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Abstract

A critical step in the induction of allergic contact allergy is the activation and subsequent migration of Langerhans cells (1L.C),
an important antigen presenting dendritic cell (DC) of the skin. As the Langerhans cells migrate, they undergo a maturation
process. It has been proposed that contact allergen exposure can induce DC maturation, While changes in DC gene expression
profiles induced by various maturation stimuli have been explored, there are no published reports describing genomic-scale
analysis of the changes induced by chemical allergen exposure, Therefore, to explore the concept of chemical allergen-induced
DC maturation and to identily genes that are regulated by exposure to allergens we examined, at the transcriptional level,
the effects of exposure o a contact allergen on DC, Peripheral blood-derived DC were exposed for 24 h to either | mM or
5mM dinitrobenzenesulfonic acid (DNBS). Changes in gene expression were analyzed using Allymetrix U95Av2 GeneChip®.
Comparison of mean signal values from replicate cultures revealed 173 genes that were significanty different (P = 0.001)
between [ mM DNBS treated and untreated control DC and 1249 significant gene changes between S mM DNBS treated and
control DC. Real-time reverse-transeriptase polymerase chain reaction (RT-PCR) was used to evaluate the observed transeript
changes for selected genes in DC derived from a second donor. Comparison of the fold-changes in transeript levels between the
two platforms and donors revealed a good correlation in both direction and magnitude. RT-PCR analysis was also used to assess
the allergen specificity ol a selected number of genes in DC derived from a third donor. Many of the gene expression changes
were found to be induced only by exposure to the allergen, DNBS, and not by exposure to a structurally similar non-ullergen,
benzenesulfonic acid. A number of gene expression changes induced by allergen exposure were found to be consistent with
what is known of the DC maturation process, and thus provide support for the theory of contact allergen-induced DC maturation.
Additionally, it is hoped that some of the transeript changes identified through this approach will be shown to be suitabie for use
in the development of an in vitro predictive assay for contact sensitization,
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1. Introduction

Dendritic cells (DC) are a distinct group of leuko-
cytes characterized by their unique morphology and
their ability to initiate immune responses by process-
ing and presenting antigens. Subpopulations of DC re-
side both in the epidermis and dermis of normal skin
(Maurer and Stingl, 1999+ Shortman and Liu, 2002),
each perhaps serving distinct antigen presenting func-
tions (Allen et al., 2003). Langerhans cells (LC), the
principal DC residing in the epidermis, were the first
DC to be identified, and they typify the sentinel role
of immature DC (Banchereau and Steinman, 1998).
L.C are known to play a key role in the development
of allergic contact dermatitis (ACD). Following an en-
counter with a chemical allergen, LC become activated
and subsequently migrate from the skin to the draining
lymph nodes, undergoing a maturation process during
the journey (reviewed in Kimber and Cumberbatch,
1992). Among the changes reported to oceur in LC as a
result of hapten exposure are the internalization of sur-
face MHC class 11 molecules via endocytosis (Becker
et al.. 1992a,b; Girolomoni et al., 1990), the induc-
tion of tyrosine phosphorylation (Kiihn et al., 1998)
and the modulation of cell surface markers (Aiba and
Katz, 1990; Schwarzenberger and Udey, 1996; Verrier
et al., 1999) and cytokine expression (Enk and Katz,
1992; Wang et al., 2002). Since only limited num-
bers of LC can be obtained from skin for experimental
use, many investigators have employed DC generated
from peripheral blood mononuclear cells (PBMC) as
surrogate LC in efforts to develop an in vitro model
for contact sensitization (Aiba et al., 2000; Degwert
et al., 1997). These PBMC-derived DC have been
shown to respond to chemical allergens in a manner
similar to LC and suggestive of maturation, such as
demonstrating a modulation of receptor-mediated en-
docytosis (Becker et al., 1997), exhibiting changes in
cell surface markers (Aiba et al., 1997; Coutant et al.,
1999), and cytokine production (Aiba et al., 1997).
While there is no doubt that contact allergens do in-
duce important changes in the phenotype and func-
tion of DC, to date, there are no published reports
describing genomic-scale analysis of these changes.
Therefore, to explore further the concept of chemical
allergen-induced DC maturation and perhaps identify
novel genes that are regulated following the interaction
of chemical allergens with cultured DC, we examined,

at the transcriptional level, the effects of exposure to
a contact allergen on DC. Additionally, information
gained by transcript profiling may prove useful in the
development of endpoint measures that can serve as
the basis for an in vitro method to identily potential
skin sensitizing chemicals.

2. Materials and methods

2.1. Generation of peripheral blood-derived
dendritic cells

Anriched human leukocyte preparations were pur-
chased from Sera-Tece Biologicals (North Brunswick,
NJ). Following dilution with an equal part of complete
medium (RPMI-1640 containing 1 x t-glutamine, Ix
penicillin-streptomyein antibiotic mixture (GIBCO,
Rockville, MD), 30 uM 2-mercaptocthanol (GIBCO)
and 10% heat inactivated fetal bovine serum (Hy-
clone Laboratories, Logan, UT) the leukocytes
were separated over Ficoll-Paque gradient (Amer-
sham Pharmacia Biotech, Uppsala, Sweden). The
peripheral blood mononuclear cell fraction was col-
lected, washed and counted using a Coulter Counter
(Beckman-Coulter Inc., Miami, FL). The PBMC
concentration was adjusted to 5 x 10% cells/ml with
complete medium and 30ml of the cell suspension
was plated in T75 flasks, corresponding to a den-
sity of 2 x 109 cells/em?. Following a 2 h incubation
at 37"C/5% COaq, the non-adherent cells were re-
moved. Ten milliliter complete medium containing
[0ng/ml granulocyte-macrophage colony  stimulat-
ing factor (GM-CSF; R&D Systems, Minneapolis,
MN) and 10ng/ml interleukin (I1.)-4 (R&ID Sys-
tems) was added to the remaining adherent cells in
the flask. The cultures were incubated at 37"C/5%
CO, for 48 h during which the adherent cells became
loosely or non-adherent. On day 2, the cells were
collected, centrifuged, resuspended at a concentra-
tion of 1 x 10%cells/ml in fresh complete medium
containing GM-CSF and [L-4 and re-plated. On day
5, residual T- and B-cells were removed from the
cultures using two passages over CD2 (pan T-cell)
and CD19 (pan B-cell) immunomagnetic beads (Dy-
nal, Oslo, Norway) according to the manufacturer’s
directions. Following depletion of T- and B-cells, the
remaining DC were re-suspended to concentration of




C\A. Ryan et al. / Toxicology Letters 150 (2004) 301-316 303

| x 10°cells/ml in fresh complete medium contain-
ing GM-CSF and IL-4 and re-plated in a T75 culture
flask. The cultures were incubated for another 48 h
before experimental use. As previously described
(Hulette et al., 2002), DC cultured for a total of 7 days
in this manner express an immature DC phenotype:
HLA-DR™, CDlat, CD83", CDR0", and CD8EY
(data not shown). Alternatively, DC were derived from
elutriated human monocytes (Advanced Biotechnol-
ogy Inc., Columbia, MD) that were cultured in the
same manner as the PBMC, The phenotype of these
monocyte-derived DC at day 7 was found to be iden-
tical to that of the DC cultured from the enriched
human feukocyte preparations (data not shown).

