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Abstract
Background—Selected contact allergens are known to induce phenotypic and functional
maturation of dendritic cells (DCs). Such changes occurring in DCs have been employed as assay
readouts to predict skin-sensitizing potentials of small chemicals.

Objective—To respond to the urgent needs for reliable in vitro tests to identify contact allergens,
we sought to develop a DC-based assay designed to detect early change(s) induced by sensitizers.

Methods—Signature gene expression profiles of skin sensitization were determined by
GeneChip and quantitative RT-PCR analyses of RNA samples harvested from mouse skin and
XS106 DC line after exposure to dinitrofluorobenzene (DNFB). Production of reactive oxygen
species (ROS) was examined indirectly by measuring the level of oxidative stress – XS106 DCs
were labeled with a fluorescent dye, CM-H2DCFDA, exposed to test chemicals, and then
examined for fluorescence signals by flow cytometer.

Results—DNFB induced abundant mRNA expression of several redox regulatory genes in both
mouse skin and XS106DCs. Expression of these genes was inducible by hydrogen peroxide and
blocked by a ROS inhibitor, diphenyleneiodonium. Rapid and significant ROS production was
induced by 25 of the 28 tested skin sensitizers, but only by 3 of the 21 tested skin irritants.

Conclusions—Our small-scale validation study demonstrates the practical utility of our DC-
based ROS production assay to detect structurally diverse contact allergens with varying
sensitizing potencies. It is tempting to speculate that ROS production in DCs may represent an
early event during the sensitization phase.

1. INTRODUCTION
Allergic contact dermatitis represents T cell-mediated adaptive immune responses to skin
sensitizers, in which epidermal Langerhans cells and/or dermal dendritic cells (DCs) are
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believed to play pathogenic roles during the sensitization phase [1,2]. In mouse models of
contact hypersensitivity response, Langerhans cells were found to undergo morphological,
phenotypic, and functional maturation during the sensitization phase [3–5]. Subsequent
studies have unveiled a variety of changes inducible by skin sensitizers in DCs in culture,
including activation of several signal transduction pathways, elevated surface expression of
MHC class II molecule, co-stimulatory molecules, and adhesion molecules, and production
of selected cytokines and chemokines [6–8]. More recent studies have further defined
diverse sets of signature genes expressed by DCs after in vitro exposure to skin sensitizers
[9–11]. However, initial and universal responses of DCs to sensitizers still remain relatively
unknown, because most of the above changes became detectable 4–48 hours after the
treatment, and because many of these studies analyzed the impacts of prototypic haptens
with strong sensitizing potencies. Thus, the primary purpose of this study was to identify an
early change occurring in DCs after exposure to structurally and functionally diverse contact
allergens.

Virtually all toxicology tests have long been performed using animals, primarily rodents, to
meet with regulatory requirements. The local lymph node assay represents a gold standard in
vivo assay to assess skin sensitizing potentials [12–14]. Briefly, mice receive repeated
applications of a test chemical on the ear skin, followed by intravenous injection of 3H-
thymidine – a stimulation index is then calculated based on 3H-thymidine incorporation into
the draining auricular lymph nodes. However, owing to rapid and dramatic changes in public
views, regulatory requirements, scientific knowledge, and increasing costs associated with
animal testing, concerted efforts are now being made toward development, validation, and
use of alternative in vivo tests [15]. The peptide reactivity assay represents the first
alternative test developed to assess skin sensitizing potentials [16]. Because most sensitizers
are electrophilic and, thus, react with nucleophilic amino acids, this assay is designed to
evaluate the ability of a test chemical to bind to synthetic peptides containing cysteine
residues. Based on the observations that strong sensitizers induce DC maturation, various
DC-based in vitro assays have been developed – they are designed to detect hapten-induced
changes in signaling, gene expression, surface phenotype, and cytokine/chemokines
production [17]. Unfortunately, none of the currently available DC-based assays has been
fully validated for sensitivity and specificity or has actually replaced the local lymph node
assay. We reasoned that identification of the initial event(s) taking place in DCs upon
exposure to contact allergens might allow us to design and construct a novel assay platform.
Thus, our second purpose was to develop a new conceptual framework for the next
generation of DC-based assays for skin sensitizers.

