Propidium Iodide, 50 µg/mL (PI) (BD Biosciences, #556463) is used for cell viability analysis. 
However, equivalent antibodies and viability markers may be used, provided their functional 
similarities can be demonstrated and documented. Note that each new lot of antibodies requires 
titration using the SenzaCell cell line to determine antibody concentration giving saturation. 
The staining of the antibodies may preferably be done by combining PE-labelled and FITC-
labelled antibody in the same sample. In each staining sample, ~ 200 000 cells are washed twice 
before staining, i.e. ~1 mL wash buffer is added to each sample, a centrifugation is performed, 
the supernatant is removed by aspiration and the procedure is repeated. Each sample is 
resuspended in wash buffer and stained with appropriate antibodies. The stained cells should 
be incubated in the dark at 2-8°C for ~15 minutes. After incubation, the stained cells are washed 
with ~1 mL wash buffer and resuspended in 200 µL wash buffer. 

23. The samples are analyzed with a flow cytometer (with capability to detect PE and 
FITC, as applicable based on choice of antibodies) and a minimum of 10 000 events should be 
recorded. Gating analysis can be performed on the flow cytometer software or other related 
analysis software, according to instructions by the provider.  

24. Dead cells and cell debris are excluded by setting a gate defining the SenzaCell 
population in the FSC/SSC scatter plot using the sample stained with isotype controls, by 
outlining the contour of the cell population. The SenzaCell-gate is applied in a PE/FITC scatter 
plot for the sample stained with isotype controls and quadrants for PE and FITC positive and 
negative cells are defined by outlining the contour of the cell population. The SenzaCell-gate 
and the quadrants in the PE/FITC scatter plot are applied on every remaining additional 
antibody stained samples. PE and FITC positive cell percentages are calculated from the 
quadrants to extract the percentages of positive cells for each phenotypic marker. PI is used for 
analysis of Absolute viability of the cells, as described in section Cytotoxicity assessment below 
(paragraph 42-46). Generated results shall meet the acceptance criteria listed in Table 2. If any 
biomarker is out of the specified ranges, the cell batch should not be used for the purpose of 
chemical exposure experiments. 
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Table 2. Acceptance criteria of the viability and phenotypic quality control 

Parameter Acceptance criteria1  
  
Phenotypic Biomarker  
CD86 10-40 
CD54 + 
HLA-DR + 
CD80 <10 
CD34 + 
CD14 + 
CD1a + 
  
Viability stain  
PI negative cells (absolute viability) ≥84.5 

1. “+” indicates the presence of positive cells (>0 %). An entirely positive cell population is not required. Note that the 
SenzaCell cell line is known to be heterogenous. 

 

Acceptance criteria of GARD Controls 

25. With each GARDskin assessment, a set of controls should be analyzed. The 
unstimulated control (i.e., cell culture medium) and the negative control (i.e., test chemical 
solvent) should be analyzed in each cytotoxicity assessment experiment. The unstimulated 
control, the negative control and the positive control (i.e., p-Phenylenediamine, PPD, CAS# 
106-50-3) should be analyzed in each of the three replicate main stimulation experiments.  

26. The unstimulated control is used for determination of absolute cell viability of 
cell batches, calculations of the relative cell viability in cytotoxicity assessment experiments 
and the main stimulation experiments and for normalization purposes in the Data analysis 
workflow, as further described in the Supporting document to the Test Guideline for the 
GARDskin test method (9) and in section Analysis of Data below. 

27. The negative control, should have a Relative viability ≥95.5 % in the cytotoxicity 
assessment experiment(s) and main stimulation experiments and be classified as a non-
sensitiser by the GARDskin prediction model, as defined in paragraph 76, to verify that cells 
have not become activated in any steps of the method’s experimental procedures. 

28. The positive control (PPD) should have a Relative viability 84.5 - 95.4 % in 
themain stimulation experiments and be classified as a sensitiser by the GARDskin prediction 
model, as defined in paragraph 76, to demonstrate that the cells used during an experiment are 
responsive and can become activated upon exposure of a sensitiser. 

 

Preparation of the test chemicals and control substances 

29. The test chemical and control substances should be stored according to 
instructions from the sponsor or supplier to ensure stability. Preparation of the test chemical 
and control substance(s) should be performed on the day of cellular exposure experiments.  

30. Test chemicals should be dissolved in a compatible solvent as appropriate stocks 
of target in-well concentration. Compatible solvents used during method validation are listed 
in Table 3. Other solvents than those listed in Table 3 or direct solution in cell media may be 
used if method compatibility can be demonstrated and sufficient scientific rationale is provided. 
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The solvent should not cause cell cytotoxicity and should be classified as a non-sensitiser at the 
proposed in-well concentration. 