2.2. Allergen treatment of DC

2,4-Dinitrobenzenesulfonic  acid,  sodium  salt
(DNBS; 99%: Aldrich, Milwaukee, WI), a water
soluble analog of the strong experimental contact
sensitizer dinitrochlorobenzene (DNCB), was used
as the test allergen. Working solutions of 3mM and
I5mM DNBS were prepared in complete medium
with GM-CSF and 1L-4 and filter sterilized. After |
week of culture, the DC were collected, washed and
resuspended at a concentration of 1.5 x 100 cells/ml in
complete medium containing GM-CSF (10 ng/ml) and
[L~4 (10 ng/ml). Two milliliter of the cell suspension
(3 x 10° DC) was plated in the wells of 6-well culture
plates (Falcon; Becton Dickinson Labware, Franklin
Lakes, NJ). Then, cither I ml of complete medium
with GM-CSF and 11L-4 or [ ml of one of the DNBS
working solutions was added to the wells, resulting in
final in-well concentrations of 1 mM and 5 mM DNBS.
Replicate cultures were plated for each experimental
group; control (untreated) and cach allergen-treatment
(I'mM and 5mM DNBS). The cultures were incu-
bated for 24h at 37"C/5% CO,. DC viability fol-
lowing allergen treatment was assessed by propidium
iodide dye exclusion using a Coulter Epics® XL flow
cytometer (Beckman Coulter, Miami, FL). The via-
bility of the control (untreated) DC and DC exposed
to | mM DNBS was greater than 99% while exposure
to SmM DNBS was slightly cytotoxic, resulting in
a DC viability of approximately 85%. To determine
whether or not some of the significant gene changes
were differentially regulated by exposure to allergen,
DC derived from elutriated human monocytes were

exposed to medium alone, I mM and 5 mM DNBS, or
I'mM and SmM benzenesulfonic acid (sodium salt,
98%; BSAc; Aldrich), a non-allergen that is struc-
turally similar to DNBS. Working solutions of BSAc
were prepared and the DC treated in a manner simi-
lar to that of DNBS, The viability of DC exposed to
either concentration of BSAc was greater than 97%.

2.3. RNA isolation

Following treatment, the DC were centrifuged and
the resulting cell pellet was resuspended in TRIzol®
reagent (GIBCQ) for total RNA preparation following
the manufacturer’s instructions, Pellet Paint™ NE
(Novagen, Madison, WI) was used as a co-precipitant
to aid in the recovery of the RNA. The resulting
total RNA was purified further using RNeasy Mini
Kit (QIAGEN, Valencia,CA). The RNA content was
determined  spectrophotometrically and the quality
of RNA was confirmed using the RNA 6000 Nano
Assay (Agilent Technologics, Palo Alto, CA) with
the Agilent 2100 bioanalyzer (Agilent Technologies).
RNA samples were determined to be of high quality
if the electropherograms generated by the bioanalyzer
demonstrated distinet 18S and 28S ribosomal peaks
with an absence of any small peaks between the two
and a relatively flat baseline between 29 seconds and
the 18S peak.

2.4, GeneChip®™ microarray

Total RNA from four replicate cultures of con-
trol and treated DC was used for gene expression
profiling with Affymetrix Human Genome U95Av2
GeneChip® array. This array contains probe sets
(oligos) designed to interrogate mainly full-length
genes with previously identified functions, rather
than expressed sequence tags, and represents ap-
proximately 12,000 characterized sequences. Briefly,
total RNA from cach replicate culture was reverse
transcribed into double-stranded ¢DNA using Super-
Script Choice ¢DNA Synthesis kit (GIBCO) with an
oligo-dT primer containing a T7 RNA polymerase
promoter. After purification by phenol/chloroform
extraction, biotin-labeled ¢RNA was prepared {rom
the double-stranded ¢DNA using an ENZO BioAr-
ray High Yield RNA Transcription Labeling Kit
(Affymetrix Inc., Santa Clara, CA). The biotinylated
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¢cRNA was cleaned-up using RNeasy kit (QIAGEN),
then fragmented at 94°C in fragmentation buffer
(40 mM Tris-acetate pH 8.1, 100 mM KOAc, 30 mM
MgOAc) for 35 min to generate hybridization targets.
The overall quality of each labeled cRNA target was
assessed using Affymetrix GeneChip® Test 3 array
(Affymetrix). Parameters used to assess target quality
included the 3'/5 ratios of housekeeping/maintenance
gene controls such as GAPDH and beta actin, the
performance of target synthesis spikes, background
fluorescence, noise and gene absent/present ratios (for
details on assessing target quality see the Affymetrix
GeneChip® Expression Analysis Technicul Manual;
http:/Awww.affymetrix.com/support/technical/manual/
expression.manual.affx). Based on the results of the
test chips, cRNA targets that were determined (o be of
sufficiently high quality were hybridized for 16h to
HG-U95Av2 high-density microarrays, The microar-
rays were washed and bound cRNA was detected by
statning with streptavidin-phycoerythrin. The signal
intensity of the {luorescent staining was read using a
Hewlett-Packard G2500A Gene Array Scanner using
a randomized scanning order for the GeneChip®. As
a quality control check on the hybridization, images
of the microarrays were examined visually prior to
analysis using Affymetrix Microarray Suite (version
5.0). Signal values for cach transcript were generated
by the Microarray Suite analysis and were used for
statistical evaluation of the data.