2. MATERIALS AND METHODS
2.1. Animal experiments

C57BL/6 mice were purchased from the Jackson Laboratory (Bar Harbor, ME). For global
gene expression profiling, mice received topical application of 0.5% DNFB or 1%
benzalkonium chloride (BAC) on the right ear and vehicle alone on the left ear, as described
elsewhere [18]. All animal experiments were approved by the Institutional Animal Care and
Use Committee at University of Toledo College of Medicine and conducted according to the
guidelines of the National Institutes of Health (NIH).

2.2. Cell preparations
The XS106 DC line was established from the epidermis of newborn A/J mice and its
phenotypic and functional features are described elsewhere [19]. XS106 DCs were
maintained in complete RPMI 1640 supplemented with 0.5 ng/mL of GM-CSF and 5%
NS47 fibroblast culture supernatant. The Pam 212 KC line established from BALB/c mice
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[20] was maintained in complete RPMI in the absence of added growth factors. Bone
marrow-derived murine DC cultures and monocyte-derived human DC cultures were
generated by using standard protocols [21,22]. The resulting DC cultures were >95% pure
assessed by surface expression of I-Aβ and CD11c for mouse DCs or HLR-DA and CD11c
for human DCs.

2.3. Gene expression analyses
Total RNAs extracted from mouse skin samples or cell cultures using the TRIzol
(Invitrogen, San Diego, CA) and RNeasy Plus Mini Kit (Qiagen, Valencia, CA) were
examined for gene expression profiles using the GeneChip® Mouse Genome 430 2.0 Array
(Affymetrix, Santa Clara, CA). The data were normalized with Microarray Suite 5.0
(Affymetrix) and filtered with GeneMaths XT (Applied Maths, Austin TX). HO-1, Srxn1,
Txnrd1, and Gclm mRNA expression was examined by quantitative RT-PCR by using the
corresponding primer sets purchased from SA Biosciences (Frederick, MD), LightCycler
(Roche Applied Science, Indianapolis, IN), and QuantiTect SYBR Green PCR Master Mix
(Qiagen). The expression level was normalized based on the GAPDH mRNA.

2.4. ROS production assay
Test chemicals were purchased from Sigma-Aldrich (St. Louis, MO), MP Biomedicals
(Solon, OH), or Alfa Aesar (Ward Hill, MA) and dissolved in 0.1% DMSO in HBSS.
XS106 DCs or Pam 212 KCs (1.5 × 106 cells/mL) were labeled with 2 µM CM-H2DCFDA
in HBSS for 15 minutes at 37°C, washed extensively, and then exposed to test compounds
in the above buffer for 5–60 minutes. In some experiments, CM-H2DCFDA-loaded cells
were incubated with test compounds in HBSS for 30 minutes, washed extensively, and then
cultured for extended periods in complete RPMI medium in the continuous presence of the
test compounds. The samples were analyzed by FACSCalibur (BD Biosciences, San Jose,
CA) for propidium iodide (PI) uptake and for MFI within the PI-negative populations.
Regression curves were generated from the dose-response dataset for cell viability and ROS
production and using the Regression Wizard (Sigmoidal dose-response) function in the
Sigma Plot program to calculate 5% killing doses and ROSmax values.

2.5. Statistical analyses
Comparisons between two groups were performed with a two-tailed Student t-test, and more
than two-groups were assessed using an analysis of variance and Dunnett’s test. All
experiments were repeated at least three times to assess reproducibility.