 

Table 3. List of GARDskin compatible solvents used during validation of the method. 

Solvent CASRN Catalog number1 Maximum in-well concentration (%) 

DMSO ≥99% 67-68-5 D5879 0.1 

Water - - 0.1 

1. Catalog numbers at Sigma-Aldrich. 

 

31. The maximum target in-well concentration of any test chemical is 500 µM. For a 
test chemical which has no defined molecular weight, a maximum in-well concentration of 100 
µg/mL is defined as default, as derived from empirical studies (18) unless a rationale for 
otherwise preferred concentrations can be given.  

32. The maximum target in-well concentrations of demonstrated compatible solvents, 
for which a non-detectable impact on genome-wide gene expression levels has been confirmed, 
are listed in Table 3. Corresponding in-well concentrations should be used for the negative 
control. The positive control is preferably dissolved in DMSO at 1000x of the target in-well 
concentration.  

33. Solubility of the test chemical should be ensured by a visual inspection of the 
solution. Extensive vortexing and heat (37°C±5°C) can be applied to achieve complete 
dissolution. If the test chemical is not soluble to the maximum in-well concentration of 500 µM, 
the solvent that generates the highest test chemical in-well concentration should be used, with 
a minimum recommended in-well concentration of 1 µM (for a test chemical which has no 
defined molecular weight, the corresponding minimum recommended in-well concentration is 
0.2 µg/mL). 

34. Stock solutions with an appropriate concentration should be prepared, considering 
dilution effects and target in-well concentrations of both test chemicals and solvents. Typically, 
considering the solvents listed in Table 3, such a stock concentration may be prepared at 1000x 
target in-well concentrations. In examples below, such a stock solution is referred to as Stock 
A. A Stock A of a test chemical may preferably be further diluted in medium (in examples 
below referred to as Stock B) before adding the test chemical to the cell culture.  

35. If the Stock A is poorly soluble in Stock B (typically identified as a precipitation 
in medium), the highest soluble concentration in Stock B is used. 

36. Note that if scientifically justified and motivated by practical benefits (e.g. 
increased observed solubility of certain test chemicals), the dilution scheme involving Stock A 
and B described above may be omitted, as long as compliance with the herein described in-well 
cell concentration and the maximum in-well concentrations of both test chemicals and used 
solvents is maintained. In such instances, a direct dilution from Stock A into the well may 
constitute an acceptable alternative. Similarly, if the use of an alternative solvent with different 
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limitations in regard to maximum in-well concentration is scientifically justified and proven 
compatible, the concentrations of both Stock A and B may differ. 

 

Cytotoxicity assessment experiment 

37. The goal of a cytotoxicity assessment experiment is to define a test chemical-
specific exposure concentration, referred to as a GARD input concentration, to be used in 
downstream main stimulations. The GARD input concentration is defined based on solubility 
and cytotoxic properties of the test chemical, both of which are investigated in the herein 
described procedure.  

38. For a schematic example of a typical cytotoxicity assessment experiment, see 
Figure 2. A serial dilution of the test chemical is performed, from the default maximum in-well 
concentration of 500 µM (or the otherwise highest soluble concentration below 500 µM), to get 
a range of Stock A concentrations. Mixing and vortexing between each dilution step is 
recommended. From Stock A, a range of Stock B concentrations should be prepared by adding 
appropriate volume of Stock A to medium. Extensive vortexing and heat (37°C±5°C) can be 
applied as required to optimize dissolution. In addition, a Stock B concentration of the utilized 
solvent (negative control) in medium should be prepared to achieve the corresponding in-well 
concentration of the solvent. 

39. Cells are seeded for chemical exposure directly following a cell split, at an 
appropriate cell concentration with regards to the dilution that occurs upon addition of stock 
solution(s) of test chemical and/or controls. The final in-well cell concentration, after addition 
of test chemical, should be 0.2x106 cells/mL.  

 

Figure 2. A schematic example of chemical preparations and seeding of a typical cytotoxicity assessment 
experiment in a 24-well plate, illustrating the serial dilution of Stock A, the conversion of Stock A:s into Stock 
B:s by dilution in medium and a typical plate layout following cell seeding and addition of test chemical. Note the 
inclusion of unstimulated and negative controls in each experiment. 
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40. The plate(s) are incubated for 24 h±0.5 h at 37°C±1°C and 5% CO2.  