2.5, Analysis of microarray data
The signal values used in analysis of the microarray

data were those computed by the Affymetrix algorithm
(Lockhart et al., 1996) using Affymetrix Microarray

Suite (version 5.0). In order to obtain a general view of

how the individual samples compared to one another,
principal components analysis (PCA) was used in or-
der to reduce the dimensionality of the data. Instead
of examining the signal values of individual genes,
linear combinations of these signal values (across all
genes) were examined. PCA finds a set of standardized
linear combinations called the principal components,

which, taken together, explain all of the variance of

the original data. The first principal component (PC)
explains the largest proportion of the variance, the sec-
ond PC explains the largest proportion of variance un-
correlated with the first principal component, and $o

forth. By looking at plots of the principal components,
it can be determined whether variability among sam-
ples (chips) is due to experimental group (i.e. treat-
ment) or some other factor (e.g. GeneChip® scanning
order).

Algorithms in the microarray analysis suite
(Affymetrix) were used to determine whether the
expression of each transcript was considered to be
present, absent or marginal in the sample. Transcripts
designated as absent in all samples, both treated and
control, were excluded from further analysis, Mean
signal values were computed by experimental group,
and the differences between the mean signal value
of each treated group and the control group was
calculated (i.e. treated group mean signal value mi-
nus control group mean signal value). Fold-change
values for genes were calculated as the ratio of the
mean signal values of allergen treated group over
the control. Two-sample f-tests were used to com-
pare the signal values of each treated group to the
control group signal values. Only those changes in
gene expression with a two-sided significance level of
<().001 were considered to be due to allergen treat-
ment. This very low significance level was used in
order to control the overall Type I error rate (proba-
bility of incorrectly declaring a significant difference
in signal values) for a very large number of statisti-
cal tests. Using a level of significance of 0.001, one
would expect 1 out of 1000 genes on average to be
called statistically significant just by random chance.
All analyses were conducted using S-PLUS 6.1
and StatServer 6.1 (Insightful Corporation, Seattle,
WA).

2.6, Reverse transcription and real-time PCR

For a select number of genes identified as being
significantly altered by concentrations of DNBS, the
relative changes in gene expression that werc ob-
served in the microarrays were evaluated using reverse
transcription followed by real-time PCR. In addi-
tion, real-time PCR was also conducted to determine
whether or not those gene changes were differentially
regulated by exposure to allergen. Primer pairs were
designed for each of the selected genes using cither
the Affymetrix target sequence or the Genbank se-
quence (Table 1). Reverse transcription of RNA was
performed using the Omniscript RT kit (Qiagen) under
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Primer sequences used {or real-time PCR

305

Gene symbol

Sequence 5" - 3 forward primer

Sequence 5 ~» 3 reverse primer

ABCAG™ GAT CA TTG GCT CCA TCC
ABCCI GGC ACT CAA AAG CTG GOA
AKRIC2 ATA TTT TTG CTG GCC CCC
ARHGDIB AAA CGC TGC TGG GAG ATG
ATPOVIF TCG AAG ACA CTT TCC GGC
CTSH ACT GGG ACC CCC AAC ATT
CTSL* GTA AGC CCA GGA AGG GGA
CCL2* CTT CAT TCC CCA AGG GCT
CCLA4* GCT CTC CAG CGC TCT CAG
CDgo* TAT GGG CCG CAC AAG TTT
EPB41L.2 TGA GGA TGC TGG GOA GAG
FCER1A* TCT CCA GCA TCC TCC ACC
GLA GAT GTT GCT GGA CCA GGG
HML2 GAC GGC AGG TGG AT GAC
IL-3RAX GGG GGT CTG CCT CAA TCT
IL.8#* GGT GCA GTT TTG CCA AGG
NOTCH3* GGG CAT GAA GAA CAT GGC
PLAUR* GAA GGG CAT CCA AAG GAT
QPRT GGA GGG CTG GTG ATG TTG
TGIF GTT GCA CTC AAA CGG GCT

ICaBP (rat)

ATC CAA ACC AGC TGT CCA A

GTA AAC GTC TGC CAC GGG
GCC CTG AGA CAA TCC CCT
GTC ACC ATC CAC ACG CAG
TCC ATG GTG ATT GGT CCC
GTG CIC CTT GGA GGG GAT
AGG CAC ATG GCT GGT GAT
AAG CCT CCC AGT TTT CCG
GGG ACA CTT GCT GCT GGT
GCA GAG GCT GCT GGT CTC
TTC ATC TGG TGG ATG CGA
GGG TCA AAG GCA AAG GAA A
GCC ATC TGG AGC GAA GAA
CTT TGG CTT GAG GGC TGA
CCA CCA AAG GCA GCT CAG
TTC TTC CTG GCA GCT TCG
TTC CTT GGG GTC CAG ACA
TGA GTC CAC TGA CGG CAA
AGC TGT AAC ACT GGC GGC
GGC TGC TGC ATT CCA CTT
CCC GGC AAT CAT GAC ATT
TGT CGG AGC TCC TTC TTC

Sequences were derived from either the Affymetrix target sequences or on the Genbank datubase sequence (indicated by asterisk (*)),

conditions described by the manufacturer, In all reac-
tions, cDNA was synthesized in 20wl using 1.5 pg
of human total RNA from DC and 10 uM Oligo-dt
primers (Ambion Inc., Austin, TX) All reactions
contained 10 units of RNase Out RNAse inhibitor
(Invitrogen, Carlsbad, CA). The resulting cDNA was
stored frozen (~20"C) until assayed by real-time
PCR using an iCycler thermal cycler with the iCycler
iQ™ real-time PCR detection system (Bio-Rad, Her-
cules, CA). An equivalent of 50 ng of total RNA was
used in 25 pl of QuantiTect SYBR Green PCR Master
Mix (Qiagen). The real-time PCR reaction mixture
included 5wl of sample, forward and reverse primers
(0.3 uM each), and the PCR master mix containing
probe (2x stock). The 96-well real-time PCR format
included seven, 10-fold dilutions of a PCR purified
DNA standard (2 x 1072 ng to 2 x 10~% ng), a PCR
negative control (template), and up to seven genes in-
dependently analyzed on eight samples per plate. The
positive control and PCR standard was a rat intestinal
calcium binding protein (ICaBP) PCR product that
was gel purified away from the primers, Test sam-
ples analyzed were biological triplicates performed
individually within a given PCR run.

