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Fig. 4. Changes of cell-surface thiols and phosphorylation of
intracellular p38 MAPK on THP-1 cells treated with a
membrane-impermeable thiol blocker, DTNB. THP-1
cells were exposed to 3 mM DTNB for 2 hr and cell-
surface thiols and phosphorylated p38 MAPK were
analyzed as described in Materials and Methods. The
flow-cytometric histograms (A) and RFI values (B) of
THP-1 cells treated with 3 mM DTNB ((A) solid curve
in (A)) and 2,000 mg/ml DMSO (vehicle control,
shaded curves in (A)). Each value of RFIs in (B) is the
mean of = S.D. of three independent experiments. *p <
0.05. (C) Western blot analysis of intracellular phos-
phorylated p38 MAPK. Representative results of three
independent sets are shown.
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ed by treatment with DNCB, but not DNP-conjugated
BSA or DNP-conjugated FBS. In in vifro studies, MHC
class 11 internalization in hapten-treated Langerhans cells
and CD86 expression in hapten-treated monocyte-derived
dendritic cells were induced at sublethal concentrations
of haptens (Becker er al., 1992; Mizuashi er al., 2005).
However, we found that exogenous DNP-conjugated BSA
and DNP-conjugated FBS, though not DNCB, were hard-
ly toxic to THP-1 (Fig. 1). These observations supported
the view that the trigger for activation of hapten-treated
THP-1 cells is not hapten-conjugated protein.

In general, the majority of haptens (or their metab-
olites) have electrophilic properties and are able to
react with the side chains of many amino acids in pro-
teins, including lysine and cysteine (Gerberick er al.,
2004). Intracellular GSH, which is a tripeptide includ-
ing cysteine, plays a key role in regulating the intracel-
lular redox balance. According to the report by Mizuashi
et al. (2005), the intracellular reduced/oxidized glutath-
ione (GSH/GSSG) ratio was reduced by treatment with
haptens. Although attention has mostly been focused on
intracellular redox regulation, including transcription fac-
tors (Schreck et al., 1991) and signaling molecules (Le
et al., 2000), cell-surface thiols also play an important
role in lymphocytes (Sahaf er al., 2003). Cell-surface
proteins such as receptors and transporters can acti-
vate intracellular signal transduction, and cell mem-
branes, including cell-surface proteins, are physically
the first point of contact with haptens for cells. Cell-
surface proteins that can be modified by oxidoreduc-
tion include ion channels and the N-methyl-D-aspar-
tate (NMDA) receptor (Lipton et al., 2002; Zeng et al.,
2003). Oxidation of cell-surface proteins induces activa-
tion of ERK via the epidermal growth factor receptor and
activation of Src family protein tyrosine kinases by clus-
tering these proteins through disulfide bond cross-linking
(Nakashima et al., 2002; Midwinter er al., 2004). Further-
more, Usatyuk ef al. (2006) demonstrated that 4-hydroxy-
2-nonenal induced phosphorylation of p38 MAPK and
protein modification via oxidative stress. We therefore
hypothesized that small-molecular chemicals such as hap-
tens directly activate cells, and that cell-surface proteins
might act as sensors for cell activation. In this study, we
demonstrated that cell-surface thiols, but not amines, were
decreased by sensitizers (DNCB and NiSO,), but not by a
non-sensitizer, SDS, and also that p38 MAPK was more
highly phosphorylated after DNCB and NiSO, treatment
than after SDS treatment. The change of cell-surface thi-
ols thus appeared to be associated with phosphoryla-
tion of p38 MAPK, DNCB and NiSO,, which decreased
at least cell-surface thiols, have been reported to aug-
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Fig. 5.

ment CD86 expression, whereas SDS, which decreased
cell-surface amines, was reported not to augment CD86
expression (Sakaguchi er al., 2006). These observations
are consistent with the report of Becker et al. (2003), who
showed that tyrosine phosphorylation induced by haptens
was blocked in the presence of cysteine, but not lysine.
Furthermore, Filomeni et al. (2003) reported that mod-
ulation of cell-surface thiols by exogenous, membrane-
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Fig. 6. MIP-1J production by THP-1 cells treated with DTNB

and effect of an inhibitor of the p38 MAPK pathway
(SB203580). THP-1 cells were exposed to 3 mM
DTNB for 2 hr (A) and 48 hr (B) with or without 50
mM SB203580 for 48 hr and MIP-1p production was
measured by ELISA. Each value of MIP-1f} produc-
tion is the mean of + S.D. of at five independent ex-
periments, *p < 0.05.

impermeable GSSG triggered a decrease of intracellular
glutathione (GSH) content, activation of apoptosis signal-
regulating kinase 1 (ASK 1) and phosphorylation of p38
MAPK in U-937 cells. These observations and our data
support the idea that changes of cell-surface thiols play
a crucial role in the activation of the intracellular signal
transduction pathway following hapten treatment. How-
ever, haptens may also have other effects. For example,
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min and cell-surface thiols were analyzed as described in Materials and Methods. Numbers in each quadrant represent cell
percentages. Representative results of three independent sets are shown.

DNCB decreases not only cell-surface thiols, but also
amines (Fig. 2) and DNP-conjugated protein of both cell-
surface and cytoplasmic proteins were found in DNCB-
treated THP-1 (Fig. 3). We found that THP-1 cells were
activated through the p38 MAPK pathway, followed by
augmentations of CD86 expression and MIP-1[} produc-
tion, upon treatment with a membrane-impermeable thiol
blocker, DTNB. Considering that the increase of MIP-1[
production by THP-1 cells was detected after 2 hr treat-
ment with DTNB, activation of the signal transduction
pathway appears to be an early response. These observa-
tions support the notion that éell-surface thiols are one of
the triggers of activation through the p38 MAPK path-
way in THP-1 cells treated with simple chemicals. This
does not imply that hapten-conjugated proteins are not
the sources of the peptides presented by antigen-present-
ing cells to T cells, We have shown here that THP-1 cells
have endocytotic activity for BSA Alexa Fluor 488 con-
jugate independently of changes of cell-surface thiols.
We previously reported the augmentation of cathepsin B
gene expression in hapten-treated THP-1 cells, based on
microarray analysis (Hirota and Moro, 2006). Cathepsin
B is involved in degradation of protein Ag and generation
of peptide-receptive MHC class [I molecules (Fiebiger er
al., 2001). It seems likely that spontaneously endocytosed
antigen, such as DNP-conjugated BSA and DNP-conju-
gated FBS, is degraded by intracellular proteases in acti-
vated THP-1 cells.

In this study, we focused on THP-1, a human mono-
cytic cell line, but it would be interesting to know wheth-
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er similar changes are found in antigen-presenting cells or
not. Antigen-presenting cells have potent antigen-present-
ing functions and high endocytotic activity. Moreover,
according to Filomeni er al. (2003), cytotoxic effects of
GSSG on U-937, a monocytic cell line, differ from those
on primary monocy1es.

Recently, several groups have developed in vifro assays
for predicting the sensitizing potentials of chemicals.
Various biomarkers related to activation (maturation),
migration and antigen-presentation of antigen-present-
ing cells have been used as targets. High sensitivity and
an easy detection procedure are two of the most impor-
tant requirements for in virro assays. An assay detecting
cell-surface thiols by flow cytometry would be straight-
forward. Thus, we are evaluating changes of cell-surface
thiols as a candidate biomarker for an in vitro sensitiza-
tion assay by using about thirty chemicals, including skin
sensititers and non-sensitizers (Suzuki er al., in press).
We think cell-surface thiols might be a good candidate for
detecting activation of cells treated with haptens.
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