3. RESULTS
3.1. Identification of DNFB-inducible gene expression profiles

To identify gene expression profiles observed in the skin during the sensitization phase, we
topically applied a prototypic sensitizer DNFB, a skin irritant BAC, or vehicle alone to
C57BL/6 mice and examined the gene expression profiles 6 hours later by GeneChip®

Mouse 430 2.0 Array (Fig. 1A). It should be stated that the tested concentration of BAC
(1%) was selected based on our preliminary observation that it caused only modest skin
inflammation in the level comparable to that induced by 0.5% DNFB in naïve mice. From
the clustering analysis, we identified 83 genes that were expressed at significantly (>2-fold,
P < 0.05, n = 3) higher levels in DNFB-painted skin, but not in BAC-painted skin, compared
to vehicle-treated control skin. The whole-gene-array datasets have been deposited in Gene
Expression Omnibus (GEO) with accession number GSE20726. The DNFB-inducible genes
included a unique set of genes encoding redox regulatory enzymes, such as heme oxygenase
1 (HO-1), sulfiredoxin 1 (Srxn1), thioredoxin reductase 1 (Txnrd1), and glutamate-cysteine
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ligase modifier subunit (Gclm). To confirm these observations, we examined mRNA
expression of those redox regulatory genes by quantitative RT-PCR (Fig. 1B). Again, all the
four genes were expressed at significantly (3 to 10-fold, P < 0.05, n = 3) elevated levels in
DNFB-painted skin, but not in BAC-painted skin. To determine whether DCs might respond
to DNFB in a similar manner, we exposed our skin-derived mouse DC line, XS106, to
DNFB or vehicle alone. DNFB elevated HO-1, Srxn1, Txnrd1, and Gclm mRNA expression
in a dose- and time-dependent manner, with peak responses observed after 6 hours (Fig. 1C).
Because HO-1, Srxn1, Txnrd1, and Gclm are all involved in the metabolism of ROS and/or
the production of anti-oxidants, we interpreted our gene expression data to suggest that skin
sensitizers may trigger rapid ROS generation of DCs and that DCs may express those redox
regulatory genes in response to the excessive oxidative stress. If both hypotheses are correct,
ROS production would then represent an early signature event taking place in DCs after
exposure to skin sensitizers.

3.2. Rapid ROS generation in DCs after in vitro exposure to skin sensitizers
To test the first part of the above hypothesis, we examined ROS production in DCs
indirectly by measuring the level of oxidative stress with a ROS sensitive dye CM-
H2DCFDA, which is converted into a green fluorescent form by peroxides, peroxynitrite, or
hydroxyl radical. Briefly, XS106 DCs were pre-loaded with CM-H2DCFDA for 15 minutes,
washed extensively, and then incubated with 8 µM DNFB or vehicle alone. Brief (20
minutes) exposure to DNFB induced a marked increase in the fluorescence intensity (Fig.
2A). Using the mean fluorescence intensity (MFI) as a parameter, we next quantified the
level of oxidative stress – treatment with 4 µM DNFB elevated MFI levels in a time-
dependent manner, with significant (P < 0.01) elevation already detectable after 5 minutes
(Fig. 2B, open triangles). It should be stated that DNFB at this concentration caused no
significant cell death at any tested time points as measured by PI uptake (Fig. 2C, open
triangles). DNFB at 8 µM induced more robust oxidative stress, although modest cell death
was observed at later time points (open circles).