2.7. Analysis of real-time PCR data

Optical data obtained by real-time PCR was ana-
lyzed using the default and variable parameters avail-
able in the software provided with the iCycler iQ™
real-time PCR detection system. The PCR threshold
cycle number (Cp), which is the point at which fluo-
rescence exceeds the threshold linit (10x mean of the
standard deviation of fluorescent reading of well over
baseline cycles 2-10), and starting quantity (SQ) of
test RNA samples was calculated alter PCR baseline
subtraction and C determination had been carried out
on the standards. Standard curve equations were cal-
culated by regression analysis of the log of the copy
number (starting quantity) versus threshold cycle. The
standard curve equations (R? usually greater than 0.96)
were used to calculate quantities of test RNA. The
mean relative fluorescence units (RFU) was calculated
using individual well readings within a given PCR run
on biological triplicate samples and then converted
to mean fold-change comparing mean RFU of con-
trol samples versus mean RFU of treated samples. For
each gene described in Table 5, the data presented rep-
resent the combined mean fold-change from multiple
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PCR reactions (2-4) within a single run. For the genes

deseribed in Table 6, the data shown are the mean of

fold-changes calculated from single real-time RT-PCR
reactions run on each of three replicate cultures from
a single donor.

3. Results

3.1, Exposure to contact allergen induces changes in
gene expression

Dendritic cells generated from the adherent frac-

tion of PBMC by 7 days of culture in the presence of

GM-CSF and IL-4 were exposed for 24 h to DNBS, the
water soluble analog of DNCB. Based on the results
of the test chips, the fragmented cRNA target sample
for one of the control culture replicates was found to
be of poor quality with average background and noise
values well above the other chips. Therefore, it was
excluded from further analysis. High quality targets
obtained from three replicate control cultures and four
replicate cultures of each DNBS concentration were
hybridized to HG-U95Av2 high-density microarrays
for transcript profiling.

PCA, a multivariate analysis technique frequently
used to identify sources of variability and detect out-
liers in microarray studies, was conducted to examine
the variation amongst the 11 samples from the three
experimental groups. Using PCA, the large number of
(possibly) correlated variables (i.c. the measurements
of thousands of genes measured across the various
treatments) was mathematically reduced to a smaller
number of uncorrelated variables, the principal com-
ponents. The PCs were then examined to identify fac-
tors that introduced variability in the dataset. The first
PC, which explains the largest proportion of variance,
was found to account for 80% of the variance between
the samples. The plot of the coefficient of PC 1 ver-
sus the 11 individual chips of each experimental group
indicated that the four replicates of the 5 mM DNBS
treated cultures were distinetly different from both
the control and [ mM DNBS treated chips (Fig. 1A).
When just the 1 mM DNBS and vehicle chips were
examined, the four allergen treated samples were iden-
tified as different from control (Fig. 1B). Therefore,
results of the PCA clearly demonstrated that aller-
gen treatment, rather than some other factor such as
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Fig. [. Principal component analysis of the microarray-derived
data. Principal component analysis demonstrated that allergen ex-
posure was the greatest source of variability between the samples.
In comparing all samples, the 5 mM DBNS exposed cultures were
clearly different from the | mM DNBS exposed cultures and the
control cultures (A). Comparison of 1 mM DNBS exposed cultures
to control cultures also demonstrated a treatment effect (I3),

chip scanning order, had the greatest influence on the
dataset. In addition, no outlier chips were identified,
as all replicates within each treatment group were sim-
ilar.

Pairwise comparisons of the mean signal value of
each DNBS treated group to the control group were
conducted using two-sample z-tests. The numbers of
gene changes that were found to be statistically differ-
ent at the various levels of significance are shown in
Table 2. Only those changes in gene expression with
a two-sided significance level of <0.001 were con-
sidered to be caused by allergen treatment. In com-
paring the 1 mM DNBS treated DC to the control

L
|
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Table 2
Number of statistically significant gene changes based on pairwise
comparison (o untreated control of mean signal value (1-test)

P-value I'mM DNBS vs, control  SmM DNBS vs. control
<0.00000 14 189
<().0001 42 551
<0.00] 173 1249

<0,01 508 2748

DC, 97 genes were significantly up-regulated with
fold-changes of -+ 1.1 t0 29.4 and 76 genes were signif-
icantly down-regulated with fold decreases of ~1.1 to
—7.4. Of the 1249 genes that were found to be signif-
icantly different in the 5mM DNBS treated DC, 586
genes had fold increases in expression over control
ranging from 1.2 to -4 160.1 and 663 genes demon-
strated a down-regulation of —1.2 to ~98.2 times con-
trol. Sixty genes were significantly up-regulated and
58 were signilicantly down-regulated by both concen-
trations of DNBS (Fig. 2A and B). Of the total number
of genes represented on the GeneChip®, only 1.6%
were changed by treatment with I mM DNBS while
10.9% were influenced by S mM DNBS exposure, The
significant gene changes observed represented a wide
range of cellular processes including signal transduce-
tion, protein modification/synthesis, transcription and
small molecule transport. The full transeript profile
with signal values for each probe set on each of the |1
GeneChip® is available in an Excel spreadsheet pro-
vided as electronic supplementary material (see DC
full profile.xls).

A listof genes which were significantly up-regulated
in DC after 24 h of exposure to both 1 mM and S mM
DNBS are presented in Table 3 along with their
accession number and fold-change relative to the un-
treated control DC cultures. The gene with the largest
fold-change in the 5§ mM DNBS treated DC (+160.1),
dihydropyrimidase like-3 (gene symbol DPYSL3),
was not found to be significantly changed in the
I mM DNBS-treated DC (data not shown). Genes
that were significantly down-regulated (P < 0.001)
are presented in Table 4.

