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ABSTRACT — In all current in vitro skin sensitisation assays, DMSO is used to dissolve water-insol-
uble chemicals. However, our previous study suggested the superiority of the modified IL-8 Luc assay
(mIL-8 Luc), in which X-VIVO™ 15 is used to dissolve chemicals, over the original assay using DMSO
(oIL-8 Luc). In this study, to confirm the superiority of the mIL-8 Luc, we first increased the number of
chemicals examined and demonstrated the superiority of the mIL-8 Luc, in which the mIL-8 Luc provid-
ed 87.6% of sensitivity, 74.2% of specificity, and 84.6% of accuracy. Next, to clarify the cause of false
negative judgment by the mIL-8 Luc, we examined the effects of physical properties of chemicals on
judgment. The results demonstrated that high molecular weight, high LogKo/w, or poor water solubili-
ty, did not cause false negative judgment. When it was accepted as an OECD test guideline, the criteria of
the mIL-8 Luc to determine sensitisers were modified to further decrease false negative judgment by poor
solubility. By applying the new criteria, the test guideline IL-8 Luc assay (tgIL-8 Luc) improved sensi-
tivity but decreased specificity and increased the number of chemicals that cannot be judged. To over-
come this problem, we examined a simple combination of the tglL-8 Luc with direct peptide reactive
assay (DPRA), which could improve specificity and decrease the number of the chemicals that cannot be
judged. These data suggest that the tgIL-8 Luc is a promising in vitro skin sensitisation assay in combina-
tion with other in vitro or in chemico methods.

Key words: Contact dermatitis, Sensitisation test, Luciferase assay, Alternative method,
Skin sensitisation

INTRODUCTION

In 2012, the Organisation for Economic Co-opera-
tion and Development (OECD) published the adverse
outcome pathway (AOP) for skin sensitisation (OECD,
2012), which defined the key events in the sensitisation
process. In brief, the chemical sensitizer penetrates the
stratum corneum, the uppermost layer of the skin, and
subsequently binds covalently to proteins (key event 1)

to form hapten-protein conjugates, which can be immu-
nogenic. In parallel, keratinocytes are stimulated to both
release danger signals (e.g., pro-inflammatory cytokines
or ATP) and activate anti-oxidative response genes (key
event 2). Dendritic cells (DCs) then develop a mature
phenotype involving the induction of various co-stim-
ulatory molecules and production of pro-inflammatory
cytokines and chemokines with formation of hapten-pro-
tein conjugates on major histocompatibility complex mol-
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ecules (key event 3). The activated DCs are mobilized
and then migrate from the skin to the draining lymph
nodes to present the allergen to T cells. After stimula-
tion by DCs, hapten-peptide—specific T cells expand (key
event 4) to elicit an adverse immune response in case of
a second exposure to the chemical sensitizer. The estab-
lishment of the sensitisation AOP prompted the develop-
ment of a variety of non-animal test methods for distin-
guishing sensitizers from non-sensitizers and classifying
potency (reviewed previously in (Adler ef al., 2011) and
(Reisinger et al., 2015)).

Recently, the OECD released new test guidelines (TGs)
for skin sensitisation testing using the direct peptide reac-
tivity assay (DPRA) (OECD TG 442C) (OECD, 2015b),
the KeratinoSens (OECD TG 442D) (OECD, 2015a), the
human Cell Line Activation Test (h-CLAT), the U937 cell
line activation Test (U-SENS™), and the Interleukin-8
Reporter Gene Assay (test guideline; tgIL-8 Luc) meth-
ods (OECD TG442E) (OECD, 2018). These TGs target
three different key events in the AOP. For example, the
DPRA examines protein-binding/haptenization of chem-
icals, KeratinoSens examines the induction of the Kel-
ch-like ECH-associated protein 1 (Keap-1)/nuclear fac-
tor (erythroid-derived 2)-like factor 2 (Nrf2) pathways in
keratinocytes, and the h-CLAT, the U-SENS™, and the
tglL-8 Luc evaluate the production of CD54 and CDS86 or
the induction of IL-8 promoter induced by DC activation.