41. Following 24 h±0.5 h of incubation, the relative viability of exposed cell cultures 
(as compared to the absolute viability of unexposed cell cultures) are to be investigated. If a PI 
assay based on flow cytometry is used, the following procedure is recommended. 

42. Each well suspension is split into duplicate flow cytometry samples. Staining and 
washing steps for the flow cytometry analysis are performed in wash buffer, as described in 
paragraph 22. Wash the cells twice and stain each sample with wash buffer and PI, 50:1, as 
described in paragraph 22. The samples are incubated in the dark at 2-8°C for ~15 min. The 
cells are washed once with ~1 mL and resuspended in an appropriate volume of wash buffer.  

43. Duplicate sets of unstimulated cell cultures are required, in order to obtain 
duplicate flow cytometry samples of i) stained unstimulated control samples and ii) unstained 
unstimulated control samples. The unstained unstimulated control samples are used to set gates 
during analysis, while the stained unstimulated control samples are used for calculations of 
relative viability, as described below. The inclusion of duplicate unstimulated cell cultures is 
illustrated in Figure 2.  

44. Prepared samples are analysed with a flow cytometer as described in paragraph 
23. 

45.  Analysis of PI-stained samples should be done without any exclusion of dead 
cells and debris. Note, however, that a gate monitoring the SenzaCell population set by the 
unstained unstimulated samples in a FSC/SSC scatter plot, as described in paragraph 24, may 
be advantageously applied to all samples during analysis. A low SenzaCell population, as 
observed in such a gate, can give a false percentage PI-negative cells, as excessive cytotoxicity 
associated with a diminished SenzaCell population is also associated with impaired PI-staining.  

46. The unstimulated unstained sample is used to set a gate for PI-positive and -
negative cells, by outlining the contours of the cell population in a PE/FITC scatter plot. The 
PI-positive and -negative gates are then applied in the analysis of all PI-stained samples in a 
PE/FITC scatter plot. The percentage of PI-negative cells are recorded for each sample, 
representing an estimation of absolute viability. The relative viability of each sample is 
calculated according to Equation 1. For each test chemical concentration of the dilution range 
and for each control, calculate the mean value of the duplicate samples.  

 

𝑅𝑣 =  ∙ 100   (1) 

where 
Rv is the relative viability of the sample in %. 
VS is the absolute viability of the sample in %. 
VC is the mean absolute viability of the two PI-stained unstimulated control 
samples in %. 

47. The controls must pass the following criteria; unstimulated control: mean absolute 
viability ≥84.5% and negative control: mean relative viability ≥95.5%. (Note that these criteria 
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are also included as part of the viability control acceptance criteria following main stimulation 
experiments, as further detailed in section Main stimulations and Table 4).  

48. The GARD input concentration used for main stimulations of a test chemical 
should be selected as follows: 

i) A test chemical that induces cytotoxicity should be used at the concentration that induces 
84.5%-95.4% mean relative viability. This concentration ensures bioavailability of the test 
chemical, while not impairing immunological responses. If multiple concentrations fulfill the 
acceptance criterion, the concentration that yields the Relative viability closest to 90% is chosen 
as the GARD input concentration. If the Relative viability decreases from ≥95.5% to <84.5% 
between two data points within the dilution range, repeated cytotoxicity assessment 
experiment(s) with additional concentrations within the critical concentration range is needed. 
Interpolation between data points is not recommended, as linearity cannot be assumed.  

ii) A test chemical that is not cytotoxic (Relative viability ≥95.5%) should be used at a 
concentration of 500 µM, or at the highest soluble concentration.  

iii) A test chemical that has solubility issues in Stock A or Stock B and is not cytotoxic should 
be re-evaluated to control if any other solubility method, including e.g. application of heat or 
change of vehicle, can be used to increase the in-well concentration to get closer to the 
maximum in-well concentration of 500 µM. 

 

Main stimulations 

49. Once the input concentration for a test chemical is established, main stimulations 
are repeated in three valid independent experiments with independent preparations of the test 
chemical and controls (unstimulated control, negative control and positive control) and 
independent cell cultures originating from separate batches of cells to achieve three valid 
biological replicate samples. The three main stimulations can either be run in parallel or 
sequentially, but always with independent stock solutions of both test chemical and controls. If 
several test chemicals are analyzed in the same experiment, the same set of controls should be 
used, independently of number of plates. In Figure 3, a schematic example of three main 
stimulation experiments with eight test chemicals and the three controls are visualized, 
including one extra well with unstimulated controls. 