To test cell type-specificity, we next exposed the XS106 DC line and the Pam 212
keratinocyte (KC) line in parallel to DNFB at graded concentrations for 15 minutes. Once
again, DNFB triggered ROS generation in XS106 DCs in a dose-dependent manner (Fig.
2D, open circles). DNFB also induced ROS production in Pam 212 KCs, albeit in much
smaller magnitudes. Interestingly, the two cell types were comparable to each other in the
levels of ROS production after exposure to hydrogen peroxide (Fig. 2D, right panels).
DNFB-induced ROS production in XS106 DCs was also confirmed with a second ROS-
sensitive dye, dihydrorhodamine-123 (Supplementary Fig. S1). Furthermore, DNFB
treatment also triggered ROS production in primary murine DC cultures generated from
bone marrow cells (Supplementary Fig. S2), as well as in primary human DC cultures
generated from peripheral blood monocytes (Supplementary Fig. S3). Importantly, DNFB at
the tested concentrations did not significantly affect the viability of either murine or human
DC populations. Based on these observations, we have concluded that rapid ROS
generation, indeed, represents an early response of DCs to DNFB treatment.

Causative relationship between DNFB-induced ROS generation and redox regulatory gene
expression

A key question concerned the functional outcome. In this regard, the time-course for DNFB-
induced HO-1 mRNA expression peaking at 6 hours lagged behind that for DNFB-triggered
ROS production (Fig. 3). We interpreted this to suggest a causative relationship between the
two events taking place in DNFB-treated DCs. Thus, we next sought to determine whether
some of the redox regulatory genes are also inducible by exposure to hydrogen peroxide,
and whether such DNFB-induced expression of those genes can be prevented by blocking
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ROS generation. To answer to both questions, we examined global gene expression profiles
in XS106 DCs after brief exposure to: a) vehicle alone, b) DNFB, c) hydrogen peroxide, d) a
ROS inhibitor, diphenyleneiodonium (DPI), or e) DNFB plus DPI (Fig. 4A, GEO accession
number: GSE20727). Hydrogen peroxide mimicked DNFB by inducing the expression of
HO-1, Srxn1, Txnrd1, and Gclm mRNAs. Conversely, DNFB-induced expression of these
genes was prevented by DPI almost completely.

To confirm these observations, we measured ROS production with CM-H2DCFDA and
redox regulatory gene expression by quantitative RT-PCR in the next set of experiments.
Again, DNFB triggered robust ROS production and elevated HO-1 and Srxn1 mRNA in
XS106 DCs (Fig. 4B). Importantly, DPI inhibited these DNFB-inducible changes almost
completely without affecting cell viability. We employed the same assay systems to examine
the impacts of four structurally diverse skin sensitizers: 3-dimethylaminopropylamine
(3DAP), hydroxycitronellal (HC), ethyleneglycol dimethacrylate (EGDM), and
phenylacetaldehyde (PAA). These allergens also induced significant ROS production and
HO-1 and Srxn1 mRNA expression, and DIP efficiently prevented both outcomes (Fig. 4C
and 4D). These data support our hypothesis that skin sensitizers induce the expression of
redox regulatory genes by triggering rapid ROS production.

Detection of skin sensitizers with a newly developed DC-based assay designed to measure
oxidative stress

Our observations with DNFB and four additional sensitizers implied that one might be able
to detect skin-sensitizing potentials of test chemicals by measuring their abilities to trigger
oxidative stress in DCs. To test this, we selected 28 allergens, based on their skin sensitizing
potentials measured by the murine local lymph node assay [12,13,23,24,25,26,27], as well as
their structural diversity, availability from commercial sources, and solubility in our
standard buffer. We also included 21 skin irritants for comparison. All the test compounds
are listed in Supplementary Table S1 with abbreviations, functional properties, and
references. Each of these 49 compounds was added at five different concentrations in
triplicates to XS106 DCs pre-loaded with CM-H2DCFDA. After 15 minutes, we measured
MFI (Fig. 5, red lines) and cell viability (blue lines). Because some test compounds may
exhibit auto-fluorescence signals, unloaded XS106 DCs were incubated with all test
compounds in parallel to serve as additional controls (purple lines). Most of the tested skin
sensitizers induced significant ROS production at sub-toxic concentrations (Fig. 5A). By
contrast, only a small number of the tested irritants, such as propyl paraben (PP), vanillin
(VA), and octanoic acid (OA), induced significant ROS production (Fig. 5B). BAC, which
was employed as a prototypic irritant in our GeneChip analyses, failed to induce significant
ROS production at any tested concentration. As expected, many compounds showed
significant cytotoxicity at high concentrations. Although modest auto-fluorescence signals
were detected with some chemicals, they did not affect the measurement of ROS production.