The IL-8 Luc assay we established uses a stable THP-
1—derived IL-8 reporter cell line, THP-GS8. These cells
harbor the stable luciferase orange (SLO) and stable luci-
ferase red (SLR) genes under control of the IL-8 and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
promoters, respectively (Takahashi ef al., 2011). In the
process of optimizing this assay, we determined the pro-
tocol, the criteria for judging chemicals, and the exclu-
sion criteria for detergents and anhydrites. In addition, in
the original IL-8 Luc assay protocol (oIL-8 Luc), poor-
ly water-soluble chemicals were first dissolved in DMSO
and then diluted with culture medium. On the other hand,
in the modified IL-8 Luc assay (mIL-8 Luc), chemicals
are dissolved in X-VIVO™ 15 serum-free culture medi-
um, regardless of water solubility, and then diluted with
X-VIVO™ 15 (Kimura et al., 2015). After these optimi-
zations, the mIL-8 Luc exhibited 86% accuracy, 84% sen-
sitivity, and 90% specificity in examinations of 118 chem-
icals (Kimura et al., 2015).

In this study, we first presented a data set of mIL-8
Luc for 143 chemicals and confirmed the better perform-
ance of the mIL-8 Luc by increasing the number of chem-
icals examined than the oIL-8 Luc using DMSO as a sol-
vent. We also demonstrated that false negative results in
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the mIL-8 Luc were not caused by high LogKo/w or poor
water solubility. In addition, since the final criteria of the
IL-8 Luc assay accepted in OECD test guideline (tgIL-8
Luc) were modified from the original criteria we have
published previously (Kimura et al., 2015), we also pre-
sented a data set of the tgIL-8 Luc for 143 chemicals and
its performance based on the criteria accepted by OECD.
Moreover, to improve its performance, we devised an
integrated approach with DPRA. Finally, we calculat-
ed the minimum concentration of chemicals required to
satisfy the criteria, i.e., Ind-ILSLA > 1.4, (Effective Con-
centration 1.4: EC1.4). Based on the resulting EC1.4 data
of chemicals, we examined the correlations between the
tglL-8 Luc EC1.4 and the percent depletion of peptides
in the DPRA (Gerberick et al., 2004), CD86 EC150 and
CD54 EC200 in the h-CLAT (Takenouchi et al., 2015), or
EC 1.5 in the KeratinoSens assay (Natsch ef al., 2013).

MATERIALS AND METHODS

Cells and culture

We established the THP-G8 reporter cell line, which
was derived from THP-1 human acute monocytic leuke-
mia cells expressing the genes for SLO regulated by the
IL-8 promoter and SLR regulated by the GAPDH pro-
moter (Takahashi et al., 2011; Kimura et al., 2015). THP-
G8 cells were maintained in RPMI-1640 medium (Gibco,
Carlsbad, CA, USA) containing 10% fetal bovine serum
(Biological Industries, Kibbutz Beit Haemek, Israel),
antibiotic and antimycotic agents (Gibco),
0.15 pg/mL puromycin (InvivoGen, San Diego, CA,
USA), and 300 pg/mL G418 (Nacalai Tesque, Kyoto,
Japan). Cells were cultured at 37°C with 5% CO,. For
testing, THP-G8 cells were plated into a 96-well flat-
bottom black plate (Greiner Bio-one, Frickenhausen,
Germany) at 5 x 104 cells/50 pL/well.

Test chemicals and chemical treatment

We previously published data regarding the perform-
ance of the olL-8 Luc after examining 122 chemicals and
the mIL-8 Luc after examining 118 chemicals (Kimura
et al., 2015). In the present study, we examined 21 addi-
tional chemicals using the mIL-8 Luc (Supplementary
Table 1) and made a data set of the mIL-8 Luc for 143
chemicals (Supplementary Table 2). These 21 chemi-
cals included 3 extreme sensitizers, 1 strong sensitizer, 6
moderate sensitizers, 9 weak sensitizers, and 2 non-sen-
sitizers. All 21 chemicals had been previously evaluated
and classified using the local lymph node assay (LLNA
(Gerberick et al., 2005). All chemicals were purchased
from Sigma-Aldrich (St. Louis, MO, USA) at the highest
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Physical properties of sensitisers correctly or incorrectly judged by the mIL-8 Luc. Sensitizers judged by the LLNA are

divided into chemicals correctly (true positive) or incorrectly (false negative) judged by the mIL-8 Luc. Molecular weight
(a), LogKo/w (b), and water solubility (c) of each chemical are plotted on the y-axis for each group. The mean and p value

compared with Student’s t-test are shown.

available purity.