 

 

Figure 3. A schematic example of eight test chemicals and controls stimulated in the three replicate main 
stimulations using 12-well plates. TC; Test chemical. 

50. The seeding procedures of main stimulations are typically identical with those 
described for cytotoxicity assessment experiments, as described in paragraph 38-39, with the 

Main stimulation 1 Main stimulation 2 Main stimulation 3 
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exception that only one concentration is investigated for each test chemical. A brief summary 
of a typical procedure is provided below.  

51. Appropriate volume of Stock A of the test chemical is prepared in appropriate 
solvent as established in the preparation of the test chemical. Appropriate measures, e.g. 
vortexing and heat (37°C±5°C) should be applied if necessary, to achieve complete dissolution.  

52. The Stock B concentration is prepared by adding appropriate volume of Stock A 
to cell medium (depending on the maximum target in-well concentration of solvent). 
Appropriate measures, e.g. vortexing and heat (37°C±5°C) may be applied if necessary, to 
achieve complete dissolution.  

53. In addition, the positive and negative controls should be prepared to achieve 
appropriate in-well concentrations. 

54. Cells are seeded for chemical exposure directly following a cell split, at an 
appropriate cell concentration with regards to the dilution that occurs upon addition of stock 
solution(s) of test chemical and/or controls. The final in-well cell concentration, after addition 
of test chemical, should be 0.2x106 cells/mL. 

55. Note that if justified and motivated, the same option to omit the Stock B dilution 
step as described in section Cytotoxicity assessment experiment above, applies to main 
stimulation experiments as well. Alternative test chemical dilution schemes, not based on the 
herein described A and B stock solutions, are acceptable provided the target in-well test 
chemical concentration, cell concentration and maximum solvent concentration are met. 

56. The plate(s) should be incubated for 24 h±0.5 h at 37°C±1°C and 5% CO2. 

57. After 24 h±0.5 h of incubation, the cell culture is mixed by carefully pipetting up 
and down and each cell culture from separate wells is divided into RNase-free micro tubes and 
duplicate flow cytometry samples.  

58. The micro tubes should be centrifuged at 300-315xg for 5 min at 2-8°C. The 
supernatant should be removed by aspiration. Cell cultures are lysed using an appropriate and 
fit-for-purpose reagent, e.g. TRIzol reagent (Ambion, #15596018), according to instructions 
provided by the supplier. Cell lysate samples may be stored at ≤70°C±5°C up to a year. 

59. For each test chemical and control, several cell lysate samples may be generated 
from each of the three main stimulations. However, only one cell lysate sample from each of 
the three main stimulations is required for RNA isolation and further analyzed using the 
NanoString nCounter system.   

60. For the flow cytometry samples, the same washing, staining and analysis 
procedures as described in paragraph 42-46 for the cytotoxicity assessment experiment should 
be followed. 

 

Acceptance criteria of the Viability Quality Control 

61. The PI-stained samples are used as Quality Control of the viability to ensure that 
the test chemical and controls show a Relative or Absolute viability within the Quality Control 
criteria described in Table 4. If a test chemical fails the described acceptance criteria, it should 
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not be used for downstream analysis. If any control sample fails the described acceptance 
criteria, all samples from the main stimulation experiment from which they originate are to be 
disregarded and not used for downstream analysis. 

Table 4. Viability control acceptance criteria 

Test chemical or control Acceptance criteria1 

Unstimulated control Absolute viability of ≥84.5% 

Negative control Relative viability of ≥95.5% 

Positive control Relative viability 84.5% - 95.4% 

Test chemical with expected cytotoxicity Relative viability 84.5% - 95.4% 

Test chemical assayed at 500 µM or highest soluble 
concentration 

Relative viability ≥84.5% 

1. Listed acceptance criteria for unstimulated and negative controls apply to both cytotoxicity assessment 
experiments and main stimulation experiments, while criteria for the positive control and test chemical are only 
applicable in main stimulation experiments. 

 

RNA isolation  

62. Total RNA, including mRNA, is isolated from the lysed cell samples using 
commercially available kit and reagents, e.g. Direct-zol RNA MiniPrep (Zymo Research, # 
R2052) was used during test method development and validation.  

63. Quantify the RNA concentration and analyze the RNA quality from each sample 
using an RNA analysis equipment, e.g. with an Agilent Bioanalyzer 2100, or an equivalent 
instrument (i.e. an instrument measuring RNA quality and RNA concentration in the range ~5-
500 ng/µL). Follow protocols provided by the instrument supplier. RNA concentration and 
quality should correspond to NanoString recommendations. During test method development 
and validation, a sample with an RNA Integrity Number (RIN) of 8.0 and above, as derived 
from the Agilent Bioanalyzer 2100, was considered a sample of high quality. Corresponding or 
otherwise equivalent RNA quality metrics may be used to assure high quality RNA. 