3.2, Evaluation of gene expression changes by

In order to determine the reproducibility of the gene
expression changes observed using the Affymetrix

(A) Up-Regulated Genes

5 mM DNBS

526

(B) Down-Regulated Genes

1 mM DNBS 5 mM DNBS

18 605

Fig, 2, Distribution of statistically significant genes. The number
ol penes that were signilicantly (P < 0.001) up-regulated (A) and
down-regulated (B) at the coneentrations of DNBS tested,

GeneChip®, a set of genes was selected for evalua-
tion by real-time RT-PCR. The genes chosen were
among those found to be significantly different from
control at both concentrations of DNBS tested, To-
tal RNA used for real-time analysis was obtained
from DC derived from a second donor following 24 h
exposure to I mM and SmM DNBS. Therefore, in
addition to demonstrating the reproducibility of the
gene expression changes observed in the microar-
rays, the real-time data also provided insight into
the variability of those changes amongst different
donors, For all of the genes examined thus far, there
was agreement between the GeneChip® data and the
real-time data in terms of the direction of the change
in gene expression, cither up- or down-regulated, rel-
ative to control (Table 5). In addition, the magnitude
of the change observed was comparable across plat-
forms for a number of the genes. However, for some
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Table 3
List of genes that were significantly up-regilated (£ < 0.001) by 24 h exposure to both concentrations of DNBS

Accession no. Gene name Gene symbol Fold-change induced
by DNBS (mM)
| 5
Cytokine/chemokine
X525 Interleukin-1 receptor antagonist ILIRN 1.9 3.2
AF014958 Chemokine (C~C motif) receptor-like 2 CCRI2 1.8 9.5
L06797 Chemokine (C-X-C moltif) receptor 4 CXCR4 2.3 4.7
Protein modification/synthesis
X04371 2,5'-0Oligoadenylate synthase 1 0ASI 2.1 4.1
MS55153 Transglutaminase 2 TGM2 3.1 2.7
X04741 Ubiguitin carboxyl-terminal esterase | UCHLI 10.3 232
MY1670 Ubiguitin carrier protein E2-EPF 1.7 27
M8E279 Hsp binding immunophilin FKBP4 1.9 33
ABO13382 Dual specificity phosphatase 6 DUSP6 3.3 8.5
AF043325 N-myristoylteansferase 2 NMT2 4.8 3.5
U48296 Protein tyrosine phosphatase type IVA, member | PTP4Al 1.7 4.5
U09sto Glyeyl-t RNA synthase GARS 1.5 S.1
Signal transduction
Y07560 Ras-like without CAAX| RITI 33 13.6
AF036927 Adenylate cyclase 9 ADCYY 2.3 2.1
ABOOSO47 SH3 binding protein SH3BPS 2.3 6.9
NM(03329 Thioredoxin TXN 2.1 4.0
43077 Cell division cyele homolog 37 CDC37 1.7 2.2
Cell surface receptors/membrane proteing
DI11428 Peripheral myelin protein 22 PMP22 2.8 9.8
102939 CDYg SLC3A2 2.9 4.6
ABO26891 Soluge carrier family 7, member |1 SLCTALL 2.9 5.0
X01060 Transferrin reeeptor, CD71 TEFRC 2.0 3.1
ALDBOTO4 Low-density lipoprotein receptor-related protein 10 LRPI10 1.4 1.5
YO0285 Insulin-like growth factor 2 receptor IGF2R 1.6 2.0
X81817 Accessory protein BAP 31 BCAP31 1.3 2.0
Transcription factorsfactivators/repressors
AF096870 Tripattite motif-containing 16/(estrogen-responsive B box protein) TRIM16 2.2 357
AF019214 HMG-box containing protein | HBP! 1.8 3.3
JO4102 Erythroblastosis virus oncogene homolog 2 ETS2 2.9 6.5
DI138Y1 Inhibitor of DNA binding 2 D2 1.4 1.2
Small molecule transport
U79745 Monocarboxylate transporter 6 SLCI6A6 32 4.3
U83401 Copper transporter 2 SLC31A2 1.9 33
US53347 Neutral amino acid transporter SLCIAS 1.8 3.7
U45285 ATPase, H-+ transporting, lysosomal VO protein a isoform 3 TCIRG! 1.6 1.8
AA8TT7Y5 ATPase, H-- transporting, lysosomal 34 kDa, Visubunit D ATP6VID 1.9 6.8
U3vd|2 N-ethylmaleimide-sensitive factor attachment protein NAPA 1.8 3.6
Cell cyele, proliferation, death
Z23115 BCL2-like [ isoform | BCL2L1 1.2 3.0
Uo3106 Cyclin-dependent kinase inhibitor 1A CDKNIA 3.0 4.0
Miscellancous
D17793 3-Alpha hydroxysteroid dehydrogenase, type 11 AKRIC3 9.7 71.2
X59812 Cytochrome P450, 27A CYP27Al 294 43.0

AFQ10400 Transaldolase | TALDO1 2.4 34
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Table 3 (Continued)

Accession no, Gene name

Gene symbol Fold-change induced

by DNBS (mM)

| 5
DE6Y6 Lipoma HMGIC tusion partner-like 2 LMEPL2 29 5.3
U43944 Malic enzyme | ML 2.8 RN
U24577 Phospholipase A2 PLA2GT K] 35
X91247 Thioredoxin reductase | TXNRDI 4.0 124
MI13755 Interferon-stimulated protein, [5kDa aGip2 24 1.6
U30255 Phosphogluconate dehydrogenase PGD 24 39
113943 Glyceerol kinase GK 24 52
Y5521 Acetylseratonin O-methyltransferase-like ASMTIL., 1O 2.6
X66436 Guanine nucleotide hinding protein-like 1 GNLI 1.7 KN
U18009 Vesicle amine transport protein | homolog VATI |4 KN

genes with higher expression levels as determined
by the GencChip“" mean signal values, such as IL8,
AKRIC2, and HMI.2, the real-time PCR treatment
versus control fold-change values tended to be larger
than the Affymetrix fold-changes.

3.3. Evaluation of gene expression changes by
real-time RT-PCR-—examination of allergen
specificity of gene regulation

To determine whether any of the significant gene
changes previously observed were due to the reactive
nature of the contact allergen, DC derived from elu-
triated human monocytes were exposed (o medium
alone, | mM and 5mM DNBS, or ImM and 5 mM
BSAc, a non-allergen that is structurally similar to
DNBS. Gene expression changes were examined by
real-time RT-PCR for the same 20 genes that were
used to evaluate the reproducibility of the microarray
data. It was found that approximately half of those
genes appeared to be differentially regulated by ex-
posure to the contact allergen (Table 6). Of the genes
that demonstrated some evidence of allergen speci-
ficity, the fold-changes (relative to the untreated con-
trol) observed for the DNBS-treated DC were greater
in magnitude compared to the fold-changes observed
for the BSAc-treated DC and, in some cases, were di-
rectionally different.