To analyze the above dataset in a more systematic manner, we calculated the 5% killing
dose, which was defined as the concentration of each compound causing 5% reduction in
cell viability. We then calculated the ROSmax value, which was defined as the maximal
magnitude of ROS generation induced by each compound at the dose lower than its 5%
killing doses, compared to the baseline MFI level. The actual 5% killing doses and ROSmax
values for all tested chemicals are shown in Supplementary Table S1. Finally, we scored the
compounds showing ROSmax values higher than 2.0 as “positive” (Fig 6). Strikingly, 25 of
the 28 tested skin sensitizers were scored as positive, indicating relatively high sensitivity
(89.3%). The sensitizers that failed to induce positive ROS generation were 1,4-
phenylenediamine (PPD), isoeugenol (ISO), and cinnamic alcohol (CALC). Interestingly,
they have all been categorized as pre/pro-haptens [28]. Conversely, only 5 of the 21 tested
irritants showed positive responses, indicating relatively high specificity (76.2%) as well.
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Taken together, our data demonstrate that ROS production in DCs represents an early
signature event inducible by structurally diverse sensitizers with varying potencies.

DISCUSSION
Our GeneChip and quantitative RT-PCR analyses have unveiled that several redox
regulatory genes (e.g., HO-1, Srxn1, Txnrd1, and Gclm) are expressed in mouse skin after
DNFB application, as well as in DCs after in vitro exposure to DNFB. Interestingly, all
these genes are known to be regulated by the Keap1/Nrf2 pathway [29–31]. Nrf2 is the key
transcription factor binding to the antioxidant response element (ARE) and, thereby,
initiating the expression of a broad spectrum of ARE-regulated genes encoding enzymes and
proteins involved in the metabolism of elecrophiles and oxidants. Keap1 is a cytosolic
repressor protein that retains Nrf2 in the cytoplasm and promotes its proteosomal
degradation. Thus, disruption of the association of Nrf2 with Keap1 is required for nuclear
translocation of Nrf2 and for the subsequent activation of ARE-regulated genes [31,32]. Our
observations are in complete agreement with the recent in vitro observations that contact
sensitizers induce ARE-dependent gene transactivation. By using a human breast cancer cell
line engineered to express the luciferase reporter gene under the control of tandem repeats of
the ARE sequence [33], Natsch and Emter screened 70 chemicals with varying skin
sensitizing potencies – strikingly, 57 chemicals (81.4%) were found to induce significant (≥
1.5-fold) induction of luciferase activities above the baseline level [34]. Ade et al.
demonstrated that all four tested sensitizers induce mRNA expression of two ARE-
responsive genes, HO-1 and NAD(P)H quinine oxidoreductase 1 [35].

With regard to mechanisms for the activation of the ARE/Nrf2 pathway, one may suggest
that electrophilicity of skin sensitizers is responsible, because covalent modification of
highly reactive cysteine residues of Keap1 protein can lead to its dissociation from Nrf2
[31,36]. On the other hand, oxidative stress can also directly modulate the stability of Keap1
[37]. As the most abundant small intracellular bio-thiol, glutathione prevents oxidation of
cysteine residues of Keap1. Oxidation of glutathione, thus, potentiates Keap1 modification,
leading to the activation of the Keap1/Nrf2 pathway [32]. Our data support the latter
mechanism. Not only did DPI prevent ROS production in DNFB-treated DCs, it also
inhibited DNFB-induced expression of HO-1, Srxn1, Txnrd1, and Gclm mRNAs. Moreover,
these genes were inducible in DCs by exposure to hydrogen peroxide. Thus, we propose that
contact allergens can trigger the expression of ARE-regulated genes by a ROS-mediated
mechanism. It is tempting to speculate further that rapid ROS production in DCs may
represent an initial event ruling the sensitization phase of contact hypersensitivity response.
In fact, Aiba and his colleagues have demonstrated a causative relationship between
sensitizer-induced oxidative stress in DCs and their subsequent activation/maturation
[38,39]. Phenotypic maturation of DCs has been induced by in vitro exposure to hydrogen
peroxide [40]. Furthermore, transgenic mice over-producing extracellular superoxide
dismutase showed impaired Langerhans cell migration from sensitizer-painted skin and
severely diminished contact hypersensitivity responses [41].