 

Endpoint measurement; gene expression analysis using the NanoString nCounter® system 

64. The endpoint measurement of the GARDskin assay is the mRNA quantification 
of the endpoint-specific GPS, using the NanoString nCounter system. The NanoString nCounter 
protocols starts with manual processing including a hybridization step using a thermal cycler, 
i.e. the nCounter XT CodeSet gene expression assay. A custom made CodeSet (i.e. sets of 
oligonucleotide probes representing the genes of the GARDskin GPS, the individual genes of 
which are presented in the Supporting document to the Test Guideline for the GARDskin test 
method (9)) is provided by NanoString under a license agreement with SenzaGen AB. 
Manufacturer’s instructions for the nCounter XT CodeSet gene expression assay should be 
followed.  

65. The nCounter XT CodeSet gene expression assay is followed by automated 
sample processing, immobilizing the probe/target on the nCounter Cartridge, and digital data 
acquisition, counting the color codes on the probe/targets immobilized on the cartridge, using 
the nCounter® instrument. Corresponding instructions for the nCounter instrument should be 
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followed. The highest possible resolution and sensitivity mode in the nCounter instrument 
should be used. 

66. For each RNA sample analyzed in the NanoString nCounter system, a NanoString 
raw data file, a Reporter Code Count (RCC)-file with tabulated counts of each target molecule, 
is generated. 

 

Data analysis and reporting 

GARD Data Analysis Application 

67. Following generation of the RCC-files, all downstream data preprocessing, 
normalization and analysis are performed in the GDAA software as summarized below. For an 
in-depth review of all such steps, refer to the Supporting document to the Test Guideline for the 
GARDskin test method (9). Both the GARDskin analysis pipeline and the GDAA were 
extensively evaluated by the ESAC during method review, who concluded that the software 
was fit-for-purpose as well as user-friendly.  

68. GDAA is a cloud-based application (Shinyapps on Amazon Web Services) 
requiring an internet connected computer with an installed web browser, e.g. Google Chrome, 
Mozilla Firefox, Microsoft Edge, or Internet Explorer. Access to the GDAA requires a service 
level agreement and valid login credentials, both acquired from SenzaGen AB 
(www.senzagen.com)3.  

69. GDAA performs all data analysis required for generating predictions using the 
GARDskin method. The functionality of GDAA includes the reading of RCC-files, checking 
the NanoString nCounter quality control of each uploaded file, normalizing the read file’s gene 
expression values by stepwise application of a counts-per-total counts (CPTC) (7) algorithm 
followed by Batch Adjustment by Reference Alignment (BARA) (25). Lastly, individual 
samples are evaluated with the GARDskin prediction algorithm, allowing for the final 
classification of the test chemical by the GARDskin prediction model. For a schematic of the 
processes performed by the GDAA and how they relate to other steps of the procedure, see 
Figure 4. 

                                                             
3 SenzaGen AB 
Medicon Village 
SE-223 81 Lund, Sweden 
info@senzagen.com 
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Figure 4. A schematic of the GDAA workflow, including input and output files. RCC; Reporter Code Count (raw 
gene expression data), CPTC; Counts-per-total-counts (RNA content normalization), BARA; Batch Adjustment 
by Reference Alignment (batch adjustment normalization).  

 

70. The analysis with the GDAA requires upload of two different types of files: the 
RCC files (containing raw data of gene expression levels) and an Annotation file (containing 
sample information used to map each control and test chemical to specific RCC files). Note that 
the RCC files for each test chemical must be analyzed together with the RCC-files of the 
unstimulated, positive and negative controls from the same main stimulation experiments. , in 
order to facilitate both the BARA normalization process (as further described in the Supporting 
document to the Test Guideline for the GARDskin test method (9)), as well as the classification 
of negative and positive control acceptance criteria (as defined in section Summary of 
acceptance criteria).  

71. After uploading the files, each RCC file is automatically quality checked in 
GDAA. The quality criteria listed in Table 5 are adapted from the recommended (default) 
acceptance criteria of the instrument supplier. Details of each quality metric listed in Table 5 
are provided in the Supporting document to the Test Guideline for the GARDskin test method 
(9). Samples that fail any of the below described quality control criteria are not used for further 
analysis in the GARD data analysis and GDAA automatically rejects samples that fail the 
NanoString nCounter® Quality Control acceptance criteria.  