4. Discussion

Many differences exist between immature and ma-
ture DC (reviewed Banchereau et al.,, 2000) and it

has been proposed that exposure to contact allergens
can induce the maturation of DC (Manome et al.,
1999). Indeed, many of the changes reported to oc-
cur in DC following treatment with contact allergens
such as increases in cell surface expression of class 1
MHC, co-stimulatory and adhesion molecules (Aiba
et al., 1997; Tuschl et al., 2000) are also observed with
known maturation stimuli such as lipopolysaccharide
(LPS) (Verhasselt et al., 1997). While changes in the
DC gene expression profile due (o maturation stimuli
including viral and bacterial pathogens (Huang et al.,
2001), lipopolysacharide (Chen et al, 2002;
Messmer et al., 2003), cytokines (Dietz et al., 2000; Le
Naour et al., 20013 Messmer et al., 2003; Moschella
et al., 2001}, and soluble CD40 ligand (Messmer et al.,
2003; Moschella et al,, 2001) have been explored,
there are currently no published reports describing
genomic-scale analysis of the early changes induced
in DC resulting from chemical allergen exposure. In
this study, we have examined changes in gene expres-
sion in cultured PBMC-derived DC that are induced
by exposure to two difterent concentrations of a con-
tact allergen using Affymetrix GeneChip® microar-
rays. Based on statistical analysis of the microarray
data, the expression of many genes was found to be
augmented significantly by 24 h treatment with either
I mM or 5 mM DNBS, with a greater number of gene
expression changes observed at the higher concentra-
tion, Since treatment with the higher concentration
of DNBS resulted in a low level of cytotoxicity, we
focused our attention only on those genes for which
expression was found to be significantly different
from control at both allergen concentrations.
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Table 4
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List of genes that were significantly down-regulated (P < 0.001) by 24h exposure to both concentrations of DNBS

Accession no,

Gene name

Gene symbol

Fold-change induced
by DNBS (mM)

l 5
Cytokine/chemokine
M21121 RANTES; SCYAS CCLS ~2.3 -4.,7
(two probe scts for the same gene) —~1.6 2.9
M28225 Chemokine (C-C motif) tigand 2; MCP-* CCL2 ~2.8 - 10.1
D43767 Chemokine (C~C motif) Tigand 17; TARC CCL17 -28 - 5.0
U95626 Chemokine (C-C motif) receptor 2 CCR2 ~7.4 ~0.4
Protein modification/synthesis
X71125 Glutaminyl cyclase QPCT ~2.0 -5
45248 Proteasome activator subunit 2 PSME2 ~1.5 -2.2
Signal transduction
AIB28880 Profein tyrosine phosphatase non-receptor type 2 PTPN2 - 1.4 ~34
NMOOI386 Collapsin response mediator protein hCRMP-2 DPYSL.2 - 1.8 ~3.7
177730 Adenosine A3 receptor ADORA3J ~2.2 =1.7
Cell surface receptors/membrane proteins
M28827 Chlce CDIC 1.4 ~7.4
3o Signaling lymphoeytic activation molecule SLAM 4.2 ~13.0
M15395 Integrin beta 2 subunit, CD1Y, LEA~| ITGRB2 -5 - 28
Y7145 GDNF family receptor alpha 2 GRAF2 2.2 -9.5
(two probe sets for the same gene) 2.4 =77
M34064 N-cadherin CDH2 - 1.8 4.4
X16863 Low allinity receptor 1gG, Ma (CD16) FCGR3A ~1.9 (0,0}
(two probe sets for the same gene) -1.9 =5,0)
AFO162606 TNF-related apoptosis-inducing ligand receptor 2 TNERSEF10B —~1.3 =30
222555 CD36 antigen-like | SCARBI ~1.7 ~2.9
Transeription factors/activitors/repressors
JO31061 Serum response factor SRF -3 - 1.0
AFO30227 Vav! oncogene VAV -~ .4 =33
Small molecule transport
NMO04925 Aquaporin 3 AQP3 ~2.8 ~16.5
(two probe sels for the same gene) —3.8 - |44
W72186 S100 caleium binding protein Ad S100A4 ~1.7 —~1.4
NMOI13306 Sorting nexin 15 SNX15 - 1.4 w8
Cell cyele, proliferation, death
ME7507 Interfeukin 1 beta convertase; caspase | CASP1 —2.8 5.6
Miscetlancous
UR3116 Absent In melanoma | AIM] - 1.9 5.8
M80261 Apurinic/apyrimidinic endonuclease APEX| -5 - 5.7
U21931 Fructose-1,6-biphosphatase | FBP! - 1.5 e}, 0
D31766 Glucosamine-6-phosphate isomerase GNPI -1.5 1.4
X15331 Phosphoribosyl pyrophosphate synthetase | PRPSI -8 - 3.5
X04098 Actin, gamma | ACTGI 1.4 ~2.7
V(0599 Beta-5-tubulin OK/SW-cl.56 -1.7 ~2.9
U03057 Facin homolog 1, actin-bundling protein FSCNI -1.3 - 1.6
D13643 24-Dehydrocholesterol reductase DHCR24 ~1.9 2,8
U41767 A disintegrin and metalloproteinase domain 15 ADAMIS -1.7 2.2
M14539 Coagulation factor XIIE, Al polypeptide FI13A1 —~2.0 - 1.0
ALO8O121 DKFZp56400823 -1.7 0.6
J05070 Matrix metalloproteinase 9 MMP9 -~1.8 -3.5
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Table 4 (Continued )

Accession no. Gene name

Gene symbol Fold-change indueed

by DNBS (mM)

! 5
D 14664 C-type leetin BIMLEC precursor BIMLEC -9 - 0.5
J002%87 Similar w pepsin A precursor NA =19 4.2
ALO23653 Chromosome X open reading ftame Y CXorfy - 1.4 -850
AA9TTS80 Fatty-acid-coenzyme A ligase, long chain 3 FACL3 1.7 ~2.5
UL1863 Amiloride binding protein | ABPI -2 2.5
AFO8O8 14 Tumor suppressor deleted in oral cancer-related | DOC-IR -~1.1 =20
Y 14768 Allograft inflammatory factor 1 Al -~1.0 - 1.8
X05409 Aldehyde dehydrogenase 2 family (mitochondrial) ALDH2 ~1.8 -8
AF054996 SHORNP protein 4 homolog mp4 1.3 -7

& Second probe set representing CCL2, see Table 5 for other CCL2 probe set results,