In an attempt to translate our findings, we have developed a DC-based ROS assay using our
skin-derived DC line, XS106. In a small-scale validation study, our assay showed relatively
high sensitivity (with a false negative rate of 3/28) and high specificity (with a false positive
rate of 5/21). Not only is our assay robust in the magnitude of responses, it is also simple
and fast – a fully trained investigator can analyze up to 300 samples/day single-handedly in
the current protocol. Our assay is also compatible to high-throughput screening with minor
modifications. We believe that the ROS production assay can be combined with other in
vivo tests, such as the peptide reactivity assay and DC maturation assays, to form a new
platform for predicting skin sensitizing potentials of industrial and environmental chemicals.
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It is important to point out major limitations of the present study. First, we assessed ROS
production only indirectly by measuring the level of oxidative stress with ROS-sensitive
fluorescent dyes, because our primary objective was to develop a simple in vitro assay.
Thus, molecular identifies of the excessive oxidative stress detected in hapten-treated DCs
and underlying mechanisms for hapten-induced ROS production remain to be determined.
Second, our assay failed to detect pre/pro-haptens, i.e., PPD, ISO, and CALC. In this regard,
pro-haptens have been successfully converted into active forms by in vitro incubation with
cytochrome p450 enzymes [42] or with horseradish peroxidase and hydrogen peroxide [28].
Such pre-treatments may improve the sensitivity of our assay. Likewise, some of the tested
skin irritants, e.g., PP, VA, and OA, caused significant ROS production. It is conceivable
that some of these irritants showing false positive signals may not be recognized by effector
T cells expressing the relevant T cell receptors. This limitation must be overcome by
combining our assay with other in vitro methods designed to assess different features
required for a given chemical to serve as a contact allergen. Our assay was not designed to
identify photo-sensitizing compounds. Since ultraviolet light exposure causes ROS
production, it is tempting to speculate that combination of such compounds and ultraviolet
light irradiation may produce robust ROS production in a synergistic manner. Finally,
although our screening capability has been markedly improved by the use of the XS106 DC
line, its mouse origin may raise a concern as an assay to detect human allergens. In this
regard, DNFB induced significant ROS production in both mouse and human primary DC
cultures as well, and the XS106 DC line was, indeed, capable of respond to many of the
tested chemicals known to cause allergic contact dermatitis in human. Despite these and
other limitations, we believe that the present study forms both conceptual and technical
frameworks for the use of our DC-based ROS assays for rapid detection of skin sensitizing
chemicals.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Gene expression profiles in DNFB-painted skin and in DNFB-treated DCs
(A) Ear skin samples harvested 6 hours after topical application of DNFB, BAC, or vehicle
alone were analyzed for global gene expression profiles. The heat map was created from
three independent skin samples/group to show the genes that were significantly (>2-fold, P <
0.05, n = 3) upregulated in the skin painted with DNFB (but not BAC), as compared to the
steady-state levels observed in vehicle-painted skin. Redox regulatory genes are indicated in
red. (B) The same skin samples were analyzed for mRNA expression of the indicated redox
regulatory genes by quantitative RT-PCR. Data shown are relative expression levels (means
± SD, 3 mice/group) compared to the baseline observed in vehicle-painted skin. * P < 0.05;
** P < 0.01. (C) XS106 DCs were incubated with DNFB at 4 µM (triangles) or 8 µM
(circles) for the indicated periods and examined for mRNA expression of the indicated genes
by quantitative RT-PCR. Data shown are relative expression levels (means ± SD, triplicate