The precise procedure of the mIL-8 Luc was described
in our previous publication (Kimura et al., 2018) and
the OECD test guideline (OECD, 2018). Briefly, to dis-
solve chemicals, X-VIVO™ 15, a commercially availa-
ble serum-free medium (Lonza, 04-418Q), was added to
20 mg of test chemical (regardless of the chemical’s sol-
ubility) in a microcentrifuge tube, brought to a volume of
1 mL, vortexed vigorously and then shaken on a rotor at
a maximum speed of 8 rpm for 30 min. For test chemi-
cals soluble in X-VIVO™ 15, the solution was diluted by
a factor of 5 with X-VIVO™ 15 and used as an X-VIV-
O™ 15 stock solution of the test chemical. For test chemi-
cals not soluble in X-VIVO™ 15, the mixture was rotated
again for at least 30 min, and then centrifuged at 15,000
rpm (=20,000g) for 5 min; the resulting supernatant was
used as an X-VIVO™ 15 stock solution of the test chem-
ical.

In the first test run, a total of 10 serial dilutions of the
X-VIVO™ 15 stock solutions of the test chemicals was
made at a dilution factor of two. In subsequent test runs
(i.e. the second, third, and fourth replicates), the X-VI-
VO™ 15 stock solution was made at the concentration
4 times higher than the concentration of cell viabili-

ty 05 (CVO0S5; the lowest concentration at which the Inh-
GAPLA becomes < 0.05) in the first experiment. A total
of 10 serial dilutions of the X-VIVO™ 15 second stock
solutions were made at a dilution factor of 1.5. Next,
50 pL/well of diluted solution is added to 50 pL of the
cell suspension in the wells of a 96-well flat-bottom black
plate. The samples were then mixed on a plate shaker and
incubated for 16 hr at 37°C and 5% CO,, after which the
luciferase activity was measured as described below. Each
concentration of each test chemical was tested in 4 wells.
The mIL-8 Luc requires at most 4 test runs to determine
whether a chemical has a positive or a negative predic-
tion. These procedures are schematized in Supplementary
Fig. 1.

IL-8 promoter-luciferase gene reporter assay

The activity of SLO and SLR of THP-GS8 cells can be
measured simultaneously and quantitatively using opti-
cal filters (Nakajima et al., 2005; Noguchi et al., 2008).
In this study, luciferase activity was determined using a
microplate-type luminometer with a Phelios multi-color
detection system (Atto Co., Tokyo, Japan) and the Tri-
pluc® luciferase assay reagent (Toyobo Co., Ltd., Osaka,
Japan), according to the manufacturer’s instructions.
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Since some chemicals affected cell viability, we
defined the parameter nIL8LA to represent IL-8 promot-
er activity. This parameter is calculated by normalizing
the IL-8 luciferase activity (ILSLA) to GAPDH luciferase
activity (GAPLA). We also calculated the Inh-GAPLA by
dividing the GAPLA of chemically treated THP-GS8 cells
by that of non-treated cells. The Ind-IL8LA was calculat-
ed by dividing the nIL8LA of chemically treated THP-G8
cells by that of non-stimulated cells. The parameters used
in the mIL-8 Luc are defined in Table 1.