We observed a number of gene expression changes
induced by allergen exposure that are consistent with
what is known of the DC maturation process includ-
ing up-regulation of transcripts for the co-stimulatory
molecule CD86 (Ozawa et al., 1996) and the consti-
tutive chemokine receptor CXCR4 (Sallusto et al.,
1998, 1999) and down-regulation of genes encoding
molecules involved in antigen uptake such as the high
affinity IgE receptor (Maurer and Stignl, 1999), aqua-
porin 3 (De Baey and Lanzavecchia, 2000) and the
C-type lectin HML.2 (Higashi et al., 2002). CCR2 or
monocyte chemotactic protein | receptor (MCP-1-R)
is classified as an inducible/inflammatory chemokine
receptor and has been shown to be expressed on im-
mature DC (Sallusto et al., 1998). As DC mature in
response to extrinsic signals such as TNF-a, 1L-113
and LPS, they lose surface expression of inflamma-
tory chemokine receptors, including CCR2 (McColl,
2002). In this study, down-regulation in message for
CCR2 in DNBS treated DC versus control was ob-
served. Consistent with our findings, Messmer et al,
(2003) observed a down-regulation of transcripts for
the CCR2 ligand CCL2 (also known as monocyte
chemoattractant protein |, alternate gene symbol
SCYA2) after 48h maturation with either LPS or
pro-inflammatory cytokines. Our data also suggest
that the observed decrease in CCL2 transcripts may
be the result of differential regulation by allergen as
exposure of DC to the non-allergen, BSAc, failed to
induce such changes. However, using semicquantita-
tive RT-PCR, Sallusto et al. (1998) reported a strong
up-regulation in mRNA expression for MCP-1 in
monocyte-derived DC following 40 h stimulation with

LPS. Following allergen exposure, one of the most
up-regulated genes seen by GeneChip® was 11-8,
with 11.9- and 32.7-fold increases over contro] for
the I mM and 5§ mM DNBS treated DC, respectively.
And, while [L-8 was found to also be up-regulated
by exposure to the non-allergen BSAc, the magni-
tude of the change resulting from exposure to the
allergen DNBS was far greater, owing perhaps to the
more reactive nature of the allergen molecule. Aiba
et al. (2003) have shown previously that treatment
of monocyte-derived DC with the contact allergens
DNCB and nickel chloride induced an up-regulation
in both [L-8 MRNA expression and protein produc-
tion, Increases in [L-8 gene expression have also
been reported for PBMC-DC following exposure to
LPS and pro-inflammatory cytokines (Messmer et al.,
2003), soluble CD40 ligand trimer (Moschella et al.,
2001) and different pathogens (Huang et al., 2001),
in agreement with our findings.

We also observed changes in gene expression that
are contrary o what has been reported to occur
during DC activation/maturation, Signaling lympho-
cytic activation molecule (SLLAM) was first identi-
fied on activated T and B cells. Recently, mRNA
encoding for both membrane-bound and  soluble
secreted forms of SLAM were detected in CD4()
ligand-activated  monocyte-derived DC - (Bleharski
et al,, 2001), Membrane-bound SLAM protein was
shown (o be highly expressed on the surface of DC
activated by CD40OL, LPS, or poly(I:C) with peak
expression oceurring at 12 h post-stimulation, SLAM
up-regulation appeared to be a direct result of the
induction of DC maturation. Additional evidence
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Table 5
Selected gene expression changes verified by real-time RT-PCR

Accession no, Gene name

Gene symbol Fold-change induced by

DNBS (mM Affy" RT?)

1 S

Cytokine/chemokine

M28130 Interleukin-8 L8 +11.9 +118.0 +32.7 +65.1

D49410 Interleukin-3 receptor o IL3RAX +1.6 +1.6 4+2.2 +3.5

JO4130 Chemokine (C-C motif) ligand 4; MIP1-B CCL4 —-2.7 ~4.4 -~98.2 ~96.4

M26683 Chemokine (C--C motif) ligand 2; MCP1 CCL2 —2.7 4.2 ~12.5 ~60.2
Protein modification/synthesis

X12451 Cathepsin L CTSL +3.5 +7.7 +3.6 4107

X 16832 Cuthepsin H CTSH -2.0 -39 -4.8 —11.0
Signal transduction

X69549 Rho GDP dissociation inhibitor (GDI) beta ARHGDIB ~2.0 -2.9 ~7.9 ~18.]
Cell surface receptors/membrane proteing

U9766Y9 Notch homolog 3 NOTCH3 4134 4703 +27.8 --83.2

X74039 Plasminogen activator, urokinase reeeptor PLAUR 2.0 41.2 +3.0 1.6

U04343 CH86 CD86 +2.0 4+1.7 +2.0 +1.0

D350532 Macrophage lectin 2 HML2 -0.9 ~7.5 - 18.2 203,06

X06948 High aftinity IgE receptor, alpha-subunit FCERIA —2.3 -1.5 0,6 ~124
Transeription fuctors/activators/repressors

X89750 TGFB-induced factor TGIF +18 +1.4 +3.9 1.9
Small molecule transport

49400 ATPase, H-- transporting, lysosomal subunit ATPOVIF 1.3 +2.0 1.9 1.7

NM(04996 ATP-binding cassette, sub-family C, member | ABCCI +2.2 49.5 +2.5 4.0

U66680 ATP-binding cassette, sub-family A, member 6 ABCAG6 -3.2 5.0 ~[0.3 ~552
Miscellancous

NMO01354 3-Alpha hydroxysteroid dehydrogenase, type I AKRIC2 +18.1 +29.8 +73.9 43484

NMOOO16Y Galactosidase, alpha GLA +1.6 +2.1 +2.5 434

D78177 Quinelate phosphoribosyl transferase QPRT ~1.7 =0.5 &8 =165

AR)27299 Frythrocyte membrane protein band 4.1-like 2 EPB41L2 -~1.6 ~2.2 ~3.5 5.2

Comparison (o microarray results,

i Affymetrix fold-changes shown were based on comparison of the mean signal values of replicate allergen treated and control cultures
(GeneChip®) from a single donor, All gene changes shown were statistically significant (P < 0.001).
b Real-time RT-PCR data shown are the mean of fold-changes calculated from repeated real-time RT-PCR reactions (n == 2-4) on

triplicate cultures from a single donor.

in support of this idea is reported by Kruse et al.
(2001). SLAM expression was found in mature, but
not immature DC and surface expression of SLAM
was shown to be up-regulated by IL-1B. In contrast,
we observed significant down-regulation in SLAM
with 4.2- and 13.0-fold decreases in expression rel-
ative to control following 24 h exposure to | mM
and SmM DNBS, respectively. CCL17 (alternate
gene symbol SYCAL7), also known as thymus and
activation-regulated chemokine (TARC), is a T-cell
chemoattractant (Imai et al., 1996) and has been
shown to be induced in DC upon maturation with

LPS (Messmer et al., 2003; Sallusto et al., 1998),
proinflammatory cytokines (Messmer et al., 2003)
and CD40L (Moschella et al., 2001). Exposure to the
chemical allergen DNBS induced a down-regulation
in CCLI7 expression. The observed discrepancies
in gene expression changes in response to chemical
allergen exposure versus ‘traditional’ methods of DC
maturation may be due simply to differences in the
kinetics of the response between the different stim-
uli. However, a more interesting hypothesis is that
the gene expression changes which result from DC

encounter with allergen represent only a portion of

|
!