Miyazawa and Takashima Page 10

J Dermatol Sci. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cultures/group) compared to the baseline observed in control samples treated with vehicle
alone. * P < 0.05; ** P < 0.01.
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Fig. 2. DNFB treatment triggers rapid ROS production in XS106 DCs
(A) XS106 DCs pre-loaded with HBSS alone or CM-H2DCFDA were incubated for
20minutes with 8 µM DNFB or vehicle alone. The samples were then examined for
fluorescence profiles within the PI-negative populations. (B,C) CM-H2DCFDA-loaded
XS106 DCs were incubated for the indicated periods with vehicle alone (closed circles), 4
µM DNFB (triangles), or 8 µM DNFB (circles) and then examined for ROS production by
measuring the level of oxidative stress (B) and for cell viability by PI uptake (C). (D) XS106
DCs (circles) or Pam 212 KCs (triangles) were pre-loaded with CM-H2DCFDA and then
incubated for 15 minutes with DNFB and H2O2 at the indicated concentrations. The samples
were examined for ROS production and cell viability. Data shown are the means ± SD from
triplicate cultures. * P < 0.05; ** P < 0.01.
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Fig. 3. Time-kinetics for DNFB-induced ROS production and HO-1 mRNA expression
XS106 DCs were cultured for the indicated periods in the presence of vehicle alone (closed
circles), 2 µM DNFB (open squares), or 4 µM DNFB (open triangles). The samples were
then cultured in examined for squares) of ROS production (A), HO-1 mRNA expression (B),
and cell viability (C. Data shown are relative expression levels (means ± SD, triplicate
cultures/group) compared to the baseline observed in control samples cultured with vehicle
alone. * P < 0.05; ** P < 0.01.
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Fig. 4. Causative relationship between DNFB-induced ROS production and redox regulatory
gene expression
(A) XS106 DCs were cultured for 6 hours with 6 µM DNFB, 300 µM H2O2 or vehicle alone.
To some samples, 25 µM DPI was added from 30 minutes before the above culturing period.
All samples were examined for global gene expression profiles. The heat map was created
from three independent samples/group to show the genes that were significantly (>2-fold, P
< 0.05) upregulated by DNFB as well as by H2O2. Redox regulatory genes are indicated in
red. (B–D) XS106 DCs were cultured with DNFB at the indicated concentrations (B) or with
the indicated skin sensitizers (C and D) and then examined for ROS production (after 15
minutes) and for HO-1 and Srxn1 mRNA expression and cell viability (after 6 hours). To
some samples, 25 µM DPI was added from 30 minutes before the culturing periods. Data
shown are the means ± SD from triplicate cultures. * P < 0.05; ** P < 0.01.
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Fig. 5. Small-scale validation study of DC-based ROS production assay
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XS106 DCs pre-loaded with CM-H2DCFDA (red and blue lines) or with HBSS alone
(purple lines) were incubated for 15 minutes with each of the 28 skin sensitizers (A) or 21
skin irritants (B) at five different concentrations. The samples were then examined for ROS
production (red lines), auto-fluorescence signals (purple lines), and cell viability (blue lines).
Abbreviations and functional properties of all tested chemicals are described in
Supplementary Table S1.
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Fig. 6. Sensitivity and specificity of DC-based ROS production assay
The ROSmax values of all tested sensitizers (closed bars) and irritants (open bars) are shown.
Raw data for 5% killing doses and ROSmax values can be found in Supplementary Table S1.
The asterisks indicate the compounds known as pre/pro-haptens.
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