Criterion for positive judgment and to determine
sensitisers

Based on the above-mentioned parameters, we defined
the criteria necessary to identify a potential sensitizer. To
make a final judgment, the mIL-8 Luc requires at most
four experimental replicates. In each replicate, chemi-
cals that demonstrate Ind-ILSLA > 1.4 and the lower lim-
it of the 95% confidence interval > 1.0 are judged as pos-
itive. Chemicals that provide two positive results in the
first, second, third, or fourth experimental replicates are
considered sensitizers, and chemicals that provide three
negative results in the first, second, third, or fourth exper-
imental replicates are considered non-sensitizers. In addi-
tion, any detergents or any anhydrites are included in the
exclusion criterion (Kimura et al., 2015)

When the mIL-8 Luc was accepted as an OECD test
guideline, however, the criteria were modified. Name-
ly, after determining positive or negative in each experi-
ment, as described in the original criterion, chemicals that
provide two positive results in the first, second, third, or
fourth experimental replicates are considered as sensitiz-
ers, and chemicals that provide three negative results in
the first, second, third, or fourth experimental replicates
are considered as supposed negative. Then chemicals
judged as supposed negative are further classified into
negative when chemicals are dissolved at 20 mg/mL and
“should not be considered” when they are not dissolved.
In addition, any detergents or any anhydrites are includ-
ed in the exclusion criterion (OECD, 2018). Based on the
new criteria, the mIL-8 Luc was designated as the tgIL-8

Luc in this manuscript.

Determination of chemical concentration in the
mIL-8 Luc

In the procedure for the mIL-8 Luc, we first deter-
mined whether 20 mg of the test chemical would dis-
solve in 1 mL of X-VIVO™ 15. If the chemical was
soluble, the concentration of the stock solution was
20 mg/mL. If the chemical was not soluble in X-VI-
VO™ 15, the concentration of the stock solution was
not determined. Therefore, to estimate the concentra-
tion of the stock solution when 20 mg of the chemical
was not dissolved in 1 mL of X-VIVO™ 15, we exam-
ined the solubility of the chemical at 2 mg/mL in X-VI-
VO™ 15. Namely, X-VIVO™ 15 was added to 2 mg of
the chemical up to 1 mL in a 1.5-mL microcentrifuge tube
(Eppendrof, Hamburg, Germany). If the chemical was
dissolved after vigorous vortex and rotation at a maxi-
mum speed of 8 rpm for 30 min, the concentration of the
stock solution was estimated as 2 mg/mL, and if it did
not dissolve, the concentration was approximated by 0.2
mg/mL. In particular, for liquid chemicals, 1 mg of Sudan
black B (Merck, Dalmstadt, Germany) was added to 1 mL
of the chemical substance (0.1% [w/v]) to permit visuali-
zation of insoluble chemical.

Statistical analyses

To examine the correlation among the results of the
mlIL-8 Luc, oIL-8 Luc, DPRA, h-CLAT, and Keratino-
Sens assays, we first determined the minimum induction
threshold in the IL-8 Luc and oIL-8 Luc that are defined
as the lowest concentration at which chemicals satisfy the
positive criteria of the assays. Then we examined the cor-
relation curves and 72 values for comparisons of the IL-8
Luc EC1.4, oIL-8 Luc EC1.4, percent depletion of pep-
tides in DPRA, h-CLAT CD86 EC150, h-CLAT CD54
EC200, and KeratinoSens EC 1.5 using BellCurve for
Excel (SSRI Co., Ltd., Tokyo, Japan).

Table 1. Description of terms associated with the luciferase activity in the mIL-8 Luc.

Abbreviations Definition

GAPLA SLR luciferase activity reflecting GAPDH promoter activity

ILSLA SLO luciferase activity reflecting IL-8 promoter activity

nILSLA IL8LA / GAPLA

Ind-IL8LA nIL8LA of THP-G8 cells treated with chemicals / nIL8LA of untreated cells
Inh-GAPLA GAPLA of THP-GS treated with chemicals / GAPLA of untreated cells

CVO05 The lowest concentration of the chemical at which Inh-GAPLA becomes < 0.05.
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RESULTS

Performance of the miIL-8 Luc

In this study, to complete the data set of the mIL-8 Luc,
we examined 21 more chemicals using the mIL-8 Luc
and oIL-8 Luc in addition to the 122 chemicals analyzed
previously (Kimura et al., 2015). The chemicals exam-
ined included 3 extreme sensitizers, | strong sensitizer,
6 moderate sensitizers, 9 weak sensitizers, and 2 non-sen-
sitizers (Supplementary Table 1). The performance of the
mlIL-8 Luc was 86.0% of sensitivity, 63.9% of specificity
and 80.4% of accuracy, while that of the oIL-8 Luc was
76.6% of sensitivity, 69.4% of specificity, and 74.8% of
accuracy. After applying the exclusion criterion for deter-
gents and anhydrides, the mIL-8 Luc provided 87.6% of
sensitivity, 74.2% of specificity, and 84.6% of accuracy,
while the oIL-8 Luc provided 78.1% of sensitivity, 77.4%
of specificity, and 77.9% of accuracy.

