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Introduction

• The GARDskin assay for assessment of chemical skin 
sensitizers can be used to predict photoallergens.

• By implementing a UV-light exposure step into the 
conventional GARDskin protocols, photoactivation was 
achieved. Non-irradiated photoallergens remain 
accurately classified as non-sensitizers.

• UV-light exposure did not have an impact on 
classifications on true non-sensitizing and conventional 
sensitizing controls. 

Chemicals of different categories, such as cosmetics and drugs, have the
potential to become photoactivated when exposed to UV-light, giving rise to
otherwise dormant adverse effects such as sensitization. Such chemicals,
referred to as photoallergens, cause a Type IV delayed hypersensitivity,
typically manifested as allergic contact dermatitis. Currently, no validated in
vitro assays for prediction of a chemical’s potential to act as photoallergens
exist. Therefore, development of accurate in vitro assays that can detect
photoallergens remains a high priority.

The Genomic Allergen Rapid Detection™, the GARD™ platform, constitutes a
unique framework for classification of numerous immunotoxicity endpoints.
The endpoint-specific classification of skin sensitizing chemicals is a well-
established application of the platform, referred to as the GARDskin assay,
which is progressing towards regulatory acceptance and demonstrates high
predictive performance and reproducibility. Here, we present an adaptation of
GARD protocols, allowing for assessment of chemical photoallergens, by
incorporation of UV-light exposure during sample preparation.

The protocols for the conventional GARDskin assay were followed. In short, the
SenzaCell cell line was used as an in vitro model of dendritic cells. Cytotoxic
properties of test chemicals were monitored, facilitating the identification for
test chemical-specific GARD Input Concentrations. Exposure experiments were
repeated, following which total RNA were isolated from exposed cell cultures.
The gene expression levels of predictive genomic biomarkers, referred to as
the GARDskin Genomic Prediction Signature (GPS), were quantified using
Nanostring instrumentation. Gene expression data across the GPS were
interpreted by the GARDskin classification algorithm, based on an a priori
defined Support Vector Machines (SVM) prediction model. Final classifications
were made by the sign of the SVM Decision Value (DV), where positive DV:s are
indicative of sensitizing properties of the assayed test chemical.

For assessment of photoallergens, the conventional GARDskin protocols were
amended with two mutually exclusive modifications, introducing a UV-light
exposure step (Figure 1). Firstly, in a pre-irradiation protocol, test chemicals
dissolved at appropriate stock concentrations were subjected to UV-light
exposure, prior to chemical exposure of cell cultures. Secondly, in a cell-
irradiation protocol, cell cultures were subjected to UV-light exposure
following addition of test chemicals during exposure experiments. For both
protocol variants, UV-light was administered both when defining test chemical-
specific Input Concentrations and subsequent exposure experiments for
downstream genomic analysis. Furthermore, for both protocol variants, the
total amount of energy delivered amounted to 3.1 J/cm2.

In this study, four test chemicals were evaluated. 1-Butanol (CAS#71-36-3)
was included as a control (true non-sensitizer), p-phenylenediamine (PPD,
CAS#106-50-3) was included to monitor the responses of conventional skin
sensitizers, while 6-methylcoumarin (CAS#92-48-8) and Ketoprofen
(CAS#22071-15-4) were included to monitor the responses of expected
photoallergens.

Methods Discussion
Photoactivation of chemical structures may lead to otherwise dormant
adverse effects such as sensitization. Perhaps the most frequently called
upon examples of photoallergens are the fragrance 6-methylcoumarin and
the NSAID ketoprofen. Here, the in vitro GARDskin assay was shown to be able
to accurately predict these model compounds as photoactivated sensitizers
following UV-light exposure, while non-radiated counterparts were accurately
classified as non-sensitizers. Furthermore, it was also shown that UV-light
exposure did not have an impact on the accurate GARDskin classifications of a
true non-sensitizer, 1-butanol, nor a conventional skin sensitizer, p-
phenylenediamine, demonstrating the ability of this experimental setup to
differentiate between the different categories of chemicals.
Further evaluation and optimization of the method are currently in progress,
in which an extended panel of fragrances and pharmaceutical active
ingredients are being studied in a collaboration with the Research Institute for
Fragrance Materials (RIFM).

Conclusion
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Figure 2. GARDskin prediction results of a set of four test chemicals, with or without UV-
irradiation. Bars represent mean values (n=3). Error bars represent standard deviation. 

Four compounds were assayed in the conventional GARDskin protocol, as well
as in the amended pre-irradiation and cell-irradiation protocols, allowing for
UV-light exposure prior to downstream analysis. Results are summarized in
Figure 2.

Of note, 1-butanol, an expected true non-sensitizer, is accurately classified as
such by the GARDskin assay, irrespective of if UV-light was administered.

Conversely, p-phenylenediamine, a well-characterized skin sensitizer without
any expected mechanistic association with photoactivation, was classified as a
sensitizer irrespective of if UV-light was administered. Finally and of particular
interest, both 6-methylcoumarin and Ketoprofen, which are known to be
conventional non-sensitizers with a latent ability to become photoactivated,
were both classified as non-sensitizers in the conventional GARDskin assay.
However, following photoactivation in both the pre-irradiation and cell-
irradiation protocols, both compounds were classified as skin sensitizers.

Results 
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Step 1. 
The SenzaCell cell line 
is utilized as an in vitro 
cell system mimicking 
dendritic cells.

Step 3.
Gene expression 
analysis is performed 
in order to evaluate a 
set of predictive 
genomic biomarkers.

Step 4. 
Gene expression data 
is analysed using the 
GARDskin prediction 
model, allowing for 
classification of 
sensitizers. 

Step 2. 
UV-light is 
administered in 
conjunction with cell 
exposure of test 
chemicals.

Readout: Decision Value (DV) > 0 = Sensitizer, Decision Value (DV) < 0 = Non sensitizer 

Figure 1. Workflow of the GARDskin assay for assessment of photoallergens. An UV-
irradiation step is introduced in amended GARDskin protocols.
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