Table 5. Summary of the NanoString nCounter® quality control acceptance criteria.1 

Quality Metric Acceptance criteria 

Imaging Quality > 0.75 

Linearity > 0.95 

Limit of Detection < POS_E  

Binding Density 0.05 - 2.25 

 1For details, refer to the Supporting document to the Test Guideline for the GARDskin test method (9). 
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72. The last steps of a GARDskin analysis includes the application of a prediction 
algorithm, which in turn provides input to the GARDskin prediction model, as described in 
section Prediction model below. 

73. In addition to facilitating the complete GARDskin analysis pipeline, the GDAA 
functionality includes verification of integrity of transferred data using algorithms for 
calculating MD5 checksums. The MD5 algorithm takes input data of arbitrary length and 
calculates a 128-bit fingerprint. It will always produce the same fingerprint for a specific input, 
and it is highly unlikely that two different data inputs would generate the same output values. 
These properties of the algorithm make it useful for verifying integrity of data. For example, 
the integrity of a transferred file can be ensured by comparing the 128-bit fingerprints calculated 
prior to the transfer with a fingerprint calculated following transfer. These MD5 checksums are 
evaluated as part of the periodic and before use testing of the computerized system, as described 
in section Periodic testing of cloud-based software. 

 

Prediction model 

74. The GARDskin prediction algorithm is a SVM hosted in the GDAA, 
appropriately trained and frozen during method development. The output of the prediction 
algorithm is referred to as a decision value (DV). Unique DVs are calculated for each replicate 
sample generated by test chemicals and controls. For an in-depth review of how these DVs are 
calculated, please refer to the Supporting document to the Test Guideline for the GARDskin test 
method (9). 

75. The DVs of individual replicate samples are then used as input to the GARDskin 
prediction model. The GARDskin prediction model is defined as follows: 

76. Any test chemical with a calculated mean DV ≥ 0 is classified as a sensitiser (UN 
GHS category 1), whereas any test chemical assigned a mean DV < 0 is classified as a non-
sensitiser. 

 

Summary of Acceptance criteria 

77. Below is a summary of the acceptance criteria that are specified for the 
GARDskin method.  

i) All cell exposure experiments should have been performed with a batch of SenzaCell cells 
that passed the acceptance criteria of the Phenotypic Quality Control (Table 2). This applies to 
both cytotoxicity assessment and main stimulation experiments. 

ii) All generated RNA samples should originate from cellular experiments which have passed 
the acceptance criteria of the Viability Quality Control (Table 4). This applies to all test 
chemical and positive, negative and unstimulated control samples, from the three included (i.e., 
valid) main stimulation experiments. Similarly, cytotoxicity assessment experiment(s) from 
which a GARDskin input concentration is derived should fulfill all applicable Viability Quality 
Control criteria (Table 4).  
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iii) All generated RNA samples should pass the Acceptance criteria of the NanoString 
nCounter® Quality Control (Table 5). This applies to all test chemical and positive, negative 
and unstimulated control samples, from the three included (i.e., valid) main stimulation 
experiments. 

iv) The final classification should be made using three valid biological replicates which have 
all passed acceptance criteria i-iii. 

v) The positive control and negative control should be accurately classified as a sensitiser and 
a non- sensitiser, respectively, by the GARDskin prediction model. 

  

Test Report 

78. The following information should be reported. The results should be tabulated 
and include, when applicable, individual test results for each performed experiment as well as 
the overall results from all three experiments. 

General information  

- Name and address of sponsor, test facility and study director. 
- Reference and description of the test method used. 

Demonstration of proficiency 

- Statement that the test facility has demonstrated proficiency in the performance of the 
test method before routine use by testing of proficiency chemicals. 

Demonstration of GDAA system stability over time 

- Statement that periodic and before use testing of the GDAA have been performed using 
a historic dataset and have passed required criteria.  

Test chemical and controls 

- Source, batch/lot number, expiry date.  Chemical identification, such as IUPAC or CAS 
name, CAS number, SMILES or InChI code, structural formula, and/or other identifiers 
like batch/lot number and expiry date. 

- Physical appearance, solvent solubility as applicable, molecular weight, and additional 
physical chemical properties to the extent available. 

- Statement on (in)solubility or stable dispersion in exposure media. 
- Purity, chemical identity of impurities as appropriate and practically feasible. 
- Procedure(s) used to dissolve test chemical(s).  
- Storage conditions and stability to the extent available. 
- Justification for choice of solvent/vehicle for each test chemical. 
- Solvent (including source) used for each test chemical and control. 

