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Abstract. Although T-cells are thought to play central roles in Ni-allergy, this idea
is based largely on in vitro studies, because in vivo studies have been limited by
the paucity of adequate murine models of Ni-allergy (and indeed it has been said
that it is difficult to induce Ni-allergy in mice). However, we recently found that a
lipopolysaccharide (LPS) of Escherichia coli acted as a potent adjuvant, sensitizing
mice to Ni. LPS also sensitized mice to other metals (Cr, Co, Pd, and Ag). Here,
we report that in addition to LPS, a variety of microbial or inflammatory substances
sensitize mice to Ni. Our findings suggest that a microbial or an inflammatory
milieu is an important factor leading to metal allergies.
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1 Introduction

Metals are thought to cause various types of allergic reactions (including dermatitis,
lichen planus, palmoplantar pustulosis, asthma, and rhinitis), and even to cause
carcinomas. Ni, a constituent of many alloys, is the most frequent contact allergen.
Unlike classical haptens, metal ions form geometrically highly defined, but revers-
ible, coordination complexes with partner molecules. Thus, the host may recognize
metal ions in complicated ways. The knowledge that the partner molecules are
intact self-proteins led us to speculate that metal allergies might actually be forms
of autoimmune disease. Although T-cells are thought to play central roles in Ni-
allergy, this idea is largely based on in vitro studies, because the in vivo studies
have been limited by the paucity of adequate murine models of Ni-allergy (and
indeed it has been said that it is difficult to induce Ni-allergy in mice). However,
we recently found that an Escherichia coli lipopolysaccharide (LPS) [a ligand of
Toll-like receptor 4 (TLR4)] acted as a potent adjuvant, sensitizing mice to Ni, and
that the Ni(+LPS)-allergy was fully induced even in nude mice lacking T-cells. LPS
also sensitized mice to other metals (Cr, Co, Pd, and Ag). Here, the effects of a
number of inflammatory agents derived from various sources, including microbial
and chemical substances, were examined.
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2 Materials and Methods

An equivolume mixture of 1 mM NiCl, and a solution of a test substance was
injected intraperitoneally (0.1 ml/10 g body weight) into mice (BALB/c, C3H/HeN,
or C3H/Hel). Then, 10 days later, 5 mM NiCl, was delivered as a challenge by
intradermal injection into the left and the right pinnas, near the root of the ear (20 pul
each ear). Mice were anesthetized with ethyl ether just before the challenging injec-
tion. Ear swelling was measured at a site 2-3 mm distant from the challenge-site
at the indicated times (using a Peacock dial thickness gauge, Ozaki MFG Co. LTD,
Tokyo, Japan), and the induced difference (versus before the challenge) was
recorded.

3 Results

The following microbial or inflammatory substances sensitized BALB/c mice to
Ni: (a) an LPS of Prevotella intermedia (P. inf) [prepared by the phenol-chloro-
form—petroleum ether extraction method (Galanos’s method)], (b) a mannan of
Saccharomyces cerevisiae (a putative TLR2 and/or TLR4 ligand), (c) a muramyl
dipeptide (a cell-wall component of gram-positive bacteria, an NOD-2 ligand), (d)
a double-stranded RNA (polyIpolyC, a TLR3 ligand), (e) concanavalin A (a T-cell
mitogen), and (f) alendronate (an inflammatory bisphosphonate). P. int LPS (but
not E. coli LPS) was effective even in C3H/HeJ mice (mice with a TLR4 mutation)
as well as in their controls (C3H/HeN mice).

4 Discussion

These results suggest that a microbial or an inflammatory milieu (irrespective of
the types of TLR present) is an important factor leading to metal allergies. Unex-
pectedly, the LPS preparation of P. int (an oral black-pigmented gram-negative
bacterium) used in the present study exhibited adjuvant activity even in C3H/Hel
mice. This result—which suggests that the major adjuvant effect of our P. int LPS
preparation is independent of TL.LR4 [unlike that of E. coli LPS]—raises the possi-
bility that a contaminant substance(s) might be responsible for the adjuvant activity
of the P. int LPS preparation. It would be of interest to identify this substance(s)
in the P. int bacterium. Incidentally, Porphyromonas gingivalis (another oral black-
pigmented gram-negative bacterium) contains a lipoprotein that strongly stimulates
TLR?2, making it a potentially interesting subject for study.
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