On the other hand, when the criteria in the OECD test
guideline 442E were applied, it provided 95.8% of sensi-
tivity, 40.9% of specificity, and 85.8% of accuracy. After
applying the exclusion criterion, it provided 95.8% of sen-
sitivity, 53.0% of specificity, and 89.4% of accuracy. In
these criteria, 23 chemicals among 143 examined chemi-
cals were judged as “should not be considered” (Table 2).

The effects of physical properties of chemicals
on the sensitivity of the mIL-8 Luc

Since the mIL-8 Luc does not use DMSO as a sol-
vent, it may be unable to correctly evaluate sensitisers
with large molecular weights, high LogKo/w, or poor
water solubility. We next compared 3 physical proper-
ties between sensitisers judged as positive (true positive)
and those judged negative (false negative) by the mIL-8
Luc: molecular weight, LogKo/w, and water solubility
(Fig. 1a, 1b, and 1c). The results clearly indicated that the
means +/- SEM of molecular weight, LogKo/w, and water

solubility are very similar between chemicals judged as
true positive and those judged as false negative. In oth-
er words, high molecular weight, high LogKo/w, or poor
water solubility does not cause false negative judgment.

The combination of the tgIL-8 Luc with DPRA

There is a wide consensus that due to the complexi-
ty of the skin sensitisation pathway, no single non-animal
method can replace animal testing, and instead it will be
necessary to develop integrated approaches to testing and
assessment (IATA) using combinations of assays repre-
senting different KEs of the AOP (reviewed by Roberts et
al. (Roberts and Patlewicz, 2018)). In addition, since the
tglL-8 Luc, which is based on the criteria accepted by the
OECD, showed poor specificity in spite of its high sen-
sitivity and reasonable accuracy, we developed a simple
test battery with DPRA. Most in vitro test methods so far
accepted as OECD test guidelines have some trouble with
false positive data caused by the poor solubility of chem-
icals in the culture medium. So, we combined the tgIL-8
Luc with in chemico method, DPRA. In this approach,
chemicals are first examined by the tglL-8 Luc because
it is characterized by high sensitivity. Then the chemicals
that are excluded by the applicability domain or by the
judgment as “should not be considered” are evaluated by
DPRA. The performance of this battery approach result-
ed in a significant improvement of specificity and became
93.5% of sensitivity, 68.6% of specificity and 87.3% of
accuracy (Table 2).

Estimation of the concentration of poorly
water-soluble chemicals used the mIL-8 Luc

In the mIL-8 Luc, when the chemicals do not dissolve
in X-VIVO™ 15, they are vigorously vortexed, sonicated
if necessary, and centrifuged and the resulting supernatant
is then used as the stock solution. Therefore, when chemi-
cals do not dissolve at 20 mg/mL, the concentration of the

Table 2. The performance of the IL-8 Luc assay using different solvents and criteria.

After considering the

applicability domain ( Oth%]')g iz&CE)
olL-8 mlL-8 tglL-8 Luc olL-8 mlL-8 tglL-8 Luc I DPRA
Luc Luc  (OECD 442E) Luc Luc (OECD 442E)
Chemical number 143 143 143 136 136 136 143
dO(;llil:ifnapphcablhty n.a n.a n.a 7 7 7 0
Chemicals judged as
"should not be considered" n-a n-a 23 n-a n-a 23 0
Accuracy 74.8% 80.4% 85.8% 77.9% 84.6% 89.4% 87.3%
Sensitivity 76.6% 86.0% 95.8% 78.1% 87.6% 95.8% 93.5%
Specificity 69.4% 63.9% 40.9% 77.4% 74.2% 53.0% 68.6%