Test method conditions 

- Cell line used, cell culture ID, its storage conditions and source. 
- Cell media components (including source) used in the study. 
- Flow cytometry equipment used.  
- Antibodies and viability markers (including sources) used in the study.  
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- RNA isolation kit, RNA qualification kit and NanoString nCounter GARDskin 
CodeSets (including sources) used in the study.  

Test acceptance criteria results 

- Phenotypic Quality Control data from each experiment (percentage of positive cells for 
each phenotypic biomarker, as well as absolute viability of cells). 

- Cell viability Quality Control data of the test chemical and negative, positive and 
unstimulated controls. 

- NanoString nCounter Quality control data (imaging quality, linearity, limit of detection 
and binding density) of the test chemical as well as negative and positive controls. 

- Classifications of negative and positive controls. 

Cytotoxicity assessment results 

- Test concentrations with justifications.  
- Relative viability for each test chemical concentration  
- Justification for selected GARD input concentration. 

Main stimulation results 

- Measured RNA-quality of test chemical and control RNA-samples  
- Gene expression levels (content of RCC files) for test chemical and controls.  
- GDAA version number used within the study. 
- Statement on matching MD5 checksums of uploaded RCC-files and MD5 checksums 

from downloaded GDAA report.  
- Decision Values (individual samples as well as mean) obtained for the test chemical and 

positive and negative controls. 
- Classification of the test chemical. 
- Description of any other relevant observations, if applicable. 

Discussion of the results 

Conclusion 
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Appendix I. Definitions and abbreviations. 

 

Abbreviations that are defined by the test method developers and/or specific for certain 
instrumentation utilized by the GARD methods are defined in italic font.  
 

ARE Antioxidant Response Element 

BARA Batch Adjustment by Reference Alignment 

 An algorithm for removal of batch-effects observed between datasets. 

 

BLR Between-Laboratory Reproducibility 

BSA Bovine Serum Albumin  

CD Cluster of Differentiation 

 Cell Batch 

Within the context of this TG, a unique cell batch is defined as:  

 cells originating from different frozen vials, or… 
 cells originating from the same frozen vial, which have been cultivated 

separately. A division of cell cultures for the purpose of achieving 
separate cell batches should be done no sooner than passage 3 after 
thawing, and no later than at least 2 passages prior to exposure 
experiments. 

 

CPTC Counts-Per-Total-Counts 

 An algorithm for RNA content normalization.  

 

DB-ALM DataBase service on ALternative Methods to animal experimentation 

DC Dendritic Cells 

DMSO Dimethyl Sulfoxide 

DV Decision Value 

 A quantifiable output from a Support Vector Machine.  

 

ESAC ECVAM Scientific Advisory Committee 

EURL ECVAM    

European Union Reference Laboratory for alternatives to animal testing  
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FBS Fetal Bovine Serum 

FITC Fluorescein IsoThioCyanate 

 

GARD Genomic Allergen Rapid Detection 

A series of predictive assays for immunotoxicological endpoints, the main subject 
of this Test Guideline. 

 

GARDskin GARD Test Method for Skin Sensitization 

The specific subject of this TG. A method used for hazard assessment of skin 
sensitisers 

 

GARDskin prediction algorithm 

An algorithm that, based on raw gene expression data, provides DVs as output. 
The output of the prediction algorithm is in turn used as input in the prediction 
model. The GARDskin prediction algorithm is an SVM. See e.g., DV, GARDskin 
prediction model, SVM. 

 

GARDskin prediction model 

A heuristic that, based on triplicate DVs from a test chemical or control, provides 
a GARDskin classification of the same.  

 

GDAA GARD Data Analysis Application 

A cloud-based software for fit-for-purpose and automated data processing and 
analysis of all raw data generated with the GARD methods. 

 

GHS Globally Harmonized System 

GM-CSF Granulocyte Macrophage Colony Stimulating Factor 

GPS Genomic Prediction Signature 

A set of gene identities that collectively compose the set of predictors, the gene 
expression values of which are used as the input in the GARD prediction models, 
i.e., the endpoint-specific Support Vector Machine(s), each appropriately trained 
and frozen during test method development. Each GARD method (e.g. GARDskin) 
for different endpoints utilizes a different GPS. 
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LLNA Local Lymph Node Assay 

LOD Limit of Detection 

 A parameter of the NanoString instrumentation. 