CA Rvan et ul. / Toxicology Letters 150 (2004) 301--316 313

Table 6

RT-PCR analysis of changes in gene expression induced by exposure to an allergen (DNBS) or a structurally similar irtitant (benzenesulfonic

acid; BSAc) in a single donor®

Accession no.  Gene name Gene symbol  Fold-change induced Fold-change induced
by DNBS (mM) by BSAc (mM)
! 5 | 5
Cytokine/chemokine
M28130 Interleukin-8 1LY +304 42010 +23 471
D49410 Interteukin-3 receptor IL3IRAX 3.2 +7.9 430 447
J04130 Chemokine (C-C motif) ligand 4; MIPI-B CCL4 -3.7 ~21.7 =23 4L
M26683 Chemokine (C-C motifl) ligand 2; MCPI1 CCL2 -4.8 -8.2 =17 k20
Protein modification/synthesis
X12451 Cathepsin L CTSL +3.9 +3.8 427 430
X16832 Cathepsin H CTSH +1.3 - 1.9 422 425
Signal transduction
X69549 Rho GDP dissociation inhibitor (GDI) beta ARHGDIB ~1.9 -21.5 +1.0 0 412
Cell surface receptors/membrane proteing
U9766Y Noteh homolog 3 NOTCH3 +13.4 4340 10 415
X74039 Plasminogen activator, urokinase receptor PLAUR ~ L1 +1.3 -3 12
V04343 CD8Oo CDY6 -+ 1.8 +1.6 LT 1LY
D50532 Macrophage lectin 2 HML.2 -3, -52.8 +10 -3
X06948 High affinity IgE receptor, alpha~subunit FCERTA ~1.7 ~10.0 AL 1
Transcription factorsfactivalors/repressors
X89750 TGEB-induced factor TGIE 2.1 1.1 =17 14
Small molecule transport
149400 ATPase, H-+ transporting, lysosomal subunit F ATPOVIF +1.6 +2.2 1.0 419
NMOO4996  ATP-binding cassette, sub-family C, member | ABCCI 1.0 +2.0 ) PRI
U66680 ATP-binding cassette, sub-family A, member 6 ABCAG =24 =1 1.0 412 k14
Miscellaneous
NMOO1354  3-Alpha hydroxysteroid dehydrogenase, type 111 AKRIC2 4250 17520 424 3.
NMOO0169  Galactosidase, alpha GLA 417 + 1.6 0 Y I Y I
D78177 Quinolate phosphoribosy] transferase QPRT AR - 2.0} +1T 423
AF027299  Erythrocyte membrane protein band 4.1-like 2 LEPB411.2 ~ 1.4 8.5 LT 413

& Data shown are the mean of fold-changes caleulated from a single real-time RT-PCR reaction on triplicate cultures from a single donor,

the changes that occur as part of the maturation pro-
cess. And, we may find that, with further exploration,
some of the observed gene expression changes may
be chemical-specific.

Further evaluation of a selected set of genes that
demonstrated significant changes in the microarray
was conducted using reverse transcription followed
by real-time PCR. A good correlation was found be-
tween the microarray and real-time PCR platforms
when comparing the relative fold-changes in tran-
script levels induced by allergen exposure. The direc-
tion of the change in gene expression, either up- or
down-regulated, was the same for all 19 genes that
were examined by real-time PCR. In addition, the

order of magnitude of the relative fold-changes-derived
by real-time PCR was similar to that obtained us-
ing the microarrays, In some cases, the results were
almost identical. For example, CCL4 expression in
DC treated with SmM DNBS was down-regulated
98.2-fold by microarray and 96.4 fold by real-time
PCR; macrophage lectin 2 (HML2) expression in
I mM DNBS treated DC was down-regulated 6.9-fold
by microarray and 7.5-fold by real-time PCR. Other
investigators also have reported concordance between
expression profiles determined by Affymetrix mi-
croarrays and real-time PCR (Naciff et al., 2003).
Donor to donor variability has been reported in
DC responses to allergen treatment for both cell
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surface marker expression (Aiba et al,, 1997; Coutant
et al., 1999; Tuschl et al., 2000) and gene expression
(Pichowski et al., 200 1), However, we observed a high
degree of inter-individual reproducibility of the tran-
scriptional changes in our comparison of microarray
and real-time PCR data for 20 genes which utilized
DC derived from two different donors. Perhaps as we
expand our investigations to include other gene sets
and DC derived from additional donors, we may en-
counter donor variability in the response to allergen
treatment.

To examine whether or not the significant expres-
sion changes observed in the microarray data set
could be attributed specifically to allergen exposure,
RT-PCR was conducted for the same seleeted set of
genes. Elutriated monocyte-derived DC from a third
donor were exposed to either the allergen, DNBS,
or the structurally similar non-allergen BSAc. Of
the 20 genes examined, about half were, to some
degree, differentially regulated by the allergen (as
compared to the non-allergen) as evidenced by cither
the magnitude of the response, the direction (up or
down-regulation), or both. In addition, many of the
gene changes observed in the DNBS-treated DC from
this donor were quite similar to the changes seen in
DC derived from the two other donors used in the
microarray and previous real-time PCR experiments;
again, demonstrating donor-to-donor reproducibility
of many ol the transeriptional changes.

In summary, the results of our examination, at the
transcriptional level, of the effects of contact allergen
on DC revealed a number of gene expression changes
known to be associated with the DC maturation pro-
cess. These data, in part, provide support to the theory
that exposure to contact allergens can induce the mat-
uration of DC. Additionally, it is hoped that some of
the transcript changes identified through this approach
will be shown to be sufliciently robust, sensitive and
selective such that they are suitable for use in the de-
velopment of an in vitro predictive assay for contact
sensitization.
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