n.a: not applicable
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stock solution must be determined by some procedures. In
our previous study (Kimura et al., 2015), because our pro-
cedure involved attempting to dissolve chemicals to their
water solubility by a variety of methods, the water solu-
bility given by EPI Suite™ was substituted as the concen-
tration of the stock solution. To calculate the concentra-
tion of the stock solution more accurately, in the present
study, we estimated the concentration of the stock solu-
tion by directly examining the solubility of chemicals at
20 mg/mL and 2 mg/mL as described in the Materials and
Methods. The estimated concentration of the stock solu-
tions is presented for each chemical in Supplementary
Table 2.

Correlation between the mIL-8 Luc EC1.4 and
the olL-8 Luc EC1.4

After calculating the concentrations of the stock solu-
tions, we determined the EC1.4 of sensitizers by divid-
ing the calculated concentration of the stock solution by
the dilution factor required to obtain the lowest concen-
tration at which the chemical would satisfy the positive
criterion. The EC1.4 of 143 chemicals analyzed using the
mlIL-8 Luc or the oIL-8 Luc are shown in Supplementa-
ry Table 2.
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We then assessed the correlation between the EC1.4
determined using the mIL-8 Luc and those determined
using the olL-8 Luc. A strong correlation was observed
when we calculated the mIL-8 Luc EC1.4 using EPI
Suite™ water solubility data (Fig. 2a, R? = 0.547). The
correlation was much stronger when we calculated the
mIL-8 Luc EC1.4 using the concentration of the stock
solution (Fig. 2b, R? = 0.866), thus validating the calcula-
tions of the prepared stock solutions.

Correlation between the mIL-8 Luc EC1.4
data and the parameters of other in vitro or in
chemico test methods

We next assessed the correlation between the mIL-8
Luc EC1.4 data and the parameters of other in vitro or
in chemico test methods, such as the DPRA, h-CLAT,
and KeratinoSens assays. Initial analyses of the correla-
tion between mIL-8 Luc EC1.4 and the percent deple-
tion of peptides containing glutathione or the ami-
no acids cysteine, lysine, or histidine in the DPRA
(Gerberick et al., 2004) showed no statistically signifi-
cant correlation (Fig. 3). Similarly, we examined the cor-
relation between mIL-8 Luc EC1.4 and the concentration
required to induce > 150% augmentation of CD86 in the
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EC1.4 for sensitisers. (a) Water solubility of chemicals as indicated by EPI Suite™ software was used to calculate the con-
centration of the stock solution. (b) The concentration of the stock solution was calculated by the devised procedure.
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Fig. 3. Correlation between the mIL-8 Luc and other screen-
ing methods (DPRA). The correlation between mIL-8
Luc EC1.4 and the percent depletion of peptides con-
taining glutathione, cysteine, lysine, or histidine in the

DPRA was examined for various sensitizers.

h-CLAT assay (CD86 EC150) (Fig. 4a) and the concentra-
tion required to induce > 200% augmentation of CD54 in
the h-CLAT assay (CD54 EC200) (Fig. 4b) (Takenouchi
et al., 2015). Weak correlations were found between the
mIL-8 Luc EC1.4 and CD86 EC150 (R? = 0.231) and
CD54 EC200 (R? = 0.136). No significant correlation
was observed between the mIL-8 Luc EC1.4 and EC 1.5
in the KeratinoSens assay (Natsch et al., 2013) (Fig. 4c,
R2=0.002). These results suggest that the data obtained
using the mIL-8 Luc cannot be obtained using other test
methods, and that combining the mIL-8 Luc with other
test methods could enable more accurate predictions than
any single test method.