 

MD5 Message-Digest algorithm 5 

A function that creates digital fingerprints of input data. Within the context of the 
GARDskin method, such fingerprints are used to verify integrity of data. 

 

OECD The Organisation for Economic Co-operation and Development 

PBS Phosphate Buffered Saline 

PE Phycoerythrin 

PI Propidium Iodide 

RCC Reporter Code Count 

A filetype created by the NanoString instrumentation. Stores raw gene expression 
data. 

 

RIN RNA Integrity Number 

 An RNA quality parameter utilized by the Agilent instrumentation. 

 

  

SVM Support Vector Machine 

Supervised prediction models with associated learning algorithms that analyze 
data for classification and regression analysis 

 

TG Test Guideline 

WLR Within-Lab Reproducibility 
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Appendix II. Known limitations of the GARDskin method. 
 

Table AII.1. A summary of potential limitations of the GARDskin method and possible adaptations.  
 

Substance class / 
interference 

Possible consequence of  
interference 

Possible adaptations Example 
substance 

Test chemicals 
absorbing and/or 
autoflourescing light 
at the wavelengths of 
PI-detection.  

May influence cytotoxicity 
assessment results and may lead to 
inappropriately defined GARD 
input concentrations. 

May be circumvented by use of alternative 
reagents for assessment of cytotoxicity, if 
demonstrated to generate equivalent 
results to those of the herein proposed 
methods.  

Citral (CAS 
#5392-40-5) 

Substances with 
unknown precise 
molecular weight. A 
Test chemical is 
preferably defined by 
a known molecular 
weight, as 
appropriate GARD 
input concentrations 
are defined by molar 
concentrations.  

 May lead to inappropriate GARD 
input concentrations, which may in 
turn lead to misclassifications. 

May be circumvented by  
-Use of weight-based concentrations (e.g. 
ppm) (18). A vast majority of skin 
sensitisers are detected <100 ppm (18). 
-Approximation of an apparent molecular 
weight of the complex mixture, 
 

UVCBs, 
chemical 
emissions, 
products or 
formulations 
with variable 
or not fully 
known 
composition, 
natural 
extracts. 

Test chemicals which 
cannot be dissolved 
in an appropriate 
solvent at a final in-
well concentration of 
500 µM and do not 
exhibit cytotoxic 
properties at 
investigated max 
concentration. 

A sufficient exposure concentration 
for detection of weak skin 
sensitisers may not be guaranteed. 
May cause false negatives. 
However, available data suggest 
that a vast majority of sensitizers 
are detected <100 µM (18). 

Test chemicals that do not induce 
cytotoxicity with a maximum soluble 
concentration below 500 µM may be 
further analysed according to downstream 
GARDskin procedures and positive results 
from such testing can be used to support 
the identification of the test chemical as a 
skin sensitiser. 

n/a 

Test chemicals 
Incompatible with 
vehicles. 
 

Insolubility or reactive interference 
with Test chemical, which may in 
turn lead to inappropriate GARD 
input concentrations and possible 
misclassifications, or complete 
incompatibility with the method. 
 

If a scientific rationale is available, 
alternative and otherwise compatible 
vehicles may be used (13, 14). 
Compatibility of such alternative vehicles 
should be confirmed by inclusion of the 
blank vehicle as a negative control, at 
identical exposure concentrations. If a 
Test chemical remains insoluble, see 
handling of not sufficiently dissolved Test 
chemicals above. 

n/a 

Test chemicals that 
hydrolyse rapidly in 
cell system. 
 

A sufficient in-well concentration of 
Test chemicals may not be 
guaranteed. May cause false 
negatives 

 
Hydrazine 
(CAS #2644-
70-4) 
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Appendix III. Proficiency Substances. 
 

Table AIII.1. Substances for demonstrating technical proficiency with GARDskin. 

Chemical ID CASRN Reference classification1 Expected 
classification 

  LLNA Human DA 2o3 GARDskin 
4-nitrobenzyl bromide 100-11-8 S NA S S 
Propyl gallate 121-79-9 S NA S S 
Isoeugenol 97-54-1 S S S S 
3-(Dimethylamino)-1-
propylamine 

109-55-7 S NA S S 

Eugenol 97-53-0 S S S S 
Ethylene glycol 
dimethacrylate 

97-90-5 S NA S S 

Glycerol 56-81-5 NS NA NS NS 
Hexane 110-54-3 NS NS NS NS 
1-Butanol 71-36-3 NS NA NS NS 

1 Extracted from Annex 2, OECD TG 497 (12). NA: missing value. DA 2o3: “2 out of 3” Defined Approach. 

 