DISCUSSION

DMSO is an organosulfur compound and an important
polar aprotic solvent that dissolves both polar and nonpo-
lar compounds and is miscible in a wide range of organ-
ic solvents as well as water. So, DMSO has been used to
dissolve chemicals with poor water solubility in almost
all in vitro test methods to detect skin sensitising potential
of chemicals. However, DMSO does not change water
solubility of chemicals. Therefore, once chemicals dis-
solved in DMSO are transferred to the culture medium to
dilute DMSO to non-cytotoxic concentration, i.e., equal
to or less than 0.5%, chemicals immediately precipitate
if the concentration is over their solubility in water. Since
it is difficult to mix chemicals in assay wells vigorously
and to exactly determine whether precipitation is present
or not in assay wells, the final concentration of chemicals
in assay wells is unknown and is usually estimated based
on the assumption that chemicals dissolved in DMSO are
completely solubilized in the culture medium.

In our previous publication (Kimura et al., 2015), we
reported that the mIL-8 Luc could improve the sensitivi-
ty and the accuracy compared with that using DMSO as a
solvent. So, in this study, we further increased the number
of test chemicals and confirmed that the mIL-8 Luc
improved the sensitivity and accuracy of the oIL-8 Luc,
which indicated that DMSO to dissolve poorly water-sol-
uble chemicals is not necessary to stimulate THP-G8 cells
and possibly dendritic cells or monocytes.

When the mIL-8 Luc was approved as the test guide-
line by the OECD, the criteria were modified to further
decrease the possibility that chemicals are judged as nega-
tive by its poor water solubility. Consequently, the tgIL-8
Luc increased sensitivity and accuracy but decreased spe-
cificity. Now it is well known that a single assay would
be sufficient to adequately assess sensitisation poten-
tial because of the complexity of the sensitisation proc-
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ess and that a more realistic approach involves the use of
integrated approaches for testing and assessment (IATA)
(reviewed by Roberts ez al. (Roberts and Patlewicz,
2018)). Therefore, we combined the tgIL-8 Luc with
DPRA because they focus on different key events of the
skin sensitisation AOP and are different in the methods to
evaluate chemicals. The integrated approach significant-
ly improved its specificity and decreased the number of
chemicals that are judged as “should not be considered” or
included in the exclusion criteria. It is possible to combine
the tglL-8 Luc with other OECD test guidelines for in vit-
ro skin sensitisation assays, such as h-CLAT, U-SENS™,
or KeratinoSens™. Both h-CLAT and U-SENS™ target
the third key event like the gtIL-8 Luc (OECD, 2018),
while KeratinoSens™ evaluates the second key event
(OECD, 2015a). These assays show different performanc-
es and limitations, although the OECD admits that these
assays can contribute to the identification of skin sensi-
tisation hazard. Since KeratinoSens™ targets the second
key event that the tgIL-8 Luc does not evaluate, the com-
bination with KeratinoSens™ or with DPRA and Kerati-
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noSens™. Now we are considering the optimum criteria
to combine the data obtained by different assays.

Finally, some of the physicochemical properties of
chemicals that modulate their penetration into the via-
ble layers of the epidermis have been fairly well char-
acterized, including hydrophobicity (as measured by the
logKo/w), the presence of charged groups, aqueous solu-
bility, and molecular shape and size. All of these proper-
ties can be measured and/or calculated for a substance of
defined chemical structure. For example, chemicals with a
low molecular weight (< 500 g/mol) and logKo/w >1 are
very likely to penetrate the lipid-rich stratum corneum.
However, the value of being able to make predictions
regarding the skin penetration of chemicals only becomes
clear when combined with an understanding of what the
chemical might do once in the viable epidermal layers
and thus in contact with Langerhans cells (reviewed in
Pease et al., (Smith Pease et al., 2003)). Before our cur-
rent study, most of the studies examining the sensitis-
ing potential of chemicals dissolve them in culture medi-
um supported by DMSO. So, it is not considered enough
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how chemicals with poor water solubility can be dis-
solved in the interstitial fluid in vivo. This study clearly
demonstrated the possibility using the synthetic culture
medium X-VIVO™ 15 that the interstitial fluid dissolves
most known sensitizers partially, but to the concentration
enough for stimulating Langerhans cells or DCs.

In conclusion, our results demonstrate that the tgIL-8
Luc is a unique in vitro test method that can detect sen-
sitizers in the purely aqueous phase. The tglL-8 Luc pro-
vides data that cannot be obtained using any other test
method and is thus suitable for use in integrated approach-
es.
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